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INTRASEASONAL REPRODUCTIVE COSTS FOR
THE HOUSE SPARROW (PASSER DOMESTICUS)

W. BRUCE McGILLIVRAY!
Museum of Natural History, University of Kansas, Lawrence, Kansas 66045 USA

AssTRACT.—House Sparrows (Passer domesticus) near Calgary, Alberta begin breeding in
early spring and continue through to late summer. High productivity from previous broods
is negatively correlated with fledgling production from second and third broods. Although
fat reserves may limit the ability of females to raise young, there is no concomitant drop in
clutch size or in the probability of renesting. Pairs that fledge many young in a year space
fledgling production evenly over the breeding season but are most productive in mid-
season. The interval between fledging and the initiation of the next clutch increases with
the number fledged. This delay, an indication of the physiological strain involved in rearing
young, is greater for later broods and for females nesting in trees. Measures of reproductive
effort (clutch size, number fledged, length of the nestling period) vary seasonally but give
no indication of peaking for last broods. Thus, reproductive effort is not adjusted to parallel
changes in the probability of surviving to the next breeding attempt. Received 3 November

1981, accepted 24 April 1982.

A commoN assumption underlying theoret-
ical discussions of life-history phenomena is
that trade-offs in life-history characteristics oc-
cur (Williams 1966, Charnov and Krebs 1974,
Stearns 1976, Snell and King 1977). For exam-
ple, Pianka and Parker (1975) partition the re-
productive value of an individual of age X in
a stable nongrowing population into fecundity
at age X and expected fecundity conditioned
by survival to ages X + 1, X +2, ..., X +
N. Clearly if survivorship is lowered by current
reproduction, future fecundity is reduced.

Many researchers of life-history phenomena
in birds have investigated whether or not the
modal clutch size is the most productive, as
predicted by Lack (1947, 1966). If productivity
is measured as the number of young fledged
from a brood, then clutch sizes larger than
modal appear to be optimal (Klomp 1970, von
Haartman 1971, Jones and Ward 1976, Murphy
1978). If parental survivorship is reduced by
the effort of raising a large brood, however,
then the optimal clutch size might be lower
than the most productive (Fisher 1930, Char-
nov and Krebs 1974). Studies testing the rela-
tionship between brood size and parental sur-
vivorship show equivocal results. Bryant (1979)
found a reduction in the overwinter survivor-

! Present address: Water Resources Branch, On-
tario Ministry of the Environment 135 St. Clair Av-
enue W., Toronto, Ontario M4V 1P5, Canada.

ship of double-brooded female House Martins
(Delichon urbica), and male Pied Flycatchers
(Ficedula hypoleuca) feeding many young were
less likely to return to the study area than those
feeding fewer young (Askenmo 1979). Lack
(1966) and Kluyver (1970) present evidence
suggesting an inverse relationship between
brood size and parental survivorship. De Ste-
ven (1980), however, did not find a reduction
in the survivorship of female Tree Swallows
(Iridoprocne bicolor) as a result of brood en-
largement. Smith (1981), after demonstrating a
positive association between reproductive ef-
fort and survivorship, concluded that a trade-
off between fecundity and survivorship should
not be assumed for passerine birds.

The longevity and mobility of birds usually
prevents a precise determination of mortality
rates for individuals with a known reproduc-
tive history. If dispersers are a nonrandom
sample of the population (Lowther 1979), then
estimates of survivorship based on individuals
staying at or returning to the study area will
be biased. As a consequence, the effect of re-
production on survivorship is often estimated
from physiological evidence. Weight losses for
females through the breeding season suggest a
physiological strain that may reduce survivor-
ship (Newton 1966, Hussell 1972, Bryant 1979).
For female House Sparrows (Passer domesticus),
Pinowska (1979) has shown that levels of fat
influence clutch size, while lean dry weight (an
indicator of protein level) may determine the
number of broods raised in a season. Norberg
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(1981) presented the hypothesis that adult
weight losses during breeding may be adap-
tive. This would be true if the reduced cost of
collecting food for the nestlings increases
fledgling numbers more than it reduces sur-
vivorship and future fecundity.

Birds that raise more than one brood in a
season may be expected to show differential
reproductive effort and productivity through
the breeding season. There is a higher proba-
bility of surviving from one brood to the next
during the breeding season than from the last
brood of one season to the following spring.
An increase in the level of reproductive effort
would be expected as the probability of sur-
viving to the next breeding attempt decreases.
There is some evidence that high levels of re-
productive effort lower the ability of females
to invest in a subsequent brood. For Great Tits
(Parus major), Kluyver (1963) found a lesser
probability of a second brood if the first was
large. Pinkowski (1977) noted a drop in the
clutch size of second broods for Eastern Blue-
birds (Sialia sialis) that raised a large first brood,
and Smith and Roff (1980) found that an in-
crease in the interbrood interval was associated
with a large first brood for Song Sparrows (Me-
lospiza melodia).

In this study I look at the productivity of
multibrooded House Sparrows through the
breeding season and address two questions.
First, is there variation in the productivity of
successive broods within the breeding season
associated with brood size in earlier broods (is
there a demonstrable within-season cost as-
sociated with reproduction)? Second, do adults
modify their reproductive effort in accordance
with seasonal changes in the probability of re-
nesting and surviving?

METHODS AND MATERIALS

Study site.—In 1977, the study areas were six farms
near Conrich, Alberta, 5 km east of Calgary. For 1978,
all data were collected at one of these farms, 8 km
east of Calgary. At each of the farms, about 20 nest
boxes were erected in fall 1974 (see Murphy 1978 for
details). As well as nesting in boxes, the sparrows
used buildings, machinery, and trees. At the farm
studied both years, nests built in trees were moni-
tored in addition to those in nest boxes.

Data collection.—Nests were inspected at 3-5 day
intervals from 2 May to 15 August 1977 and from 20
April to 13 August 1978. If weather conditions per-
mitted, a 3-day interval was maintained. Eggs were

[Auk, Vol. 100

counted and numbered. Nestlings 5-6 days old were
banded with a U.S. Fish and Wildlife Service alu-
minum leg band and color marked with leg bands
after reaching a 20-g weight.

Data analysis.—Because the nests were not checked
every day, exact clutch-initiation data and nestling
ages were not known for all nests. For these cases,
estimates were used. Nestling age when first found
was estimated by comparing the weight of the largest
nestling in a brood to average values obtained from
broods of known age. Clutch-initiation date was es-
timated by assuming an average incubation period
of 11 days and a laying rate of one egg per day
(McGillivray 1978). This estimate was needed only
for clutches begun before my arrival at the study area.

In this study I investigated the productivity from
multiple broods of a pair; hence, I made the general
assumption that broods raised at a single nest through
the breeding season were raised by the same pair.
House Sparrows usually remain at the same site un-
less one of the pair dies (Summers-Smith 1963). To
reduce the importance of this potential source of error,
I imposed some residency conditions. If a tree nest
was extensively modified following a nesting at-
tempt, I assumed that a new pair was nesting. The
average interval between successive clutch initia-
tions for first through third clutches for each brood
size was determined. Ninety five percent prediction
intervals were calculated for each clutch-interval,
brood-size combination. Nests where the interclutch
interval fell outside these limits were excluded from
further analyses.

The interval between the departure of the last nest-
ling and the initiation of the next clutch is called the
interbrood interval. The date of fledgling departure
was considered to be the midpoint of the interval
between the last observation of the nestlings and the
first nest check after departure. Fledging is a gradual
process, so a departure date is only an approximate
measure. Paired comparison f-tests were used to
compare the mean interbrood interval of successive
broods and different nest types.

For the investigation of the effects of one brood on
the next breeding attempt, data for the two years
were pooled. Pooling requires trends to be consistent
over the two years in order for the trends to be de-
tected, and productivity for both years was similar
except for the first broods. The strength of trends
associated with brood size was measured by Pear-
son’s product-moment correlation coefficient, r. Al-
though significance levels were determined for r,
paired variables were not tested for bivariate normal-
ity. Nonetheless, 7 is a useful indicator of trend.

This analysis assumes that fledglings of equal
weight contribute equally to parental fitness. This
assumption may not be valid for a species with a
long breeding season. Dyer et al. (1977) published
the following survivorship equation for juvenile
House Sparrows (from Summers-Smith 1963); Y =
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TasLE 2. Interbrood interval (days).
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TaBLe 3. Relationship between fledgling production and measures of reproductive effort (and standard

error) for each brood.

Number Nestling period Breeding attempt
fledged Clutch size® Fledgling weight length (days)* length (days)*®
Brood 1
0 4.68* (0.06) — 2.82* (0.25) 26.32** (0.60)
1 481 (0.17) 24.52 (0.48) 13.03 (0.50) 33.32  (0.55)
2 450 (0.13) 25.47 (0.35) 13.56 (0.41) 35.73  (0.31)
3 4.87 (0.10) 25.21 (0.36) 13.58 (0.28) 36.65 (0.52)
4 5.29 (0.11) 24.30 (0.39) 13.77 (0.36) 37.23 (0.55)
5 5.58 (0.15) 23.74 (0.45) 13.91 (0.72) 37.80 (1.08)
6 6.00  (0.00) 27.84 (0.00) 15.00 (0.00) 39.00  (0.00)
Brood 2
0 4.95* (0.08) — 2.28* (0.27) 24.00** (0.88)
1 496 (0.19) 25.78 (0.64) 12.41 (0.55) 33.94 (0.84)
2 5.13  (0.11) 26.57 (0.36) 12.31 (0.30) 35.72  (0.66)
3 5.20 (0.09) 26.17 (0.35) 12.90 (0.26) 37.46  (0.56)
4 5.37  (0.10) 25.07 (0.38) 12.76 (0.52) 36.03 (0.51)
5 5.45 (0.11) 24.96 (0.63) 13.23 (0.50) 39.03 (0.98)
6 6.00  (0.00) 25.75 (3.50) 14.50 (2.50) 43.00 (0.00)
Brood 3
0 4.59* (0.10) — 2.06 (0.27) 23.44  (1.03)
1 5.00 (0.25) 26.20 (0.83) 12.08 (0.57) 37.00 (3.50)
2 450 (0.19) 26.64 (0.52) 11.74 (0.51) —¢
3 4.89 (0.14) 26.80 (0.42) 11.97 (0.32) 37.25  (1.70)
4 519  (0.09) 26.77 (0.41) 12.67 (0.32) 35.80  (1.96)
5 5.25 (0.11) 26.05 (0.58) 12.57 (0.80) 33.60  (0.68)
6 6.00 (0.00) 25.42 (0.00) 13.00 (0.00) —*
Brood 4
0 422 (0.17) —_ 1.87 (0.50) —
1 4.67  (0.42) 26.65 (0.83) 10.67 (1.10) —
2 4.20 (0.26) 24.76 (1.74) 10.50 (0.87) —
3 480 (0.37) 27.60 (0.72) 11.80 (0.58) —
4 5.00  (0.00) 24.31 (1.31) 13.50 (1.50) —

2* = correlation with the number of fledglings significant at P < 0.05.

** = correlation with the number of fledglings significant at P < 0.01.
® Interval between successive clutch initiations.
“ No subsequent clutch inijtiated.

High fledgling output from first broods is un-
usual for House Sparrows in this area (Mu rphy
1977), because cold weather, rain and snow are
common throughout May (McGillivray 1981b).

That the interval between the fledging of a
brood and the initiation of the next clutch (in-
terbrood interval) increases as the number
fledging increases is shown in Table 2. The
longer interval between second and third
broods compared to the interval between first
and second broods implies that the physiolog-
ical costs of breeding are cumulative. Sample
sizes for the third to fourth brood interval are
too small to consider (<5), except for box nests
in 1977 that fledged no young in the third brood
(interbrood interval = 7.6 days, n = 17), where

an increase over the second to third interval is
observed. The longer interbrood interval for
pairs nesting in trees suggests that daily en-
ergy requirements are lower for box-nesting
females.

Why the physiological cost of nesting might
increase with the number of young fledged from
a brood is shown in Table 3. On the average,
females must expend energy laying additional
eggs, and the pair must spend a longer time
feeding the young in large broods. As brood
size increases, adult House Sparrows increase
the rate of feeding trips to the nestlings (Sum-
mers-Smith 1963, Seel 1969, Sappington 1975,
McGillivray 1981a), and, at least for these two
years, average fledging weight does not change
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TaBLe 4. Relationship between the number of
fledglings produced and productivity in the sub-

TaBLE 5. Modal number fledged in each brood for
pairs grouped by seasonal total fledgling produc-

sequent breeding attempt.

tion.

Proba- Seasonal total fledgling production
bility of
starting Brood 1-2 34 5-6 78 910 >10
Number Clutch Number  next
fledged n size  fledged clutch % %8 28 38 ig gg ig
2 00 g @ d 4r i
0 234 5.10 1.69 0.70 ’ : : : : :
1 38 5.48 2.36 0.82
2 61 5.21 2.23 0.77
3 81 5.06 2.07 0.84
4 56 5.10 1.88 0.73 broods, I compared third and fourth brood
5 14 5.40 1.60 0.71 productivity with summed fledgling totals from
6 1 4.00 0.00 1.00 all previous broods. For pairs fledging at least
Brood 1 and Brood 2 Brood 3 one young, the summed fledgling production
0 41 4.63 1.22 0.60 from broods 1 and 2 is negatively correlated
213 ;g Zgi %gg 8% with the number fledging in brood 3 (Table 4,
45 65 4.83 154 0.69 r = —0.81, 4 df, 0.05 <P < 0.10). Again, the
6-7 37 4.51 1.46 0.51 probability of renesting and the average clutch
8-9 12 5.00 0.50 0.75 size are not related to productivity earlier in
>9 1 5.00 0.00 1.00 the season. ’
Broods 1, 2, and 3 Brood 4 There is a nonsignificant, negative relation-
0 7 4.00 1.14 0.22 ship between total productivity in broods 1, 2,
1-3 18 4.78 0.50 0.41 and 3 and the average number fledging in brood
[;:g Zg i%g (1)2(2) 8%‘; 4 (Table 4). The probability of initiating a sub-
10-12 2 4.00 0.50 0.15 sequent brood has dropped from the previous

with brood size. Although thermoregulatory
costs should be lower for nestlings in larger
broods, these are unlikely to offset the extra
feeding demands on parents created by more
nestlings.

For the combined breeding seasons 1977 and
1978, pairs that showed higher productivity
from the first clutch tended to have lower out-
put from the second clutch (Table 4). For pairs
that fledged at least one young from the first
brood, there is a negative correlation between
the number fledged in brood 1 and the number
fledged in brood 2 (r = —0.85, 4 df, P < 0.05).
The class containing pairs fledging no young
was excluded from analyses because of its het-
erogeneity. It includes a range from pairs rais-
ing young to near fledging to others losing
clutches before hatching. The probability of
starting a second clutch and the size of second
clutches are uncorrelated with the number of
fledglings from brood one.

Because the interbrood interval data sug-
gested that physiological strain is additive over

two comparisons and is lowest for pairs with
the highest fledgling numbers from the pre-
vious three broods.

When the fledgling data from the three com-
parisons (broods 1 vs. 2; 1 and 2 vs. 3; and 1,
2, and 3 vs. 4) are combined and standardized
by transformation to Z-scores, previous pro-
ductivity is shown to be negatively correlated
with future productivity (r = —0.63, 14 df, P <
0.05).

The strong negative relationship between first
and second brood productivity is reflected in
the distribution of fledgling production over
the breeding season. Table 5 demonstrates that
the highest fledgling totals were achieved by
pairs with high post-first-brood productivity.

A prediction from life-history theory is that,
unless the raising of last broods lowers adult
survivorship, reproductive effort should be
higher for that brood than for broods earlier in
the season. Last broods, as defined here, in-
clude fourth broods and third broods after
which no fourth clutch was initiated. Because
no physiological measures were made, only in-
direct estimates of effort can be used. Table 6
demonstrates that, for four possible indicators
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TABLE 6. Measures of reproductive effort (and standard error) by pairs for broods after which fourth clutches
were initiated, third broods that were last broods and fourth broods.

Third broods

Variable Not last Last Fourth broods
Clutch size 4.83 (0.10) 4.74 (0.07) 4.36 (0.13)
Number fledged 2.93 (0.18) 2.78 (0.13) 2.11 (0.23)
Fledgling weight (g) 26.54 (0.40) 26.48 (0.25) 26.01 (0.65)
Nestling period (days) 12.36 (0.37) 11.70 (0.25) 11.22 (0.48)

of reproductive effort, average values for third
broods that are also last broods are not signif-
icantly different from those of third broods af-
ter which a fourth clutch was laid. There is also
no evidence of enhanced effort for fourth
broods.

DiscussioN

These data suggest that the trade-offs and
the theory required to account for them are dif-
ferent for single and multibrooded species. An
inverse relationship between present and fu-
ture fecundity is suggested but not as a func-
tion of reduced survivorship. Rather, high pro-
ductivity delays the initiation of the following
clutch and is negatively correlated with pro-
ductivity from future clutches.

Two studies (Schifferli 1976, Pinowska 1979)
have monitored the physiological condition of
adult House Sparrows through the breeding
season. For females, fat level drops during egg
laying, is partially replaced during incubation,
drops again during the nestling period, and
presumably is restored in the interbrood in-
terval. Protein level drops gradually through
the breeding season. Pinowska (1979) found
that clutch size was correlated with fat level
and the number of clutches initiated in a sea-
son was limited by protein level. For males, fat
level drops during the nestling period and is
replenished in the interbrood interval.

These two studies suggest that, after com-
pleting a brood, both sexes of a pair fledging
many young would have lower fat levels than
those of a pair fledging few young. The lower
fat level should result in either a smaller clutch
size or a longer delay in the initiation of the
subsequent clutch. My observations show that
clutch size is not affected by previous produc-
tivity but subsequent clutch initiations are de-
layed. The longer interval between second and
third broods compared to that between first and

second broods indicates a cumulative physio-
logical effect of the first two broods. This effect
is suggested by Pinowska’s observations (1979)
of protein levels and by the reduced survivor-
ship of double-brooded House Martins found
by Bryant (1979).

The longer interbrood interval for pairs us-
ing tree nests supports other observations
(Murphy 1978, McGillivray 1981b) showing that
box nests are superior nest sites. A warmer mi-
croclimate (Mertens 1977) would reduce nest-
ling thermoregulatory costs, and a reduction in
the need for nest maintenance would facilitate
renesting in boxes.

While the tree-versus box-nest comparisons
provide appealing evidence for physiological
correlates of reproductive costs, they point out
a problem in the evaluation of reproductive ef-
fort. If nest-site selection can modify the cost
of raising young, then other factors such as
weather, distance to food sources, time of clutch
initiation, and parental age and size are also
likely to modify the reproductive effort asso-
ciated with raising a brood of fixed size. The
importance of factors other than productivity
may provide a partial explanation for the con-
tradictory results obtained in previous studies
of the trade-off between reproductive effort and
survivorship in passerines (Bryant 1979, As-
kenmo 1979, De Steven 1980, Smith 1981).

There is no simple physiological hypothesis
to account for reduced productivity from pairs
fledging many young. Because clutch size and
the probability of renesting are generally un-
related to previous productivity, the cost of re-
production is felt by parents during the incu-
bation and nestling period. While the nestling
period is considered highly demanding (Rick-
lefs 1973), much of the evidence (particularly
weight losses for adults) is now questionable
(Norberg 1981).

There is no evidence from the data that re-



January 1983]

productive effort increases as the probability
of surviving to the next breeding attempt de-
creases. As mentioned earlier, however, only
partial estimates of reproductive effort are pos-
sible. Pinowska (1979) felt that breeding in
House Sparrows followed a cyclical pattern in
which a pool of resources is alternatively tapped
and partially replenished until depleted below
a critical point and breeding ceases. Hence,
second, third, and fourth broods are initiated
only by females that possess sufficient re-
sources. Last broods, which should show en-
hanced reproductive effort according to life-
history theory, might, in fact, show evidence
of physiological strain. Seasonal differences
make comparisons among broods difficult to
interpret, but the comparison between third
broods that were last broods and third broods
after which a fourth clutch was initiated is re-
vealing. Table 6 indicates that, while none of
the chosen measures of effort is different be-
tween groups, the direction of difference al-
ways suggests lower resource levels for pairs
raising last broods.

A reviewer pointed out that life-history
theorists consider ultimate causes, but field
workers are forced to explain proximate rea-
sons for phenomena such as clutch size, num-
ber of breeding attempts per season, and sur-
vivorship. The lack of concordance between
theory and field observations (Smith 1981, this
study), while perhaps an indictment of the the-
ory, is equally likely to be the result of failure
to control and account for proximate variation.
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GENIC VARIATION, SYSTEMATIC, AND
BIOGEOGRAPHIC RELATIONSHIPS OF
SOME GALLIFORM BIRDS

R. J. GuTiERREZ,! ROBERT M. ZINK, AND SUH Y. YANG?
Museum of Vertebrate Zoology, University of California, Berkeley, California 94720 USA

ApsTRACT.—Starch gel electrophoresis was used to evaluate levels and patterns of genic
differentiation among 10 species of galliform birds in the Phasianidae (9) and Tetraonidae
(1). The phasianids included an Old World quail, a partridge, a pheasant, and six species
of New World quail. Measures of within-species genetic variation included heterozygosity,
percentage polymorphic loci, and number of alleles per polymorphic locus. These values
were similar to but lower than those reported for other birds. Genetic distances among
conspecific populations and among congeneric species were low compared to other avian
results. Genetic distances among noncongeners both within and between families were
considerably higher, however, than those reported for passerine birds. Thus, more studies
of levels of genic differentiation among nonpasserines are required to complement the lit-
erature on genic divergence among passerines and to enable us to make general statements
about genic evolution in birds.

Phenograms and phylogenetic trees suggested that Phasianus colchicus, Tympanuchus pal-
lidicinctus, Coturnix coturnix, Alectoris chukar, and the New World quail (Odontophorinae)
are genically distinct taxa. The branching sequence among the non-Odontophorine taxa is
unresolved by our data. The branching order among taxa in the Odontophorinae from a
common ancestor is: Cyrtonyx montezumae, Oreortyx pictus, Colinus virginianus, Callipepla
squamata, Lophortyx gambelii, and L. californicus. The genera Cyrtonyx, Oreortyx, and Colinus
are clearly distinct from Callipepla and Lophortyx, which are quite similar to each other
genically.

We use a fossil species from the mid-Miocene of Nebraska to calibrate our genetic dis-
tances. We estimate dates of divergence of taxa in the Odontophorinae and offer a hypothesis
on their historical biogeography. Our analysis suggests that three east-west range disjunc-
tions could account for the origin of Oreortyx (12.6 MYBP), Colinus (7.0 MYBP), and Calli-
pepla-Lophortyx (2.8 MYBP). We suggest that L. californicus and L. gambelii should be con-
sidered distinct species because of an apparent lack of panmixia in zones of sympatry, even
though the D between them is typical of that found between subspecies of other birds.
Oreortyx and Colinus should remain as distinct genera, while our data are equivocal on the
status of Callipepla and Lophortyx.® Received 9 March 1982, accepted 5 July 1982.

ALLOZYME electrophoresis has been used less
frequently to examine genetic variation within
and among groups of birds than in other ver-
tebrates (see review in Nevo 1978). Some
workers have examined patterns of intraspe-
cific genic variation in passerines (e.g. Barrow-
clough 1980, Johnson and Brown 1980, Corbin
1981, and references therein), and a few have

! Present address: Department of Wildlife Man-
agement, Humboldt State University, Arcata, Cali-
fornia 95521 USA.

? Present address: Department of Biology, Inha
University, Inchon, Korea.

* Lophortyx has been merged with Callipepla in the
Thirty-fourth Supplement to the American Orni-
thologists’ Union check-list of North American Birds
[Auk 99 (3, Suppl.): 5CC].
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examined avian intrafamilial relationships (e.g.
Barrowclough and Corbin 1978, Avise et al.
1980a—c). They have found that passerine birds
possess considerably lower levels of genic
(= allozymic) differentiation than other verte-
brate taxa, at comparable taxonomic levels.
Several workers have compared the level of
genic divergence and taxonomic rank for var-
ious vertebrate and invertebrate taxa (e.g. Ay-
ala 1975, Avise et al. 1980b). Barrowclough et
al. (1981) present similar data for birds but dis-
cuss reasons why comparisons across different
groups of organisms may be inappropriate;
these include taxonomic artifacts [e.g. avian,
mammalian, and reptilian genera may not be
comparable because of the way in which tax-
onomists partition variation (Sibley and Ahl-

The Auk 100: 33—47. January 1983
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quist 1982)] and differences in rates of evolu-
tion, mating systems, effective population sizes,
recency of common ancestry, and dispersal pa-
rameters. Whether or not low levels of genic
divergence typify birds as a group is unclear,
because only Barrowclough et al. (1981) studied
a nonpasserine taxon. They found higher levels
of differentiation among some procellariiform
taxa than those usually found among passer-
ines. Because the levels of genetic differentia-
tion are sometimes used to make inferences
about evolutionary processes (Avise et al. 1980c,
Templeton 1980), we clearly need additional
studies of nonpasserines before we can make
general statements about genic evolution in
birds.

The patterns of genic differences can also be
used to infer phylogenetic relationships (e.g.
Barrowclough and Corbin 1978, Zink 1982). In
this paper we examine levels of genic variation
and phylogenetic relationships among 10
species from 5 of 10 genera of New World quail,
an Old World quail, a partridge, a pheasant,
and a grouse. We use our phylogenetic hy-
pothesis to construct an estimate of the evo-
lutionary history of some New World quail.
We also evaluate previous statements about the
taxonomic relationships of these galliform
birds.

MATERIALS AND METHODS

We examined 217 specimens of galliform birds
representing 10 species. Species, localities, sample
sizes, and the taxonomic framework used in this pa-
per are given in Appendix 1. Nomenclature follows
the A.O.U. check-list (1957, 1973).

Liver, heart, and kidney tissue were excised in the
field within 4 h of death and frozen in liquid nitro-
gen. Tissues were homogenized using the methods
of Selander et al. (1971), and extracts were stored at
—76°C until used for electrophoresis. Combined tis-
sue extracts were subjected to horizontal starch gel
electrophoresis as described by Selander et al. (1971).
Gel and buffer systems for the loci listed in Appendix
2 were essentially the same as those described by
Yang and Patton (1981). More detailed information
regarding electrophoretic conditions is available from
the authors.

We assume that our electrophoretically detectable
variants (= electromorphs) at a locus differ geneti-
cally; hence, we refer to them as alleles. Alleles at a
locus were coded by their mobility from the origin.
The most anodal allele was designated as a, with
slower alleles denoted as b, ¢, d, etc. Isozyme no-
menclature follows Yang and Patton (1981). Hetero-
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zygosity (H) was defined as the number of hetero-
zygous genotypes recorded in a sample divided by
the product of the number of loci and the number of
individuals assayed (see Corbin 1981 for a discussion
of calculating H). Estimates of percentage polymor-
phism were based on the number of loci having more
than one allele divided by the total number of loci
(27) examined.

The measures of Nei (1978) and Rogers (1972) were
used to estimate genetic distances between taxa.
Cluster analyses, summarizing the matrix of Rogers’
D-values, were performed with both the unweighted
and weighted pair-group methods, using arithmetic
means (UPGMA and WPGMA, respectively). The co-
phenetic correlation coefficient, .., was used to eval-
uate how well the resultant phenograms represent
the original distance matrix. Sneath and Sokal (1973)
provide details on these phenetic methods. Phylo-
genetic trees, also based on Rogers’ D-values, were
constructed according to the methods of Farris (1972;
Wagner trees) and Fitch and Margoliash (1967; F-M
trees). The Wagner tree is an approximation of the
most parsimonious tree. The F-M procedure con-
structs a number of trees by altering the branching
structure and branch lengths. Alternative trees were
evaluated by the percentage standard deviation (%SD)
and by the number of negative branches (the fewer
the better). A lower %SD means a better fit of dis-
tances implied by the tree to the original distance
matrix (Fitch and Margoliash 1967). A cladistic anal-
ysis, sensu Hennig (1966), using alleles as character
states (see Wake 1981), basically corroborated the
above methods. The allele in T. pallidicinctus (Te-
traonidae) was considered “primitive” when com-
paring the pattern of allele distribution in the re-
maining taxa (Phasianidae), i.e. T. pallidicinctus was
used as an “outgroup” to the phasianids.

REesuLTS

Protein variation.—Twenty structural pro-
teins and enzymes encoded by 27 presumptive
genetic loci were examined in all individuals.
Allelic frequencies for the 23 variable loci, per-
centage polymorphism and heterozygosity, and
number of alleles per polymorphic locus are
given in Appendix 2. Four loci (Mdh-1, Mdh-
2, Lap, Pt-1) were monomorphic and fixed for
the same electromorph across species. Seven
loci (aGpd-1, Got-2, Udh, Gdh, Ldh-1, Ldh-2,
Pept-2) were monomorphic within species but
exhibited interspecific differences. The re-
maining loci were polymorphic in some species
and also showed interspecific fixed differences.

We exclude the laboratory strains of Coturnix
and Alectoris from discussions of within-species
variation, because these levels of variation may
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TaBLE 1.

Genic Variation in Galliforms

of Nei (1978) above diagonal and Rogers (1972) below diagonal.
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Matrix of genetic distances between 17 taxa of galliform birds. Distances computed by methods

Species

Species 1 2 3 4 5 6 7
1. Tympanuchus pallidicinctus — 1.041 1.308 1.291 1.326 1.201 1.483
2. Phasianus colchicus 0.649 — 1.446 1.282 1.310 1.172 1.654
3. Coturnix coturnix A 0.721 0.749 — 0.064 0.059 1.185 1.340
4. C. coturnix B 0.713 0.714 0.109 — 0.056 1.136 1.209
5. C. coturnix C 0.729 0.721 0.086 0.101 — 1.190 1.346
6. Alectoris chukar 0.695 0.682 0.685 0.665 0.689 — 0.962

7. Lophortyx gambelii 0.769 0.799 0.725 0.692 0.730 0.616 —
8. L. californicus A 0.773 0.797 0.728 0.690 0.730 0.617 0.028
9. L. californicus B 0.774 0.801 0.732 0.694 0.734 0.617 0.032
10. L. californicus C 0.768 0.795 0.727 0.688 0.728 0.610 0.037
11. Callipepla squamata A 0.773 0.758 0.752 0.727 0.761 0.652 0.106
12. C. squamata B 0.764 0.750 0.742 0.720 0.752 0.644 0.106
13. Colinus virginianus A 0.770 0.732 0.741 0.741 0.753 0.687 0.262
14. C. virginianus B 0.772 0.729 0.739 0.738 0.751 0.687 0.262
15. Oreortyx pictus 0.808 0.764 0.751 0.744 0.760 0.649 0.348
16. Cyrtonyx montezumae A 0.744 0.731 0.746 0.737 0.754 0.684 0.497
17. C. montezumae B 0.735 0.727 0.742 0.734 0.751 0.680 0.492

TasLe 1. Continued.
Species

8 9 10 11 12 13 14 15 16 17
1.495 1.495 1.475 1.493 1.476 1.487 1.495 1.668 1.364 1.335
1.627 1.646 1.617 1.430 1.419 1.342 1.331 1.476 1.334 1.326
1.340 1.343 1.330 1.448 1.429 1.393 1.389 1.450 1.416 1.407
1.204 1.216 1.192 1.339 1.345 1.423 1.413 1.433 1.399 1.390
1.327 1.335 1.312 1.467 1.449 1.427 1.421 1.468 1.435 1.425
0.967 0.966 0.947 1.071 1.054 1.184 1.189 1.056 1.170 1.158
0.005 0.007 0.008 0.089 0.082 0.295 0.295 0.410 0.671 0.653
— 0.000 0.000 0.115 0.100 0.301 0.298 0.418 0.640 0.624
0.013 — 0.000 0.121 0.102 0.306 0.304 0.421 0.634 0.617
0.019 0.015 — 0.120 0.103 0.308 0.306 0.431 0.641 0.623
0.129 0.130 0.131 — 0.003 0.258 0.262 0.491 0.664 0.645
0.125 0.117 0.126 0.022 — 0.241 0.244 0.473 0.613 0.593
0.274 0.276 0.280 0.244 0.229 — —0.002 0.538 0.478 0.462
0.273 0.277 0.283 0.252 0.237 0.015 — 0.540 0.463 0.448
0.355 0.354 0.367 0.400 0.391 0.424 0.427 — 0.746 0.744
0.479 0.476 0.479 0.493 0.473 0.395 0.385 0.533 — 0.001

0.476 0.472 0.472 0.483 0.463 0.389 0.383 0.533 0.018 —

have been affected by prolonged captivity. The
average proportion of polymorphic loci for the
wild species is 14.5% (range 0-29.6%). H is
2.6% and ranges from 0 to 5.1% (Appendix 2).
The values of H, percentage polymorphic loci,
and number of alleles per polymorphic locus
are similar to but lower than those reported for
other groups of birds (Barrowclough and Cor-
bin 1978, Avise et al. 1980a, Zink 1982).
Interspecific genetic distance.—The matrix of
genetic distances between taxa is given in Ta-

ble 1. A summary (Table 2) of genetic distance
as a function of various taxonomic groupings
shows that D increases as taxonomic group-
ings become more inclusive, at least to the
subfamily level. This suggests that the taxo-
nomic groupings are “biologically real,” based
on our genetic analysis. Levels of D for other
avian taxa are also shown in Table 2 for com-
parison with the galliform D’s.

At the local population level, the galliforms
sampled here show less differentiation (D =
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Fig. 1.

UPGMA phenogram derived from the matrix of Rogers’ D-values (Table 1). Geographic localities

given in Appendix 1. Time scale determined from the formula t = 26.3 X 10°D; see text.

0.0007) than other birds, although this may be
due to the close proximity of some of the sam-
ples (Appendix 1). The D-value between L.
gambelii and L. californicus, 0.0067, is similar to
that observed between subspecies of other birds
[0.0048 + 0.0049 (Barrowclough 1980)], but it is

TABLE 2.

only slightly below the range given by Barrow-
clough, 0.0078-0.1267, for congeneric species.
The D between noncongeneric species in the
Odontophorinae, 0.412, is considerably less
than the D between these and the other pha-
sianids, 1.32. Both of these values are greater

Mean genetic distance (Nei 1978) as a function of taxonomic rank in some galliform birds. Taxa

included in each taxonomic level are given in Appendix 1. D-values from Table 1. Also given are D-values
at comparable taxonomic levels for other birds (from Barrowclough 1980).

Number
of
compari- B Comparable data
Taxonomic level sons D +SD Range for other birds
Local population 6 0.0007 + 0.0013  —0.00151 to 0.00331 0.0024 + 0.0028
Congeneric species (Lophortyx) 3 0.0067 £ 0.0014 0.00507 to 0.00775 0.0440 + 0.0220
Noncongeneric species in
Odontophorinae 46 0.4116 + 0.2021 0.0824 to 0.7460 0.2136 = 0.1659

Species in Odontophorinae vs.
Phasianus colchicus, Coturnix

coturnix, and Alectoris chukar 62
Tympanuchus pallidicinctus

(Tetraonidae) vs. all

other species (Phasianidae) 16

1.3210 £ 0.1640

1.4000 % 0.1500

0.962 to 1.654 not available

1.041 to 1.668 0.6829* + 0.1970

“ Based on study by Barrowclough et al. (1981) of some procellariiform birds.
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Fig. 2. Wagner tree based on Rogers’ D-values. Branch lengths in units of Rogers’ D (X10). The tree is

“rooted” at T. pallidicinctus (Farris 1972).

than that given by Barrowclough (1980) for oth-
er avian confamilial but noncongeneric com-
parisons (D = 0.2136), suggesting that the
Odontophorinae is a distinct group. At the
family level, the D observed between T. palli-
dicinctus (Tetraonidae) and the other species (all
in Phasianidae), 1.400, is approximately twice
the D reported for interfamilial comparisons of
other birds (0.6829).

Genic relationships among species.—For two
reasons, phenetic (UPGMA and WPGMA) and
cladistic (Wagner and F-M) procedures were
used to construct branching diagrams (Figs. 1-
3). First, we wanted to determine whether or
not the branching structure was dependent on
which methods were used (see Presch 1979).
Second, the methods for constructing trees, as
opposed to phenograms, are independent of
the assumption of homogeneity of evolution-
ary rates and, hence, provide estimates of the
amount of genic change along branches; Fel-
senstein (1978) discusses these assumptions for
Wagner trees.

The UPGMA and WPGMA phenograms had
equal r..’s (0.99) and were topologically simi-
lar; therefore, only the UPGMA phenogram is

shown (Fig. 1). The Wagner (Fig. 2) and F-M
(Fig. 3) trees resemble Fig. 1 in terms of the
overall relationships suggested. Differences
among these three analyses suggest to us that
the branching sequence of the subfamilies,
while themselves genically distinct in all anal-
yses, is unresolved by this analysis. That is,
we do not believe that a clear hypothesis of the
branching order of the subfamilies emerges
from our data. The level of differentiation and
the branching diagrams show considerable di-
vergence, at the structural gene level, among
these galliform birds. The branching sequence
of taxa within the Odontophorinae was iden-
tical in all branching diagrams; therefore, we
feel that it is a robust result.

The branching diagrams show that there is
considerable divergence among taxa within the
Ondontophorinae, and we now discuss rela-
tionships in that group. Given the patterns in
Figs. 1-3, it seems unlikely that the level of
divergence among local populations would be
sufficient to alter among-species patterns es-
tablished here. Thus, we doubt that an analysis
of geographic variation, not addressed here,
would alter our conclusions, which follow. Lo-
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two trees, of four examined, best summarized the original matrix, as judged by the values of the percentage
of standard deviation and the number of negative branches. These trees, as well as those in Figs. 1 and 2,
show that alternative hypotheses exist regarding the branching sequence of the five subfamilies.

phortyx gambelii and L. californicus, the only
congeners in our study, consistently cluster to-
gether—the only genetic differences we found
between them are minor gene frequency dif-
ferences (Appendix 2). Lophortyx and Callipe-
pla are the most similar pair of genera in our
sample of Odontophorinae. The other genera
in the subfamily, Colinus, Oreortyx, and Cyr-
tonyx, are each genically distinct, as evidenced
by the level of separation on phenograms and
branch lengths on F-M and Wagner trees. At
aGpd-1, all members of the Odontophorinae
are fixed for the same, apparently derived al-
lele. Various groups of taxa in the subfamily
are fixed for alleles not found in any non-
Odontophorine taxon at Udh, Pept-1, Pept-2,
and Est-2. The relationships among P. colchi-
cus, C. coturnix, C. virginianus, L. gambelii, and
L. californicus are similar to those suggested by
Jolles et al. (1979) based on lysozyme sequence
data.

Discussion

Levels of genetic differentiation.—It is fairly
well established that genetic differentiation
among passerine taxa is low relative to other
vertebrates (Avise et al. 1980c, Barrowclough
et al. 1981). The reasons for this are unclear (see

Sibley and Ahlquist 1982, Avise et al. 1980c).
We believe that the most reasonable compari-
sons involve congeneric, interspecific levels of
differentiation, when comparing across verte-
brate classes (Zink 1982). Avian species limits
are usually clearly defined, whereas higher
taxonomic categories are far more arbitrary, es-
pecially across vertebrate classes. Thus, it is
important to note that passerine congeners
show little genic differentiation. Research
should address this problem rather than dif-
ferences between intergeneric or familial levels
of genic divergence across vertebrate classes.
Unfortunately, our only congeneric compari-
son, L. gambelii-L. californicus, is between
probable sibling species.

Within a major vertebrate classes, compari-
sons of equivalent taxonomic levels above the
species level may be more appropriate. The
demonstration (Barrowclough and Corbin 1978,
Barrowclough et al. 1981, Zink 1982, this study)
that avian genetic distances increase as the
taxonomic unit compared is more inclusive
suggests that the taxonomic hierarchy reflects
biological, or phylogenetic, units. We found
that, at the generic and family levels, the gal-
liforms are considerably more differentiated
than passerine taxa (Table 2). We clearly re-
quire more comparisons of nonpasserine taxa
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before we will understand whether or not non-
passerines present a different pattern from that
of passerines. For example, the genetic dis-
tances we observed may be among the highest
found in nonpasserines, but this remains to be
documented.

Rates and dates of divergence.—The branch
lengths of the Wagner (Fig. 2) and F-M (Fig. 3)
trees can be interpreted as rough estimates of
“rates” of genic divergence, thereby indicating
lineages that have changed faster or slower rel-
ative to other lineages. Rates are averages across
loci. The branch lengths (rates) in Figs. 2 and
3 appear homogeneous, although with missing
extant taxa this is difficult to judge, because
additional taxa might have evolved at different
rates than the taxa we sampled. The branch
lengths (Fig. 2) from the ““most recent common
ancestor’” to members of the Odontophorinae
range from 2.29 (to C. squamata) to 2.83 (to O.
pictus), and the mean (+SD) equals 2.59 + 0.17;
thus, we suggest that evidence of rate hetero-
geneity is lacking among these taxa.

Nei’s measure of genetic distance can be
converted into approximate dates of diver-
gence between taxa (Nei 1975). Nei suggested
a “‘theoretical” conversion of t =5 X 10°D,
where ¢ is time since divergence from a com-
mon ancestor, and D is Nei's D-value. Yang
and Patton (1981) used this conversion to es-
timate divergence dates among Galapagos
finches. As Yang and Patton and Avise et al.
(1980c) noted, other attempts to calibrate
D-values (e.g. Sarich 1977) suggest that Nei's
calibration may be low (i.e. too rapid) by a
factor of four. Workers with other vertebrate
groups (e.g. Maxson and Maxson 1979) have
used the fossil record and independent esti-
mates from microcomplement fixation studies
to calibrate electrophoretic distances and di-
vergence times, and such studies have tended
to support Sarich (1977).

The fossil record of the galliforms allows what
amounts to the first independent calibration of
avian genetic distances. Several assumptions
are made in our calibration. First, based on our
reading of Holman’s (1961, 1964) extensive 0s-
teological analyses, we assume that the Odon-
tophorinae is a monophyletic group consisting
of two subgroups: the Odontophorus group
(consisting of Odontophorus, Dactylortyx, Cyr-
tonyx, and Rhynchortyx) and the Dendrortyx
group (containing Dendrortyx, Philortyx, Ore-
ortyx, Colinus, Callipepla, and Lophortyx). De-
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rived character states (synapomorphies) sup-
port the monophyly of the Odontophorinae and
each of the two subgroups.

Of interest here is Cyrtonyx cooki, an extinct
species from the mid-Miocene [16 million yr
before present (MYBP)] of Nebraska (Brodkorb
1964) and a congener of a species examined by
us (C. montezumae). We assume here that this
fossil belongs to the monophyletic lineage
Cyrtonyx, and it is neither from the Odontopho-
rine stock that pre-dated the Dendrortyx-Odon-
tophorus split, nor is it a primitive (pleiso-
morph) early member of the Dendrortyx group.
Thus, the age of C. cooki can be taken as a
conservative estimate of the age of the Cyrto-
nyx lineage, represented in our study by C.
montezumae. The average of D-values from C.
montezumae to its sister taxa in the Odontoph-
orinae (Fig. 1, Table .1), 0.609, is assumed to
represent minimally 16 million yr (MY). This
results in the following conversion: t = 26.3 X
10°D. We use this calibration to indicate pos-
sible dates of divergence among the taxa shown
in Fig. 1. We stress that this is a rough estimate
(but probably conservative), owing to the vari-
ance of genetic distances between taxa. It is the
first such approximation for an avian taxon.

Holman (1961) discussed a fossil, Lophortyx
shotwelli, from Umatilla County, Oregon. This
specimen is associated with mammalian re-
mains from the Hemphillian stage, dated at 6
MYBP (Savage pers. comm.). Holman noted that
this specimen possessed several characters un-
like modern Lophortyx, and therefore its po-
sition in the evolutionary history of Callipepla
and Lophortyx is uncertain. If this fossil is a
“good” member of either Callipepla or Lophor-
tyx, it would greatly alter our calibration of ge-
netic distances. For instance, our estimated date
of the divergence of Callipepla and Lophortyx,
2.8 MYBP, would necessarily be =6 MYBP, or
twice our present estimate. Prager et al. (1974)
suggested that phasianoid transferrins evolved
at a rate of 0.97/MY. Prager and Wilson (1976)
gave a transferrin immunological distance of 65
for P. colchicus-C. virginianus, or a divergence
date of 63 MYBP. Our data (D = 1.34) suggest
a divergence date of 35 MYBP. Unfortunately,
this is the only comparison in common be-
tween our study and Prager and Wilson's (1976).
It is of interest that their estimate of the diver-
gence date for these two taxa is twice ours and
in the same direction as our estimate would be
if L. shotwelli was a valid Lophortyx. Clearly,
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Fig. 4. Approximate breeding distributions (excluding introductions) of Oreortyx pictus, Colinus virgin-
ianus, Callipepla squamata, Lophortyx gambelii, and L. californicus. These species are all representatives of the
subfamily Odontophorinae. Ranges taken from Leopold et al. (1981).

the discrepancy in our estimates deserves fu-
ture attention, as does the phylogenetic posi-
tion of L. shotwelli. We conclude at this time
that Nei’s (1975) conversion factor given above
is probably low by a factor of five for the gal-
liforms studied here. We note also that many
assumptions, such as phylogenetic hypotheses
of fossil and recent forms, need to be tested.
Biogeography of the Dendrortyx group of the
Odontophorinae.—As mentioned above, the
Dendrortyx group of the Odontophorinae con-
sists of the genera Dendrortyx, Philortyx, Ore-
ortyx, Colinus, Callipepla, and Lophortyx. Al-
though we lack Dendrortyx and Philortyx in our
genetic analysis, we will use the phylogeny of
the remaining taxa and our approximate dating
of cladogenetic events (Fig. 1) to develop an
evolutionary perspective of the biogeography
of these taxa. Without an objective estimate of
phylogenetic relationships, it would be diffi-
cult to evaluate historical evolutionary patterns
among these New World quail given simply a
map of their current distributions (Fig. 4).
The earliest known fossil Odontophorinae are
from the early Oligocene of Saskatchewan, the

middle Oligocene of Colorado, and the lower
Miocene (approximately 20 MYBP) of South
Dakota (Brodkorb 1964). This suggests a fairly
widespread distribution of ancestral Odon-
tophorine stock. Therefore we will apply meth-
ods from vicariance biogeography (Nelson and
Platnick 1981) to generate our biogeographic
hypothesis. We assume first that the Dendror-
tyx and Odontophorus groups are distinct,
monophyletic lineages (discussed above) that
diverged at least 16 MYBP (middle Miocene).
Next, we assume that Dendrortyx and Philortyx
are primitive and/or have not affected the dis-
tribution of the remaining species. The re-
stricted distribution of Dendrortyx (México to
Costa Rica) and Philortyx (México) suggests
relict status and, therefore, “primitiveness.”
Based on their skeletal morphology, Holman
(1961) concluded that these two genera were
the most primitive members of the Dendrortyx
group. These assumptions obviously need
testing.

The remaining steps in our biogeographic
hypothesis are outlined diagrammatically in Fig.
5. The genetic data indicate that O. pictus orig-
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Fig. 5. Diagrammatic representation of hypo-
thetical stages in the evolution of species shown in
Fig. 4. Because historical ranges are unknown, ranges
should not be interpreted strictly. The primary in-
formation we wish to convey is the isolation events,
which are indicated by the dashed lines. The exact
position of the dashed lines is speculative, however.
Therefore, whether differentiation among these taxa
was parapatric or allopatric and the extent of any
gaps between taxa during their evolution are un-
known. After each isolation event, dispersal proba-
bly occurred across these boundaries. A. Separation
of Oreortyx pictus, 12.6 MYBP, presumably in areas
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inated about 12.6 MYBP (Fig. 5a) and probably
evolved in western North America, based on
its current distribution (Fig. 4). Perhaps drying
trends at this time (Axelrod 1979) resulted in
the invasion of more mesic environments of
higher elevation by Oreortyx. The southward
displacement of land west of the San Andreas
Fault at this time might also have isolated this
taxon (see Wenner and Johnson 1980). Another
east-west split of an ancestral taxon resulted in
the divergence of Colinus (Fig. 5b), estimated
by our data at 7.0 MYBP. The earliest known
fossils of Colinus (Holman 1961, Brodkorb 1964)
are from the upper Pliocene of Kansas. Because
our estimated divergence date is well before
upper Pliocene, the sites of fossil Colinus do
not permit identification of the area of origin
of Colinus.

Penultimately, Callipepla and Lophortyx di-
verged (Fig. 5¢), about 2.8 MYBP, or late Plio-
cene, when their ancestor was fragmented in
the southwestern aridlands of North America.
Axelrod (1979) noted that during the late Plio-
cene isolated arid and semi-arid desert patches
existed in the current Sonoran and Chihua-
huan desert regions, and this could have al-
lowed the allopatric differentiation of Callipe-
pla, which presently occupies such habitats
(Leopold et al. 1981). Species of Lophortyx di-
verged last, resulting in the current distribu-
tion patterns (Fig. 4). It will be of value to as-
certain the phylogenetic position of L. douglasii.

Hubbard (1973) proposed a vicariant biogeo-
graphic explanation for the evolution of species
in the genera Lophortyx and Callipepla (consid-

consisting of evergreen chaparral, evergreen-broad-
leaf forest, or coniferous forest with shrub under-
story in western North America. B. Origin of Colinus
virginianus, 7.0 MYBP. Present habitat is essentially
weedy fields bordered by brush or woodlots, al-
though in tropical lowlands it occurs in wetter con-
ditions. The exact location of the origin of C. virgin-
ignus is uncertain. Note that the range of “pre”
Callipepla-Lophortyx could have extended further east
if C. virginianus was either isolated to the south or
north. C. Divergence of Callipepla squamata and Lo-
phortyx, 2.8 MYBP, probably concurrent with late
Pliocene disjunct patches of arid and semi-arid des-
ert. C. sqguamata and L. gambelii are typically found
in desert scrub or arid grasslands, while L. califor-
nicus occurs in oak woodland, chaparral, and brushy
foothills.
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ered by him congeneric), which involved hy-
pothetical ancestors and their distributions and
Pleistocene glaciation cycles. According to
Hubbard's scenario, a trichotomous split pro-
duced C. squamata, L. douglasii, and ““pre-cali-
fornicus-gambelii” in the Illinoian glacial epoch,
with L. californicus and L. gambelii differen-
tiating in the Wisconsinian glacial period. Us-
ing the genetic distance conversion established
above, we estimate the split of L. gambelii and
L. californicus at 190,000 yr ago, and that of
Lophortyx and Callipepla at 2.8 MYBP, or
roughly late Pliocene. While Hubbard is cor-
rect in assuming that a minimum of two geo-
logic events (e.g. glacial-interglacial cycles) is
needed to account for the distribution patterns
of extant Callipepla and Lophortyx, these gen-
era probably diverged well before the times he
suggested. Illinoian age glacial cycles may well
have effected speciation in Lophortyx, how-
ever.

This biogeographic reconstruction is a hy-
pothesis. We note that sympatry of breeding
species, which is considerable among the
species studied here (Fig. 4), implies dispersal
(Nelson and Platnick 1981). Thus, it is difficult
to determine the relative importance of vicar-
iance or dispersal in accounting for the evo-
lutionary patterns in this group. Also, geolog-
ical and paleobotanical evidence is sufficiently
fragmentary (see Axelrod 1979, Wenner and
Johnson 1980) to prevent precise correlations
with our phylogenetic hypothesis. That is, we
lack a well corroborated ““area cladogram’’
(Nelson and Platnick 1981).

Our phylogenetic hypothesis and dating of
cladogenetic events suggest that a series of three
east-west range disjunctions (Fig. 5) could ex-
plain the evolution of these genera of New
World quail. These patterns need to be corrob-
orated with studies of other avian groups, as
well as other groups of vertebrates and non-
vertebrates. We believe, however, that our hy-
pothesis (Fig. 5) is an important first approxi-
mation of the evolutionary history of these quail
taxa and makes objective, testable predictions
that would otherwise be difficult given only
the map of current breeding distributions. We
also wish to demonstrate that molecular meth-
ods of inferring phylogenies can be combined
with information from the fossil record to fur-
ther understanding of evolutionary patterns in
avian groups.

Taxonomy.—Mayr and Short (1970) suggest-
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ed that L. gambelii and L. californicus are con-
specific. The genetic data presented here are
consistent with this idea. Wild hybrids (Hen-
shaw 1885, Miller and Stebbins 1964) between
the forms include only the F, generation, how-
ever, which suggests a lack of introgression and
panmixia in zones of sympatry. Furthermore,
hybrids have been reported for other sym-
patrix quail fe.g. Colinus virginianus X L. cali-
fornicus (Aiken 1930); Callipepla squamata X L.
gambelii (Bailey 1928); L. californicus X C. squa-
mata (Jewett et al. 1953); C. virginianus X C.
squamata (Johnsgard 1973); O. pictus X L. cal-
ifornicus (Peck 1911)]. Incidence of hybridiza-
tion is probably not an accurate predictor of
close phylogenetic relationship, because birds
retain the ability to hybridize despite consid-
erable genetic divergence (Prager and Wilson
1975). The apparent lack of prereproductive
isolating barriers in sympatry, at least to F, hy-
bridization, does not necessarily indicate re-
cency of common ancestry or close phyloge-
netic relationships among these quail.
Therefore, we reject the notion that hybrids
between L. gambelii and L. californicus prove
conspecific status. As only the F, hybrids and
not a hybrid swarm have been found, these are
probably distinct biological species. We also
point out that the evidence supporting appar-
ent assortative mating in sympatry overshad-
ows our finding a D-value typical of subspe-
cies between these taxa. Clearly distinct species
can be genically similar (Avise et al. 1980D, c).

Several authors (e.g. Mayr and Short 1970,
Johnsgard 1973, and references therein) have
suggested merging Lophortyx and Callipepla.
These genera are clearly similar (Fig. 1). The D
between our samples of these two taxa, 0.104,
is one-half that reported by Barrowclough (1980)
for similar avian intergeneric comparisons; yet
it is within the range (0.0126-1.214). Thus, our
data provide no clear-cut answers, and we sug-
gest that the decision regarding their taxonom-
ic status be made on the basis of other kinds
of biological evidence.

The suggestion by Phillips et al. (1964) and
Mayr and Short (1970) that Oreortyx be merged
with Callipepla (including Lophortyx) is not
consistent with our molecular data (Figs. 1-3).
It would also require inclusion of Colinus; oth-
erwise, the new taxon would not be monophy-
letic. We think that merging these taxa would
obscure their relatively long, independent,
evolutionary histories. We recognize, how-
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ever, that there can be no absolute value of
genetic distance on which to base taxonomic
decisions. The external phenotypic resem-
blance of Mountain and California quail does
not, in this case, indicate a close phylogenetic
relationship. Furthermore, Hudson et al. (1959,
1966) and Holman (1961) provide data on the
myology and skeletal morphology, respective-
ly, that show that Oreortyx is morphologically
distinct from other members of the Dendrortyx
group. Gutiérrez (1980) reported that Oreortyx
was very different ecologically from Lophortyx.
Thus, genetic, morphologic, and ecologic data
show that Oreortyx is not a close relative of
Lophortyx or Callipepla, and there seems to be
no basis for their generic merger.

The systematic status of C. virginignus is un-
certain. It is shown here to be a distinct clade
within the Odontophorinae and more similar
to Lophortyx and Callipepla than to Oreortyx
and Cyrtonyx.

Some authors (Brodkorb 1964, Mayr and Short
1970, Johnsgard 1973) consider the Tetraonidae
a subfamily of the Phasianidae. Our data (Ta-
ble 1) show that the distance from T. pallidi-
cinctus (Tetraonidae) and P. colchicus (Phasian-
idae) to all other species is similar. Thus, it
might be appropriate to consider such a taxo-
nomic scheme.
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ArpEnDIX 1. Location, sample sizes, and sample collection dates. Different populations of the same taxon
are labeled by upper case letters, which correspond to the letters used in Appendix 2, Table 1, and the
figures. The taxonomic framework is from Peters (1934).

Number
of indi-
Taxon viduals Locality and date
Tetraonidae
Lesser Prairie Chicken 13 New Mexico: 8 mi E Milnesand, Roosevelt Co., Decem-

(Tympanuchus pallidicinctus)

ber 1975.

Phasianidae
Phasianinae
Ring-necked Pheasant 13 California: Webb Tract, Sacramento Delta, Sacramento
(Phasianus colchicus) Co., November 1975.
Perdicinae
Common Quail 30 Avian Sciences Department, University of California,
(Coturnix coturnix) Davis, California, A—Big Brown Strain (# = 10). B—
Small Brown Strain (# = 10). C—Albino Strain {(# =
10). A, B, and C obtained in February 1976.
Chukar 12 Avian Sci. Dept., Univ. Calif., Davis. (n = 10), Febru-
(Alectoris chukar) ary 1976; 5 mi SE Panoche, San Benito Co., California
(n = 2), Jan. 1976; samples combined.
Odontophorinae
Dendrortyx Group
California Quail 36 California: A—5 mi E Shandon, San Luis Obispo Co.
(Lophortyx californicus) (n = 6), December 1974. B—5 mi N Jolon, Monterey
Co. (n = 13), December 1974. C—4 mi E Mercy Hot
Springs, Fresno Co. (n = 9), October 1975 and (n = 2)
in January 1976; 5 mi SE Panoche, San Benito Co.
(n = 6), January 1976.
Gambel’s Quail 22 New Mexico: 1 mi E Columbus, Luna Co. (n = 19), De-
(L. gambelit) cember 1975. Arizona: 10 mi E Green Valley, Pima
Co. (n = 3), January 1976; samples combined.
Scaled Quail 29 New Mexico: A—8 mi E Milnesand, Roosevelt Co. (n =
(Callipepla squamata) 7), December 1975. B—1 mi E Columbus, Luna Co.
(n = 20), December 1975. Arizona: 10 mi E Green
Valley, Pima Co. (n = 2), January 1976; combined
with population B as there was no differentiation.
Bobwhite Quail 15 New Mexico: A—8 mi E Milnesand, Roosevelt Co. (1 =
(Colinus virginianus) 8), December 1975. B—18 mi NE Milnesand, Roose-
velt Co. (n = 7), December 1975.
Mountain Quail 16 California: 2 mi SE Jamesburg, Monterey Co. (n = 16),
(Oreortyx pictus) June—August 1975.
Odontophorus Group
Montezuma Quail 31 Arizona: A—15 mi E Patagonia, Santa Cruz Co. (n =

(Cyrtonyx montezumae)

23), January 1976; B—10 mi W Patagonia, Santa Cruz
Co. (n = 8), January 1976.
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ArpenDIx 2. Allelic frequencies for 23 presumptive loci in 10 species of gallinaceous birds. Numbers in
parentheses are frequencies of alleles at a locus. A single letter denotes sample fixed for that allele. Full
names for loci given in Yang and Patton (1981) or below. Names of taxa and sample sizes given in Ta-
ble 1.

Locus T.p. P.c. Cc. A C.c. B Cec. C A.c. L.g. Lc A
PGI b c d (0.65) d (0.60) e c b b
e (0.35) e (0.40)
ADA? g b d 035 f f e a(0.42)  a(0.06)
f (0.65) c(0.58) ¢ (0.94)
PGM-1 a C d d d d b b
MPI h [d f e (0.60) f a e e (0.94)
f (0.40) g (0.06)
IDH-1 e d c c c d a (0.97) a
£ (0.03)
IDH-2 g b g g g a (0.30) f f
¢ (0.70)
aGPD-1 d c e e e a b b
aGPD-2 c c d d d a b b
ME g d (0.12) a (0.25) a (0.45) a (0.40) f f e (0.03)
e(0.88) b(0.75) b (0.55) b (0.60) £ (0.97)
GOT-1 i j h h h a(0.45) g(0.97) g
b (0.05) i (0.03)
¢ {0.50)
GOT-2 a b b b b a b b
GDH* a c b b b b b b
UDH! d d d d d d c c
SDH a e a a a b (0.15) d d
¢ (0.85)
LDH-1 a a c c c b b b
LDH-2 a a c c c b b b
Pept-1 g a b b b a c c
Pept-2 d d e e e a b b
Alb g c d (0.95) ¢ (0.40) c b e ¢ (0.12)
f (0.05) £ (0.60) e (0.88)
Est-1 a ¢ (0.08) e d (0.60) e f f (0.05) f (0.03)
d (0.92) e (0.40) g (0.95) g (0.97)
Est-2 g g (0.38) f f f e b a (0.03)
b 0.62) b (0.97)
6PGD d g £(0.85 e (0.05) £(0.75) ¢ (0.100 d b (0.03)
h (0.15) f (0.80) h (0.25) d (0.90) d (0.97)
h (0.15)
XDHe¢ g f a (0.30) b (0.05) a (0.20) c a (0.08) a (0.03)
¢ (0.70) c (0.95) c (0.80) ¢ (0.92) ¢ (0.97)
Percentage
poly-
morphism 0.0 11.1 22.2 25.9 11.1 14.8 18.5 29.6
Hetero-
zygosity 0.0 2.6 4.8 8.9 4.8 5.2 2.5 2.8
Mean
number
alleles
per poly-
morphic
locus — 2.0 2.0 2.1 2.0 2.2 2.0 2.0

* Adenosene de-aminase.

v Malic enzyme (NADP dependent).
¢ Glutamate dehydrogenase.

4 Unidentified dehydrogenase.

¢ Xanthine dehydrogenase.
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Lec B Le. C Cs. A Cs. B Cuv. A Cv. B O.p. Cm. A Cm. B
b b b b b b a b b
c c a a (0.75) a (0.56) a (0.50) e (0.97) c c
c(0.25) c(0.44) c(0.50) g (0.03)
b b (0.96) c c c C b c I
d (0.04)
e (0.83) e (0.92) e e (0.75) d d b g (0.91) g (0.94)
g (0.17) ¢ (0.04) g (0.25) i (0.09) 1 (0.06)
g (0.04)
a a a a a a (0.93) a b b
¢ (0.07)
f ¢ (0.11) f f f f f d (0.04) e (0.94)
f (0.89) e (0.96) g (0.06)
b b b b b b b b b
b b b b b b b b (0.85) b (0.87)
d(0.15)  d(0.13)
f f f f b (0.06) e c e e
e (0.94)
g g (0.92) g (0.71) f (0.05) d (0.06) g g g e (0.13)
i (0.08) j (0.29) g (0.70) g (0.94) g (0.87)
i (0.25)
b b b b b b b b b
b b b b b b b b b
c c c c c C b a a
d d d d d d b (0.63) b b
d (0.37)
b b b b b b b b b
b b b b b b b b b
c c c ¢ (0.97) d d c (0.06) e e
f (0.03) f (0.94)
b b b b b b b c c
¢ (0.08) ¢ (0.15) e e a a e a a
e (0.92) e (0.85)
g g g g h h f a (0.83) a (0.87)
b (0.15) b (0.13)
¢ (0.02)
b b b b b b s c b (0.19)
¢ (0.81)
d d d d d b (0.07) d d (0.96) d
d (0.93) £ (0.04)
C C a (0.07) a (0.10) a (0.94) a (0.86) f e e
d (0.93) d (0.90) e (0.06) e (0.14)
7.4 18.5 7.4 18.5 14.8 14.8 11.1 18.5 22.2
1.8 3.4 1.6 3.7 2.8 2.6 2.1 2.4 5.1
2.0 2.2 2.0 2.2 2.0 2.0 2.0 2.2 2.0




NEST ATTENDANCE OF PARENT BIRDS IN THE
PAINTED SNIPE (ROSTRATULA BENGHALENSIS)

SHIGEMOTO KOMEDA

Laboratory of Animal Sociology, Faculty of Science, Osaka City University,
Sugimoto, Sumiyoshi-ku, Osaka 558, Japan

AnsTrRACT.—I observed 15 pairs of Painted Snipes (Rostratula benghalensis) in Japan for
24-h periods in order to compare the nest attendance behavior of males and females and to
document changes in their behavior during the laying period. From a few days before the
laying of the first egg until the day the second egg was laid, the male and female consorted
with each other (stayed within 5 m of each other) more than 90% of the observation time.
They visited the nest repeatedly on the first and second days of laying. On the third day,
the consorting ratio decreased to 58.5%, and the male typically started to incubate. He
continued to incubate that night. After laying the third egg, the female usually did not visit
the nest except to lay the fourth and last egg. The male continued incubation, and the female
met her mate only when she laid the last egg. The absence of female incubation and the
early termination of consorting behavior are consistent with the possibility that Painted
Snipe females are polyandrous. Received 12 January 1982, accepted 4 October 1982.

AMONG the polyandrous charadriiform
species, comprehensive studies of pair-bond
maintenance have been conducted on only four
species, the Northern Jacana (Jacana spinosa;
Jenni and Collier 1972, Jenni and Betts 1978),
the Spotted Sandpiper (Actitis macularia; Hays
1972, Oring and Knudson 1972, Maxson and
Oring 1980), the Red-necked Phalarope (Phal-
aropus lobatus; Hildén and Vuolanto 1972), and
the Red Phalarope (Phalaropus fulicaria; Scha-
mel and Tracy 1977). Although a detailed study
of the Painted Snipe (Rostratula benghalensis)
has not been conducted, sex role reversal and
an apparently unbalanced sex ratio suggest the
possibility of polyandry in this species (Beven
1913, Baker 1935, Lack 1968, Hays 1972, Oring
and Knudson 1972, Jenni 1974). The objectives
of this study were (1) to compare the nest at-
tendance of male and female Painted Snipes,
(2) to measure the amount of time the members
of the pair spend together (consorting ratio)
during laying and incubation periods, and (3)
to consider the evidence for polyandry.

STUDY AREAS AND METHODS

Field observations were made in two areas. The
preliminary study was done in Chuzu Town, south-
east of Lake Biwa, central Japan (136°02'E, 35°08'N),
from May to June 1978 (Biwa area). Nest observations
were conducted in 20-ha abandoned fields among
paddy fields at an elevation of about 85 m. Marshy
plants, mainly buttercup (Ranunculus quelpaertensis),
bitter cress (Cardamine lyrata), foxtail (Alopecurus ae-
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qualis), and cudweed (Guaphalium affine), grew
sparsely in these abandoned fields. The water depth
in this area varied from 0 to 15 cm.

The main study was conducted in Toyo City,
northwestern Shikoku Island, Japan (133°03'E,
33°57'N), from March to August 1979 (excluding May)
and from June to July 1980 (Toyo area). This 40-ha
study area of reclaimed land faces the Japanese In-
land Sea. A quarter of the area was used as paddy
fields, and the rest was marshy grassland that was
plowed once or twice a year, usually in June and July.
The study area was traversed by six parallel roads
200 m apart and by another road that intersected them
at right angles. This poorly drained area was always
covered with water. Until it was plowed, dense reed
(Phragmites communis) or bulrush (Scirpus planicul-
mis) grew there every year. After it was plowed, the
grasses grew only patchily or sparsely before Sep-
tember. The Toyo area is about 300 km west of the
Biwa area.

Most data for the field study were obtained by con-
tinuous observations. Observations that started after
1800 are identified as “nocturnal observations’” and
were made with the aid of a flashlight. Behavior was
observed with binoculars (9X) and a spotting scope
(15%). Behavioral acts were recorded in seconds, and
the data were later converted to minutes for calcu-
lations. Of 27 birds observed, 4 males and 2 females
were marked with neck bands. Because no other birds
of the same sexes as the banded individuals were
observed entering their nests, any male or female
who entered a nest was considered the progenitor of
the eggs in the nest.

All observations reported here were made at nests
with four eggs. The four eggs were laid on consec-
utive days, and the days of laying were identified as

The Auk 100: 48-55. January 1983
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TaBLe 1. The length of visits to the nest during the laying period (minutes + SD). Numbers in parentheses

indicate nocturnal visits.

Day 1 Day 2 Day 3 Day 4
Female
Length of egg-laying visits 35.5+17.5 62.3 + 33.4 328+74 159 £ 1.9
Number of egg-laying visits 2 4 5 6
Length of other visits 3.6 3.7 6.1 £52 57 £53 1 —
Number of other visits 43 50 36 1
Male
Length of visits 3.6 +8.0 8.0 +12.8 22.6 + 31.7 43.4 + 52.8
(21.6 + 15.1) (36.1 * 10.2)
Percentage of stays longer than 2.0 6.8 26.2 46.8
30 min (35.3) (76.9)
Number of visits 99 85 92 47
(17) (13)
Number of nests 4 7 9 8
6 ©)

day 1, day 2, and so on. These four days comprise
the laying period. A span of a few days before day
1 is referred to as the prelaying period. The incu-
bation period extends from the day after day 4 until
hatching.

The percentage of time during which the two
members of a pair stayed within 5 m of each other
was termed the consorting ratio. Consorting behav-
ior was studied at the Toyo area for a total of 17 days
(162.0 h). Other observations were made at both the
Toyo and Biwa areas.

Nest-related behavior in the Biwa area was ob-
served from blinds about 10 m from the nests. Four
nests were observed for a total of 17 days (190.8 h).
Observations were made at the Biwa area during two
nights (22.6 h) of the incubation period. All diurnal
observations at the Toyo area were made from a blind
on a car roof 1.5 m above the ground. By driving the
car along the roads, I was able to follow the birds
when they left their nests. Nine pairs were observed
at the Toyo area for a total of 36 days (368.7 h) Two
of these nine pairs abandoned their nests during the
laying period, so the data from these nests were ex-
cluded from the results (total 7 days). Two nests were
observed a total of four nights (47.0 h) during the
laying period. Activity at night at the Toyo area was
observed at intervals of 1 min from about 20 m when
a flashlight was switched on for about 5 s and off for
about 55 s.

REsuLTs

Clutch size and time of laying.—Of 33 nests
found, 2 had 3-egg clutches, 30 held 4 eggs,
and only 1 held 5 eggs. Accordingly, the nor-
mal clutch size in this species is considered to
be four.

The time of laying was recorded 17 times.

During the laying period, a female laid an egg
every morning between 0700 and 1100 (Fig. 1).
She stayed on the nest far longer when coming
to lay an egg than at other times (Table 1). The
female was on the nest for a much shorter du-
ration when she laid the fourth egg (x = 15.7
min) than when she laid the earlier eggs (t =
44.0 min). All other visits to the nest by the
female during the laying period were much
shorter (¢ = 5.1 min); 88.5% of these visits were
less than 10 min.

On four additional days when the 1st, 2nd,
or 3rd eggs were laid but egg laying was not
observed, females stayed on the nest for 39, 42,
46, and 47 min between 0800 and 1210 (Fig. 1;
22 June 1979, 21 June 1978, 3 June 1978, and 12
June 1979, respectively). These four stays were
the only long stay on those days. It is assumed
that egg laying occurred during these long vis-
its. Egg laying was not seen at two nests on
day 4, but the females entered the nests only
once, and it is assumed that they laid during
these visits (Fig. 1; 30 March 1979 and 21 July
1979).

Nest visitation on each laying day.—On day 1,
both sexes entered the nest frequently during
the morning (Fig. 1), but they often left it for
a long time during the afternoon. They re-
turned to the nest in the evening. The male
stayed about the same length of time (Table 1)
and entered the nest about as frequently as the
female did. No observations were made on the
night of day 1.

On day 2, the duration of diurnal visits in-
creased but the number of visits decreased



50 SHIGEMOTO KOMEDA [Auk, Vol. 100

DAYTIME ACTIVITY
DAY DATE NEST o © o

TIME OF DAY

l 3JUN’78 2
12JUN’79 6

LW ] o s g
[ K

» 5 ) RN ¢ O COREI | RANR MR W
2AUG " 79 9 R R S R R EREE R N -_l ¢ G P IR

o

9 AUG 79

:a 4 JUN ’78

15 JUN °78
20 JUN 78
28 MAR ' 79
13 JUN 79

22 JUN '79
3 AUG 79

3 15 MAY ' 78

5 JUN 78
16 JUN ’78

O N0 Obd N

f

21 JUN ‘78
29 MAR 79
14 JUN
23 JUN ’79
4 AUG ’T79
11 AUG 79

4 16 MAY *78

6 JUN ’78
17 JUN ’78
22 JUN ’78
30 MAR

-0 N0 DdDUN -

21 JuL 79
5 AUG 79

-0 o0 b N -

~
©

12 AUG

wmuw kX mamuu 3

I‘ E.“ I _-Hl!ﬂ RS G

“EH_I{ HEE § 3R i m
§ & R AR

NIGHTTIME ACTIVITY
DAY DATE NEST L

18-19 JUN ’80 |14
24-25 JuL ’80 |5
25-26 JUL 80 IS
26-27 JuL 80 IS

HUWwNOPN

O
(¢}
]

21

Fig. 1. Activity during laying period. Male is shown in upper and female in lower belt of each pair.
Black band shows time spent on nest and shaded band out of nest. Small dot shows the time of egg laying.
Day 1 is the first day of egg laying and day 4 the last day.

slightly in both sexes. In two nests watched at
night, both sexes left the nest site just after
dark and returned just before light. At Nest 15
the male and female left the nest at 1907 and

returned at 0443. At Nest 14 the male and fe-
male were gone when observations started at
2100 and returned to the vicinity (within 5 m)
of the nest at 0426.
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Fig. 2. Average percentage of daylight time on

nest. Upper belt shows male stays and lower belt
female stays. Black band shows percentage of time
spent on nest and white band out of nest. Number
of nests observed is shown.

On day 3, both sexes changed their patterns
of nest visitations, but in different ways. Fe-
males entered the nest repeatedly before laying
the third egg but after that did not return to
the nest until 1800 in all but two nests. Females
entered three of four nests between 1800 and
1930. At Nest 15 the female entered the nest at
1851, left at 1903, and did not return that night,
but her mate spent the night on the nest. Dur-
ing the day males visited the nest about as often
as the previous day, but the average visit was
much longer (Table 1).

On day 4, all but one of the females entered
the nest only once and laid the last egg at that
time. After leaving the nest, they were never
seen near it again. At Nest 9 the female left the
nest 1 min after entering it, but she returned
30 s later and laid the fourth egg. Males entered
the nest less often than previously but stayed
much longer during each visit. The males stayed
on the nest at night, but females did not return
to the nest.

Two males in the Toyo area abandoned their
nests after their females laid the third egg, but
the females still laid the fourth egg in the nests.
Pair 12 visited their nest in typical fashion
through day 3. On day 4, the female exhibited
typical behavior. She entered the nest, laid the
fourth egg, left the nest, and never returned.
The male on day 4, however, never visited the
nest, nor was he seen around the nest. I began
observing Nest 13 on day 2. The male did not
enter the nest between 0744 and 1157 on day
2, nor at any time on day 3, and he did not
even visit the vicinity of the nest on day 4. His
female stayed on the nest more than 40% of
the total observation time on both days. On
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TaBLE 2. The percentage of daylight hours during
which the male and female of a pair stayed within
5 m of each other.

Number
of Num-
hours Dber
ob- of
Average (range) served pairs
Prelaying
period 99.6 (98.5-100.0) 23.6 4
Laying period
Day 1 99.0 (97.5-100.0) 34.0 3
Day 2 92.8 (89.3-95.9) 42.6 4
Day 3 58.8 (38.4-81.0) 29.7 3
Day 4 7.9 (3.3-16.7) 32.1 3

day 4 she stayed on the nest much longer than
the other females. On her first visit she stayed
for 27 min and laid the fourth egg. She then
flew off and returned 80 min later and stayed
on the nest for 5.5 h. Neither the male nor the
female returned after day 4.

Total time spent on nest in laying period. —
During the whole laying period of daylight
hours, males stayed on the nest four times as
much as females (39.8% vs. 9.9%). As egg lay-
ing advanced, males increased and females de-
creased the amount of time they spent on the
nest (Fig. 2). On days 1 and 2, females spent
slightly more time on the nest than males did
(16.4% vs. 13.2% and 16.7% vs. 16.2%, re-
spectively). On day 3 some males spent a long-
er time on the nest than previously, and it was
on this day that the greatest range was seen in
the percentages of time spent on the nest for
different males. The males on five of the nine
nests spent more than 50% of the day on the
nest (46.2% on average, range 16.3%-71.3%).
The females on day 3 reduced their time on the
nest to only 7.3%. On day 4 the males spent
78.7% of the day on the nest, and females spent
only 3.0%.

Females did not visit their nests at all at night
during the laying period, and males did not
visit at night until after the third egg was laid.
A male spent 68.6% of the night following the
laying of the third egg and 86.7% of the night
following the laying of the fourth egg on the
nest.

Male nest attendance in the Painted Snipe
reached mid-incubation levels on day 3, and
the incubation started on day 4. In the Red-
necked Phalarope (Hildén and Vuolanto 1972),
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male visits to the nest become gradually more
frequent and longer as the laying period pro-
gresses. The Spotted Sandpiper male incubates
sporadically before day 3 (Maxson and Oring
1980). In the Red Phalarope (Schamel and Tracy
1977, Mayfield 1979), the Wilson’s Phalarope
(Phalaropus tricolor; Howe 1975), and the Wat-
tled Jacana (Jacana jacana; Osbone and Bourne
1977), males appear to begin incubating on
day 3.

Consorting ratio.—A male usually followed a
female for three or four days during the pre-
laying period. The consorting ratio was 99% in
the Toyo area during the prelaying period. Al-
though the consorting ratio for the whole lay-
ing period was 68%, it decreased from 99% on
day 1 and 93% on day 2 to only 8% on the last
day (Table 2). The consorting ratios varied
widely among individual pairs on day 3. In
two of the three pairs the female consorted with
the male on day 4 only when she came to lay.
One female (Nest 9), however, returned to the
vicinity of the nest after laying the fourth egg
and stayed within 5 m of the incubating male.
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Because the male and female arrived at the
nest together early in the morning before the
laying of the third egg, it is possible that they
had consorted during the preceding night. The
female probably left her mate on the nest at
night after the third egg was laid, however,
because the male began spending considerable
time on the nest and the female did not stay in
the vicinity of the nest.

As egg laying advanced, the amount of day-
light time females stayed within 5 m of the nest
decreased in the Toyo area (Fig. 3). On days 1
and 2, females stayed within 5 m of the nest
most of the time and consorted with the males
almost all day. Within 10 m of the nest, females
were occasionally separated from the males,
who stayed on the nest, but when females went
more than 15 m from the nest, the males always
followed. On day 3 females spent less time
within 5 m of the nest and often went away
from the nest alone. After laying the fourth egg,
females left the nest and moved solitarily, while
the males stayed on the nest.

Behavior during the incubation period.—Dur-



January 1983]

Nest Attendance in Painted Snipes 53

TasLe 3. Nest attendance of male during the incubation period. (Females did not visit the nest during the

incubation period.)

Daytime Nighttime

Average percentage time on nest (range)

Average duration of nest visits in minutes (range)
Percentage of visits exceeding 30 min

Number of days

Number of hours observed

80.4 (64.9-94.7)
39.8 (23.9-110.4)

89.6 (88.2-91.1)
92.9 (77.7-111.2)

53.4 100.0
14 2
156.0 22.6

ing the incubation period males typically left
the nest 1.3 times per hour for about 10 min.
Males sometimes remained on the nest for sev-
eral hours, especially during the morning. At
other times, they stayed away from the nest for
as long as 40 min. Males were on the nest 80%
of the time during the day and 89% during the
night (Table 3). At night the males left the nest
less frequently and spent longer periods on the
nest.

When males left the nest, they usually walked
or flew away immediately. In 61 of 85 obser-
vations made during the incubation period,
males left the vicinity of the nest within 1 min
of leaving the nest. This behavior differed
markedly from behavior during the laying pe-
riod, because the male spent much time in the
vicinity of the nest during the laying period.
A male typically flew back to a place about 20
m from the nest and then walked to the nest,
where he preened for a time before entering
the nest.

The incubation period averaged 16.8 days
(range 16-18 days, n = 6). During the incu-
bation period, the female was never seen at the
nest and apparently never came anywhere near
the nest (confirmed by banded females for 7
days). When the male interrupted incubation
to forage, he did not consort with any females
(confirmed for 6 days). The male and his chicks
left the nest within a half-day after all the eggs
hatched, and they never returned to their nest
n = 4).

DiscussioN

In species such as the Mountain Plover (Cha-
radrius montanus; Graul 1973) and the Sander-
ling (Calidris alba; Parmelee and Payne 1973},
which have double clutches, females incubate
the last clutch with or without males. In the
polyandrous Spotted Sandpiper, females help
with incubation unless they obtain a new mate
(Hays 1972, Maxson and Oring 1980). On the

other hand, only the males incubate in the
Northern Jacana (Jenni and Betts 1978), the Red-
necked Phalarope (Hildén and Vuolanto 1972),
and the Red Phalarope (Mayfield 1979), all of
which have proved to be polyandrous. In the
Wilson’s Phalarope (Howe 1975), which is
probably polyandrous, only males incubate.
The Painted Snipe female decreased the time
she spent on the nest as egg laying advanced,
and almost all her nest visits occurred before
the third egg was laid and were less than 10
min long, except for the four egg-laying visits.
After a male started to incubate, the female did
not visit the nest again except to lay the fourth
egg, nor was she ever seen in the vicinity of
the nest. Therefore, incubation is performed
only by a male. A female neither helps her mate
nor incubates alone. This suggests that the de-
gree of sex-role reversal in incubation is more
complete in the Painted Snipe than in the
Mountain Plover, the Sanderling, or the Spot-
ted Sandpiper and is similar to that in the
Northern Jacana and the three species of phal-
aropes. One Painted Snipe female began in-
cubating when her mate abandoned their nest
but ceased after about a half-day. This fact may
suggest that ancestral Painted Snipe females
incubated.

In the species in which females do not in-
cubate, females may desert their mates during
incubation, as in the Red Phalarope (Schamel
and Tracy 1977, Ridley 1980); they may help
their mates, as in the Northern Jacana, the fe-
males of which visit the nest, shade the eggs
(Jenni and Betts 1978), and help defend the ter-
ritory against other birds, even during the in-
cubation and rearing periods (Jenni and Collier
1972, Jenni 1974); or they may desert their mates
as soon as or before the clutch is completed, as
in the Red-necked Phalarope (Hildén and Vuo-
lanto 1972) and the Wilson’s Phalarope (Howe
1975). In the Painted Snipe, males did not fol-
low their mates on or after day 4, and females
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did not visit their nests after the fourth egg was
laid. The pair bond of the Painted Snipe ap-
peared to break down after the laying of the
last egg in the same way as the pair bonds of
Red-necked and Wilson’s phalaropes do. It is
advantageous to a sequentially polyandrous fe-
male that she desert the first mate as soon as
possible and gather energy reserves sufficient
to obtain the next mate and to lay his clutch.
In the simultaneously polyandrous American
Jacana, a female stays with her mate and pre-
pares to lay the replacement clutch for him
(Jenni and Collier 1972).

Painted Snipe females are unlikely to mate
with another male during the prelaying period
or on the first and second days of laying, be-
cause they consort with their current mates most
of the time on these days. Females also consort
with their mates during the night after the sec-
ond egg has been laid. During day 3, females
begin spending less time with their mates, but
by this time it is likely that their fourth egg has
already been fertilized. It is extremely unlikely
that even the last egg could be fertilized by
some other male. After laying the last egg and
abandoning their mates, the females could be-
gin to consort with other males. The abandon-
ment of the mate and emancipation from in-
cubation make it possible for females to mate
with other males, thus enabling this species to
have a sequentially polyandrous mating sys-
tem.

A simultaneously polyandrous female cop-
ulates with several males in a short time. In
contrast, a sequentially polyandrous female
mates with only one male during a set period.
The probability of a male rearing his own off-
spring is different in these two polyandrous
sytems. In the sequentially polyandrous
species, a male has only to keep his mate for a
few days before and during the laying period
to ensure that he will rear his own offspring
(Schamel and Tracy 1977). A simultaneously
polyandrous female lays the first set of eggs on
one nest for the first mate and the second set
of eggs on another nest for the second mate,
successively (Jenni and Collier 1972, Maxson
and Oring 1980), but she copulates with several
males during that period. Northern Jacana fe-
males copulated with three or four different
males in a single afternoon (Jenni and Collier
1972). One Spotted Sandpiper female copulat-
ed with two different males for two days, and
she laid for the earlier mate on the next day.
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She copulated only with the later mate during
the laying period of the earlier mate (Oring and
Maxon 1978). In these cases, the earlier male
does not always rear his own offspring, al-
though Northern Jacana females spend a
greater amount of time in the earlier male’s ter-
ritory just before and during the laying period
and simultaneous mating is exceptional in the
Spotted Sandpiper. Other mechanisms may
explain fertilization in species with a simulta-
neously polyandrous mating system. Physio-
logical and genetic research on these species
will be necessary to identify these mecha-
nisms.
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ENDOCRINE RESPONSES TO INCLEMENT WEATHER IN
NATURALLY BREEDING POPULATIONS OF
WHITE-CROWNED SPARROWS
(ZONOTRICHIA LEUCOPHRYS PUGETENSIS)

Joun C. WINGFIELD,! MicHAEL C. MOORE, AND
DoNALD S. FARNER
Department of Zoology, University of Washington, Seattle, Washington 98195 USA

ABsTRACT.—Plasma levels of luteinizing hormone (LH), testosterone, and corticosterone
were measured in relation to periods of inclement versus fair weather during the reproduc-
tive season of the Puget Sound White-crowned Sparrow (Zonotrichia leucophrys pugetensis).
In 1974, cool stormy weather in spring delayed the onset of breeding by one month and
also prolonged the period of elevated circulating levels of LH and testosterone, compared
with the fair spring of 1975. Inclement weather in 1974 did not appear to be stressful, as
indicated by body weights and plasma levels of corticosterone. In late May 1980, however,
a storm occurred after nesting activities had begun and all pairs sampled were feeding
young. In this case, plasma levels of corticosterone were greatly elevated above those of
birds sampled at the same time in the warm spring of 1979 and also above those of birds
sampled in spring of both 1974 and 1975. In addition, fat depots were virtually exhausted
in birds sampled during the storm of 1980, suggesting that these birds were stressed. Most
pairs lost their brood in May 1980, presumably to starvation, and renested after amelioration
of environmental conditions in June.

These data suggest that although storms may modify the onset and temporal progression
of the reproductive cycle, they are stressful to adults only when the nesting phase is in
progress. Thus, the underlying mechanisms by which inclement weather delays the onset
of breeding or disrupts the nesting once underway are likely to have different endocrine

bases. Received 29 March 1982, accepted 31 August 1982.

ASEASONAL storms occasionally disrupt the
nesting activity of birds that breed at higher
latitudes and altitudes. For example, periods
of unseasonably cold weather, prolonged pre-
cipitation, or storms may reduce the trophic
resources available to Chaffinches (Fringilla
coelebs) to an extent that adults cannot find suf-
ficient food for themselves and their nestlings.
The latter may die of starvation, or, in some
cases, the nest may be damaged or destroyed
(Newton 1964, 1973). In Mountain White-
crowned Sparrows (Zonotrichia leucophrys or-
iantha) aseasonal snowfall may cover food re-
sources without destroying nests. Under these
conditions, breeding pairs often abandon nests,
and sometimes the territory, to forage widely.
As conditions ameliorate and food is again
available, they return to their territories and
begin a second nesting effort (Morton et al.,
1972, Morton 1976). In these instances, it is

! Present address: The Rockefeller University Field
Research Center, Tyrrel Road, Millbrook, New York
12545 USA.

tempting to suggest that aseasonal storms
somehow depress circulating levels of lutein-
izing hormone (LH) and sex steroid hormones,
which regulate sexual and territorial behavior
(e.g. Adkins-Regan 1981, Harding 1981; see also
Wingfield and Farner 1980), and elevate plasma
levels of corticosterone, which mobilizes en-
ergy reserves (see Holmes and Phillips 1976,
Siegel 1980 for reviews).

Although renesting after the loss of a clutch
or brood involves well-characterized endocrine
changes (Donham et al. 1976, Wingfield and
Farner 1979), the effects of inclement weather
and the mechanisms through which it disrupts
the nesting phase are by no means clear.
Storms, concomitant decreases in ambient
temperature, and restricted availability of food
may be stressful, especially for individuals that
are incubating or feeding young. Indeed, sev-
eral laboratory investigations of reproductively
mature birds have shown that a variety of
stresses alter temporal patterns of secretion of
LH, depress plasma levels of sex steroid hor-
mones, and elevate circulating titers of corti-

The Auk 100: 56-62. January 1983
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costerone (e.g. Wilson et al. 1979, Scanes et al.
1980, Wingfield 1980, Wingfield et al. 1982;
see Holmes and Phillips 1976, Siegel 1980 for
review). As far as we are aware, however, there
have been no investigations of the endocrine
responses of naturally breeding populations of
birds to the stressful effects of aseasonal storms.

In this communication we report the effects
of low ambient temperature and stormy weath-
er on plasma levels of hormones and repro-
duction in free-living populations of the Puget
Sound White- crowned Sparrow (Z. . pugeten-
sis).

MATERIALS AND METHODS

Study areas and field technigues.—Male White-
crowned Sparrows were captured in mist nets and
baited live traps in the vicinity of Seattle, Washing-
ton (48°N), on study sites on Camano Island (Island
County) in 1974 and 1975 and near Hart’s Lake (Pierce
County) in 1979 and 1980. Results of investigations
at the former site have been published previously
(Wingfield and Farner 1977, 1978a).

Immediately after a bird was captured, a blood
sample (approximately 400 ul) was removed from the
alar vein into heparinized capillary tubes. Each bird
was then banded, color marked, and weighed, and
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Fic. 2. Temperature data (3-day means) for McMillin Reservoir, Pierce County, Washington (from U.S.
Environmental Data Service). McMillin Reservoir is approximately 25 km northeast of the study site at Hart’s

Lake.
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Breeding status in relation to weather of naturally breeding populations of White-crowned Spar-
rows (Zonotrichia leucophrys pugetensis).

Year Sample dates Weather Breeding activity
1974 30 April-20 May Cold, heavy overcast, precipitation, Males on territory and paired, little
frequent storms further breeding activity
1975 30 April-20 May Cool, sunny, no storms Most females incubating
1974 20 May—6 June  Cold, heavy overcast and precipita- Breeding delayed by storms, very
tion, frequent storms few females with nests, little
breeding activity
1975 20 May—6 June  Cool, sunny, no storms All sampled pairs feeding nestlings
First fledglings appear
1974 6 June-2 July  Warm and sunny Feeding nestlings, first fledglings
appear
1975. 6 June-2 July ~ Warm and sunny Nesting activity for second brood,
incubation and feeding nestlings
1979 26 May-31 May Warm and sunny All sampled pairs feeding nestlings
of fledglings
1980 27 May-30 May Cold, heavy overcast and precipita- All sampled pairs feeding nestlings
tion or fledglings
1980 8 July—28 July Warm and sunny All samples pairs feeding nestlings

or fledglings

its gonadal state was assessed during unilateral lap-
arotomy (Wingfield and Farner 1976). In 1979 and
1980, estimates of subcutaneous fat depot in the fur-
culum and abdomen were also made. All birds were
then released for field observations and possible re-
capture. After centrifugation of blood samples in the
field, the plasma samples were frozen on dry ice until
returned to the laboratory where they were stored at
—20°C until analyzed (Wingfield and Farner 1976).

Collection of samples in relation to weather.—In 1974
and 1975, blood samples were collected at least 4 days
per week from mid-April to August as part of an
investigation of the endocrine control of reproduc-
tion under natural conditions (Wingfield and Farner
1977, 1978a). The spring of 1974 (late April and May)
was marked by continually inclement weather; heavy
precipitation and strong winds (up to 60 km/h) pre-
vailed in May, in contrast with the same period in
1975 (Fig. 1).

In 1979 and 1980, blood samples were collected at
least 3 days per week from mid-April through early
July as part of further investigations on the hormonal
control of reproduction in birds (Moore and Wing-
field 1980, Moore 1982). The springs of 1979 and
1980 (April-May) were mild, with no storms, and in
both years breeding began in early May. In 1980,
however, an intense storm accompanied by heavy
precipitation occurred at the end of May, when most
pairs were feeding nestlings or fledglings. Temper-
ature data for McMillin Reservoir, 25 km northeast
of Hart’s Lake, are presented in Fig. 2.

Hormone assays.—Luteinizing hormone was mea-
sured by the double antibody, post-precipitation ra-
dioimmunoassay for avian LH as developed by Fol-
lett et al. (1972) and modified for use on plasma from

Passeriformes by Follett et al. (1975). Plasma levels
of testosterone were measured by the methods of
Wingfield and Farner (1975), and corticosterone by a
radioimmunoassay procedure following the chro-
matographic separation procedure described by
Wingfield and Farner (1975). These assays have been
used routinely in this laboratory for over 8 years (see
Wingfield and Farner 1977, 1978a, b, 1980).

Statistics. —Differences between groups were de-
termined by the Mann-Whitney U-test, one-tailed
(Zar 1974).

RESULTS

As noted above, the ambient temperature was
5-10°C lower in early May 1974 than in 1975
(Fig. 1). Early May is usually the period of egg
laying for the first clutch (Fig. 1, Table 1; see
also, Wingfield and Farner 1977, 1978a). Tem-
peratures in 1974 remained generally lower than
those of 1975, except for a brief period in mid-
May, and did not increase appreciably until
June. This period of low temperature was ac-
companied by heavy overcast and frequent
storms with precipitation (Table 1). In 1975
weather was generally sunny and without
storms; all pairs studied were feeding nestlings
or fledglings by early June. In 1974 breeding
was delayed, with few females having nests by
this time. Nestlings were not found until late
June, and the first fledglings did not appear
until 2 July 1974, in comparison with 4 June in
1975.
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testosterone (T), and corticosterone (B) in male White-
crowned Sparrows (Z. I. pugetensis) sampled during
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dicates periods of fair weather. Vertical lines are
standard errors of means, and numbers within open
bars indicate sample sizes. Asterisks indicate signif-
icant difference between 1974 and 1975, * = P < 0.05;
* = P < 0.02.

There was a downward trend in both years
in plasma levels of LH and testosterone in males
from late April to June or July (Fig. 3), as is
typical for White-crowned Sparrows through
this period (Wingfield and Farner 1977, 1978a).
Plasma levels of LH in males in June 1974 were
higher than in males during the same period
in 1975 (P < 0.02), and circulating levels of tes-
tosterone were also higher during May and June
in 1974 (P < 0.02 and P < 0.05). Plasma levels
of corticosterone had increased by late May and
June 1975 when birds were feeding young (P <
0.05). There were no differences in body weight
between the two years.

The weather in early spring in both 1979 and
1980 was warm and sunny, with temperatures
usually remaining above 15°C (Fig. 2). In both
years White-crowned Sparrows were feeding
nestlings or fledglings by late May (Table 1).
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** = P < 0.001.

At this time in 1980, however, there was a pre-
cipitous decrease in temperature, to as low as
10°C below that recorded at the same time in
1979 (Fig. 2), accompanied by heavy overcast
and precipitation (Table 1). In June, conditions
ameliorated, temperatures remaining below
those of 1979 but similar to those of June 1974
and 1975 (Fig. 1). During late May 1980, plasma
levels of corticosterone were elevated greatly
above those of birds sampled at the same time
in 1979 and at the same stage of breeding (P <
0.001, Fig. 4). By July 1980, when birds were
feeding nestlings of a second nesting attempt,
corticosterone levels had declined (P < 0.02).
Subcutaneous fat depots were virtually deplet-
ed in birds sampled during the storm of 1980
(P < 0.001) but were restored by July. No dif-
ferences in plasma levels of LH and testoster-
one in males were observed between years.

DiscussioN

Abnormal weather conditions may delay the
onset of breeding, despite the presence of
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functional or near functional gonads, or dis-
rupt the nesting phase if breeding is already
underway (for reviews see Marshall 1949, 1959;
Lofts and Murton 1968; Farner and Lewis 1971;
Newton 1973; Murton and Westwood 1977;
Wingfield 1980; Wingfield and Farner 1980).
Our results show that the delay in the onset of
breeding caused by prolonged spring storms
in 1974 was also accompanied by maintenance
of elevated plasma levels of LH and testoster-
one, which normally decline from the initial
spring peak during the onset of incubation and
feeding of young (Wingfield and Farner 1977,
1978a, b). Thus, the extended period of elevat-
ed plasma levels of sex hormones in 1974 may
have maintained sexual and territorial behav-
ior so that nesting activities could begin im-
mediately after amelioration of environmental
conditions. The storms did not appear to stress
the adult White-crowned Sparrows because
plasma levels of corticosterone were lower than
in birds sampled at the same time in 1975, when
the birds were foraging intensively in order to
feed young. Foraging to feed young itself may
have been stressful, as suggested by the grad-
ual increase in circulating levels of corticoste-
rone in male Z. [. pugetensis during parental care
(Wingfield and Farner 1977, 1978a). In 1980,
however, the storm struck after the nesting
phase had begun and was accompanied by a
dramatic increase in plasma levels of cortico-
sterone well above those measured in 1974 and
1975, and a decrease in subcutaneous fat de-
pots, suggesting that these birds were stressed.
Curiously, plasma levels of LH and testoster-
one were unaffected, probably because these
levels had already declined from the initial
spring peak (see Wingfield and Farner 1977,
1978a). Furthermore, these birds remained on
territory (or at least in the immediate area)
throughout the period of inclement weather,
although nesting was generally unsuccessful,
as no fledglings were observed until after a sec-
ond nesting attempt in June and July.

The different endocrine responses to storms
in 1974 and 1980 suggest the following expla-
nation: If an unseasonable storm occurs early
in spring, the onset of breeding is delayed even
though the gonads may be functional or near
functional, and plasma levels of LH and tes-
tosterone in males remain generally high. The
effects of the storm do not appear to be stress-
ful, because there are no young that require
extra foraging by the adults. If storms and low
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temperatures occur late in spring during pa-
rental care, however, trophic resources decline
at a time when both adults and a brood of young
must be fed. In this case, the storm is stressful,
as indicated by increases in plasma levels of
corticosterone and depletion of fat stores. Thus,
the underlying mechanisms by which incle-
ment weather delays the onset of breeding or
disrupts the nesting phase once underway are
likely to have different endocrine bases.

Whether storms influence endocrine func-
tion through a direct effect of, for example, low
temperature or an indirect effect on food re-
sources has been a matter of conjecture (Wing-
field 1980, Wingfield et al. 1982). In do-
mestic birds low temperatures tend to depress
testis growth (e.g. Huston 1975) and disrupt
ovulatory cycles (e.g. Riddle and Honeywell
1924), even though food and water are provid-
ed ad libitum. Similar treatment also produces
an elevation of circulating levels of corticoste-
rone (Nir et al. 1975, Jeronen et al. 1976, Beuv-
ing and Vonder 1978). Low environmental
temperature, however, has only a slight effect
on photoperiodically induced gonadal growth
in feral species (for review of early literature
see Marshall 1949, see also Lewis and Farner
1973), on plasma levels of LH or testosterone,
or on circulating levels of corticosterone in male
Z. I. gambelii (Wingfield 1980, Wingfield et al.
in press). Moreover, Rowan (1925) showed that
male Dark-eyed Juncos (Junco hyemalis) housed
in outdoor aviaries (in Alberta, Canada) under
artificial long days and with free access to food
developed functional gonads and came into full
song in December, when ambient tempera-
tures were as low as —47°C. Similarly, feral
populations of crossbills (Loxia curvirostra and
L. leucoptera) can breed at any time of the year
if cone crops of pines (Pinus sp.), larches (Larix
sp.), and spruce (Picea sp.) are sufficient (Bai-
ley et al. 1953, Tordoff and Dawson 1965, New-
ton 1973).

Thus, if birds have free access to food, low
environmental temperature appears to have lit-
tle effect on reproductive function in feral
species. Inanition can have rapid and dramatic
effects on reproductive function, however, in
both domesticated and feral avian species. For
example, varying degrees of food restriction
result in gonadal atrophy, decreased plasma
levels of LH and testosterone, and increased
concentrations of corticosterone (e.g. Assen-
macher et al. 1965, Assenmacher 1973, Erb et
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al. 1978, Wilson et al. 1979, Harvey et al. 1980,
Scanes et al. 1980, Wingfield 1980; R. A. Lewis,
P. W. Mattocks, J. C. Wingfield, and D. S. Far-
ner unpubl. results). Although low tempera-
tures may result in more rapid depletion of
energy stores, especially for nocturnal
thermoregulation and for the feeding or brood-
ing of young, these stores can be easily re-
placed if sufficient food is available (Ketterson
and King 1977). Thus, it seems likely that in-
clement weather is stressful during breeding
because it depresses food resources, especially
in species such as the White-crowned Sparrow,
which feeds its young almost entirely on in-
sects.
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SEXUAL DIFFERENCES IN THE BEHAVIOR OF
ADULT GREAT BLACK-BACKED GULLS
(LARUS MARINUS) DURING
THE PRE- AND POST-HATCH PERIODS

RoNALD G. BUTLER! AND SASKIA JANES-BUTLER
The Mount Desert Island Biological Laboratory, Salsbury Cove, Maine 04672 USA

ABsTrAcT.—Sexual differences in the behavior of adult Great Black-backed Gulls (Larus
marinus) were examined during the pre- and post-hatch periods of the 1980 breeding season.
Following clutch completion, females invested more time than males in both territorial
attendance and incubation, but there were no sexual differences in egg-shifting or grass-
collection. In contrast, males engaged in more agonistic behavior and long-called and yelped
in all contexts more than females before chick hatching. Males also displayed more mate-
oriented mews and chokes than did females at this time. During the post-hatch period,
there were no sexual differences in territorial attendance, brooding, or frequency of chick
feedings, but males continued to exhibit higher frequencies of agonistic acts than did fe-
males, as well as higher levels of long-calls and yelps. After chick hatching, both sexes
demonstrated increased levels of agonistic acts, long-calls, yelps, mews, and yeows, while
males exhibited decreased frequencies of chokes and head-tosses. The results of this study
strongly suggest that parental investment by male L. marinus may equal that of females.
Received 10 August 1981, accepted 28 May 1982.

GutLL species (Laridae) are generally monog-
amous, and members of both sexes exhibit the
same behavior patterns related to parental care
during the breeding season (e.g. incubation,
brooding, chick feeding, territorial attendance
and defense). Male and female gulls are often
difficult to distinguish visually, and many de-
scriptions of their behavioral ecology have
simply “lumped” sexes in data analysis. Re-
cent studies, however, have shown that defi-
nite differences are evident in the behavior of
male and female larids. For example, Tinber-
gen (1956, 1960) reported that male Herring
Gulls (Larus argentatus) were more active in
collecting nest material and were involved in
territorial defense more often than females.
Similarly, male and female Laughing Gulls (L.
atricilla; Burger and Beer 1975) and Ring-billed
Gulls (L. delawarensis; Southern 1981) have been
observed to exhibit differences in agonistic be-
havior toward territorial intruders. Male West-
ern Gulls (L. occidentalis) are not only respon-
sible for the bulk of territorial defense, but also

! Present address: Department of Biological Sci-
ences, Duquesne University, Pittsburgh, Pennsyl-
vania 15282 USA.
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feed chicks significantly more often than do fe-
males (Pierotti 1981). Burger (1981a) reported
that, although adult male and female Herring
Gulls contribute equal parental investment in
the post-hatch period, sexual differences in in-
vestment patterns developed as chicks grew
older. Even sexual differences in spiteful and
altruistic behavior have been observed in both
Herring and Western gulls (Pierotti 1980).
Clearly, the investment patterns of adult larids
vary qualitatively, if not quantitatively, and
additional data are needed to evaluate the rel-
ative significance of male and female contri-
butions in terms of parental effort.

We examined the behavior of adult Great
Black-backed Gulls (L. marinus) during the in-
cubation and post-hatch phases of the repro-
ductive cycle. The specific objectives of this
study were to: (1) investigate possible sexual
differences in a number of agonistic and non-
agonistic behaviors exhibited by breeding
adults and (2) determine how the transition
from the pre- to post-hatch periods influenced
the behavior of males and females.

METHODS

This study was conducted on Little Duck Island,
Hancock County, Maine between April and August
1980. Approximately 520 pairs of L. marinus nested

The Auk 100: 63-75. January 1983
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TaBLE 1. Sexual dimorphism in Great Black-backed Gulls.?

Bill depth
Weight Tarsus Culmen at nares
Sex (g (mm) (mm) (mm)
Males (n = 19) 1,963 + 11° 97.9 + 0.4° 66.1 £ 0.6" 25.4 + 0.2°
Females (n = 11) 1,577 = 19 90.7 £ 0.7 59.7 + 0.4 22201

2 Data expresses as mean * SE.
> Males > Females in f-test comparison, P < 0.001.

in two large meadows on this 35-ha island. Breeding
habitat consisted of several species of grasses (Gram-
mineae), stinging nettle (Urtica dioica), angelica (An-
gelica lucida), raspberry (Rubus idaeus), and exposed
granite outcroppings. The island was uninhabited
and supported no mammalian predators.

A blind was erected on masonary scaffolding at the
periphery of the colony during the pre-incubation
stage of the Great Black-backed breeding cycle. One
or both adults on each of 19 nest sites were color
marked with leg-streamers during the 1978, 1979, and
1980 breeding seasons (and all adults were marked
with temporary dyes), all pairs were sexed on the
basis of size differences, and sexes were confirmed
through observed copulations. In all 19 cases, the
larger member of the pair was a male, and morpho-
metric data (see Table 1) indicated sexual dimor-
phism similar to that reported by Ingolfsson (1967).
Study nests were selected to include sites from both
high- and low-density areas within the colony (But-
ler and Trivelpiece 1981). Data were collected only
from those territories that were entirely visible for
the duration of the breeding season and those in
which both members of the pair were in attendance
until chicks fledged. Chicks were considered fledged
at 55 days following hatching and/or when they were
observed flying strongly in the vicinity of the colony.

Behavioral observations of birds on their nesting
territories were conducted during daylight hours
(0500-2100) over the course of the breeding season.
Two observers watched an average of 10 territories
on each of 18 days (1,877 nest hours) during the pre-
hatch period and an average of 7 territories during
20 days (1,701 nest hours) of the post-hatch period.
We recorded the frequencies and identities of adults
engaged in the following behaviors (where neces-
sary, definition or source of previous description for
other gull species noted): upright aggressive (Fig. 1a;
Moynihan 1958), grass-pull (Tinbergen 1959, 1960),
face-off (behavior that occurred in an agonistic con-
text in which one or more adults assumed a recum-
bant position oriented either facing or parallel to a
neighboring conspecific within 1 m of a territorial
boundary, possibly related to a squat-and-freeze de-
scribed by Moynihan 1958), jab (gaping-jab of Moy-
nihan 1958), charge (lunge or running approach by
an adult with wings generally extended; charging
bird always terminated behavior before making con-

tact with another conspecific), chase (aerial pursuit
of one adult by another), attack (physical assault upon
one adult by another, which generally involved bit-
ing), fight (prolonged bout of mutual attacking), long
call (Fig. 1b; Moynihan 1958, Tinbergen 1959), yelp
(Fig. 1c; Stout et al. 1969, Hand 1981), mew (Fig. 1d;
Tinbergen 1959, Hand 1981), yeow (plaintive call of
Moynihan 1958, plaintive yeow of Hand 1981), gak-
ker (Moynihan 1958, Eh-Eh call of Hand 1981), choke
(Fig. 1e; Moynihan 1958, Tinbergen 1959), head-toss
(Fig. 1f; Hand 1981), shift or roll eggs, grass-collect,
feed chick, present grass to chick, and reconsume
regurgitated food. In addition, the frequency and
duration of time on the territory, incubation bouts,
and brooding bouts were noted. Data collection was
facilitated by our use of binoculars (10X), digital
stopwatches, cassette tape-recorders, and super-8 mm
movie cameras. We determined territorial bound-
aries by means of aerial photographs taken in May
1980 and measurements made with an optical tape
measure (see Butler and Janes-Butler 1982).

For the purpose of examining sexual differences in
behavior, frequency scores from each adult pair were
analyzed using the Wilcoxon signed-ranks test. In-
trasexual comparisions between the pre- and post-
hatch periods were analyzed in the same fashion.
Proportional differences were treated with the Chi-
square statistic applied to raw data rather than per-
centages. Morphometric data were analyzed using
the t-test. To facilitate analysis and discussion, be-
havioral data were broken down into acts related
either to attendance and care of offspring, intrapair
behavior, or agonistic interactions. Behaviors such
as the long-call, which occurred in each of the above
categories, were analyzed according to their contex-
tual appearance.

REesuLTs

Attendance and care of offspring.—Before their
chicks hatched, adult females were observed
occupying territories (t = 51.1, n =19, P <
0.05) and incubating (t = 32.0, n =19, P <
0.005; Fig. 2) significantly more than were
males. There were no differences, however,
between males and females in the mean (*+SE)
frequencies of egg-shifting (f = 0.30 = 0.05/h
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e+

Behavior patterns in which male and female Great Black-backed Gulls differed over the course of

the breeding season: (a) upright aggressive (and gakker) by several adults near territorial boundary, (b)
long-call, (c) yelp, (d) mew, (e) choke by pair following grass presentation by standing bird, (f) head-toss
(adult female on left) before regurgitation by mate to chick.

and 0.34 *+ 0.04/h, respectively) or bouts of nest-
substrate collecting (x = 0.18 £ 0.05/h and 0.14
+ 0.08/h, respectively). The mean nest-relief
interval was 5.3 * 0.6/h, and males fed females
at the nest site only infrequently following
clutch completion (x = 0.007 £ 0.006/h). Fol-
lowing chick hatching, males and females did
not differ in terms of time in attendance on the
territory, and both sexes participated equally
(x = 13 £ 5 min/h and 18 * 5 min/h, respec-
tively) in brooding chicks during the first week
following hatching (Fig. 2).

Males and females did not differ significantly
in terms of which hours of the day they were
in attendance during either the pre- or post-
hatch periods. The overall adult attendance
pattern did change, however, following hatch-
ing (Fig. 3). During the pre-hatch period, max-
imum numbers of adults were in attendance
on territories during early morning, late after-
noon, and evening hours, and territories were
generally left unattended for no longer than 1-
2 min. During these brief absences, the adult
in attendance generally flew out over the col-
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ony, defecated, and then returned to incubate.
In contrast, during the post-hatch period, one
or sometimes both mates left the territory in
early morning (presumably to forage to feed
their chicks), and maximal numbers of adults
were observed on the territories only in late
afternoon and evening. Temporary adult de-
sertion of territories increased steadily from
0.2% of the total observation hours in the first
10 days of June to 46.3% of the observation
hours in the last 10 days of July. Some chicks
were left unattended for periods of up to 8 h,
and presumably both adults were out foraging
at these times. Although this pattern varied
between high- and low-density nesting areas
(Butler and Janes-Butler 1982), there were no
sexual differences in the proportion of time
spent away from the territory by pairs in these
areas. Attendance patterns during both the pre-
and post-hatch periods in 1980 were not af-
fected significantly by the occurrence of high
and low tides. This may be related to the fact
that, during 1980 breeding season, over 87%
of the food items identified (47% of all chick
feedings) consisted of fish [alewife (Pomolobus
pseudoharengus), herring (Clupea harengus),

lumpfish (Cyclopterus lumpus), mackeral
(Scombar scombrus), sculpin (Myoxocephalus
sp.), and unidentified fish remains] or pelagic
invertebrates [krill species and squid (Loligo
borealis)], organisms relatively independent of
tidal cycles. There were no sexual differences
in the types of food items fed to chicks. Males
and females did not differ in mean frequencies
of chick feedings (x = 0.50 = 0.06/h and 0.45 *
0.06/h, respectively), reconsumption of food
offered to chicks (£ = 0.12 £ 0.04/h and 0.13 +
0.03/h, respectively), or presentation of grass
or other substrate to chicks (x = 0.13 = 0.03/h
and 0.17 = 0.05/h, respectively).

Adult vocalizations that were directed at
chicks included long-calls, mews, and yelps.
Chicks that mandibulated the bills of recum-
bant adults and/or continuously solicited feed-
ings often elicited long-calls from their parents.
Adults also long-called when chicks left the ter-
ritory and/or when they returned to the terri-
tory, especially if neighboring adults were in
the area. Males long-called more than females
in this context (t = 32.5, n =19, P < 0.01).
Adults yelped and mewed most often before
feeding chicks. These vocalizations were also
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Fig. 3. Diurnal changes in both territorial atten-
dance (expressed as percentage total adults in atten-
dance) and the mean frequencies of agonistic acts for
adult gulls during the pre- and post-hatch periods.
Blackened portions of attendance bars represent per-
centage of territories left unattended during the post-
hatch period.

used by adults, however, when chicks were
out of sight in dense vegetation or when chicks
wandered too close to a territorial boundary or
a neighboring adult. Males yelped significantly
more often than females (f = 29.5,n = 19, P <
0.01), but there were no sexual differences in
the frequency of chick-oriented mews (Fig. 4).

Pair-bond related behavior.—Adults directed
long-calls, mews, yelps, chokes, and head-
tosses at their mates during both the pre- and
post-hatch periods (Fig. 5). Long-calls were
generally given to or by landing mates, and
males long-called more than females during
both the pre-hatch (t = 35.0,n = 19, P < 0.01)
and post-hatch periods (t = 41.5, n = 19, P <
0.025). Both males and females exhibited in-
creased frequencies of mate-directed long-calls
following chick hatching (t = 30, n = 19, P <
0.005andt = 0,n = 19, P < 0.005, respective-
ly). Mate-oriented mews and chokes, and to a
lesser extent head-tosses, appeared primarily
in the context of nest relief in both sexes. Head-
tossing also appeared in the context of limited
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mate feeding during the early pre-hatch pe-
riods, as well as during attempts by females to
eat food being presented by males to their
chicks during the post-hatch period. There were
no sexual differences in head-tossing during
the pre-hatch period (Fig. 5), but males mewed
(t = 46.0, n = 19, P < 0.025) and choked (t =
28.5, n = 19, P < 0.01) more than their mates.
Both sexes exhibited significant decreases in
mate-directed mews following hatching (males:
t = 13.0, n = 19, P < 0.005; females: t = 18.0,
n =19, P < 0.005), but only males choked (+ =
53.5, n = 19, P < 0.05) and head-tossed sig-
nificantly less frequently (t+ = 25, n = 19, P <
0.005) during this period. Finally, males and
females yelped before their own or their mate’s
aerial departure from the territory. Males yelped
in this context significantly more often than fe-
males, however, both before (t = 19.5, n = 19,
P < 0.005) and after (t = 11.5, n =19, P <
0.005) chick hatching. Intrasexual comparisons
of yelps before and after hatching revealed no
significant changes (Fig. 5).
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Fig. 5. Pre- and post-hatch comparisons of mean
frequencies of mate-oriented vocalizations exhibited
by adult males and females. Results of Wilcoxon
signed-ranks tests for intersexual comparisons (*) and
intrasexual comparisons between the pre- and post-
hatch periods (f) are indicated.

Agonistic behavior.—Agonistic interactions
accounted for 34% of all social interactions
during the pre-hatch period and 35% of all en-
counters during the post-hatch period. Males
and females exhibited marked sexual differ-
ences in agonistic behavior during both pe-
riods (Fig. 6 and 7). During the pre-hatch pe-
riod, males exhibited significantly greater
frequencies of low-level agonistic acts than did
females, including upright aggressive displays
(t = 13.5, n = 19, P < 0.001), face-off encoun-
ters (t = 12.0, n = 19, P < 0.001), and grass-
pulling bouts (t = 12.0, n = 19, P < 0.001; Fig.
6). There were no statistical differences in fre-
quencies of high-level agonistic acts in the pre-
hatch phase of the breeding cycle. During the
post-hatch period, males again displayed sig-
nificantly greater frequencies of upright ag-
gressive behavior (t = 27.5,n = 19, P < 0.01),
face-off interactions (t = 36.5, n =19, P <
0.01), and grass-pulling bouts (t = 12.0, n =
19, P < 0.001; Fig. 6). Males also charged con-
specifics significantly more often than did fe-
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Fig. 6. Pre- and post-hatch comparisons of the
mean frequencies of low-level agonistic acts by adult
males and females. Results of Wilcoxon signed-ranks
tests for both intersexual comparisons (*) and intra-
sexual comparisons between the pre- and post-hatch
periods (1) are indicated.

males (t = 36.0, n = 19, P < 0.01), although
there were no other significant differences in
frequencies of high-level agonistic acts follow-
ing chick hatching (Fig. 7). The frequency of
fights that males (x = 0.005 £ 0.004/h) and fe-
males (¥ = 0.002 * 0.002/h) engaged in did not
differ significantly.

Intrasexual comparisons of the pre- and post-
hatch phases indicated that, following hatch-
ing, males demonstrated significantly higher
levels of upright aggressive behavior (t = 28.5,
n = 19, P < 0.005), charges t = 35.5, n = 19,
P < 0.01), and chases (t = 0,n = 19, P < 0.001;
Figs. 6 and 7). Females showed changes only
in the frequency of low-level agonistic acts
during the post-hatch period. These included
significant increases in upright aggressive acts
(t = 18.5, n = 19, P < 0.005), face-off behav-
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mean frequencies of high-level agonistic acts for adult
males and females. Results of Wilcoxon signed-ranks
tests for both intersexual comparisons (*) and intra-
sexual comparisons between the pre- and post-hatch
periods () are indicated.

ior (t = 36.5, n =19, P < 0.01), and grass-
pulling (+ = 25.0, n = 19, P < 0.01; Fig. 6). The
frequencies of agonistic behavior displayed by
both sexes showed an abrupt and sustained
increase over the course of the entire post-hatch
period. Examination of the daily occurrence of
agonistic interactions from 0600 to 0900, 0900
to 1200, 1200 to 1500, and 1500 to 1800 revealed
no substantial differences during the pre-hatch
period (Fig. 3). Following hatching, however,
a distinct decrease in agonistic interactions for
both sexes was observed between 1200 and 1500
(Fig. 3). This decrease corresponded to gener-
ally higher ambient temperatures and the ten-
dencies for both adults and chicks to sleep or
remain inactive during these periods.
Vocalizations that were frequently exhibited
by adult gulls in agonistic contexts included
the long-call, yelp, choke, yeow, and gakker.
The long-call, yelp, and choke occurred most
frequently during conspecific overflights of the
territory, during interactions involving adja-
cent territory holders, when a neighboring
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Fig. 8. Comparisons of pre- and post-hatch mean

frequencies of vocalizations that were exhibited by
adult males and females in agonistic contexts. Re-
sults of Wilcoxon signed-ranks tests for both inter-
sexual comparisons (*) and intrasexual comparisons
between the pre- and post-hatch periods (t) are in-
dicated.

adult landed on its own territory, when other
adults gave long-calls or yelps, when two or
more neighboring territory holders that shared
a common boundary with a calling gull inter-
acted, or at times in response to a non-neigh-
boring intruder before a more high-level re-
sponse by the territory holder. The yeow and
gakker, which appeared to function more as
alarm or alerting calls, were observed most often
when a high-level agonistic interaction was in
progress near the territorial boundary of the
calling bird, when adults and chicks from two
different territories were in close proximity near
their mutual boundaries, when the calling
bird’s chick was in an adjacent territory, when
a calling bird was intruding into an adjacent
territory, or on windy days when large num-
bers of adults were soaring over a calling gull’s
territory. During the pre-hatch period, males
displayed significantly higher frequencies of
long-calls than their mates (t = 51.5, n = 19,
P < 0.05) but did not differ with regard to oth-
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Fig. 9.

Percentage of low- and high-level agonistic interactions between neighboring and non-neigh-

boring intruders and adult males (total of 442) and females (total of 192), during the pre- and post-hatch
periods. Results of Chi-square tests for both intersexual comparisons (*) and intrasexual comparisons be-
tween the pre- and post-hatch periods (f) are indicated.

er agonistic vocalizations (Fig. 8). Similarly,
during the post-hatch period, males showed
significantly higher frequencies only of long
calls (t = 4.0, n = 19, P < 0.001). Both males
and females displayed intrasexual increases in
the frequencies of both long-calls (males: ¢ =
0, n=19, P <0.001; females: t =0, n =19,
P < 0.001) and yeows (Males: t = 12, n = 19,
P < 0.001; females: t = 11, n = 19, P < 0.001)
following chick hatching (Fig. 8).

Males and females also displayed some dif-
ferences in agonistic behavior related to terri-
torial defense, depending on both the sex and
type of intruder (i.e. neighbor or non-neigh-

bor). Both males and females displayed signif-
icantly more high-level agonistic responses to
non-neighboring intruders than to neighbor-
ingintruders duringboth pre- (x* = 29.56,df =1,
P <0.001 and x*=6.06, df=1, P <
0.05, respectively) and post-hatch periods (x* =
147.22,df = 1, P < 0.001 and x* = 26.07, df =
1, P < 0.001, respectively; Fig. 7). During the
post-hatch period, however, males displayed a
significantly greater proportion of low-level re-
sponses to neighbors (x* = 11.58, df = 1, P <
0.001) and high-level responses to non-neigh-
bors (x* = 4.68, df = 1, P < 0.05) than did fe-
males (Fig. 9). Comparisons of the pre- and
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Fig. 10. Percentage of low- and high-level terri-
torial interactions that occurred between three pos-
sible dyads; M/M = male-male (240 interactions),
M/F = male-female (147 interactions), F/F = female-
female (27 interactions). Results of Chi-square tests
of comparisons (*) of the distribution of low- and
high-level interactions between the pre- and post-
hatch periods are indicated.

post-hatch periods revealed no significant
changes in the frequencies of intrusions by
either neighboring (¥ = 0.12 + 0.03/h and
0.16 + 0.04/h, respectively) or non-neighbor-
ing conspecifics (t = 0.08 £ 0.02/h and 0.10 %
0.03/h, respectively).

Analysis of agonistic interactions between
neighboring territorial adults (in which the
sexes of both members of a dyad could be
identified) indicated that, during the pre- and
post-hatch periods, low-level agonistic inter-
actions occurred primarily between males and
high-level encounters occurred most often be-
tween male and female defenders (x* = 14.89,
df =1, P <0.001 and x* = 11.93, df = 1, P <
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0.01, respectively; Fig. 10). Female-female in-
teractions were rare and accounted for only 6%
of the agonistic encounters between neighbor-
ing pairs. These data reflect the type of re-
sponse directed at approaching males and fe-
males by defenders of the same or opposite sex
regardless of the phase of the breeding cycle.
Males approaching or intruding within a ter-
ritorial boundary generally elicited a low-level
agonistic act from defenders of either sex. Ap-
proaching or intruding females, however, were
significantly more likely to stimulate a high-
level response (e.g. attack, charge, or chase) by
both males (x> = 19.69, df = 1, P < 0.001) and
females (x* = 5.16, df = 1, P < 0.05; Fig. 11).

Pre- and post-hatch comparisons of male and
female reactions to the involvement of their
mates in an agonistic interaction (while both
members of the pair were in attendance) re-
vealed significant increases in the proportion
of agonistic responses by both males (x* = 6.46,
df = 1, P < 0.05) and females (x* = 6.03, df =
1, P < 0.05). In addition, males were much
more likely to exhibit agonistic responses to
aggressive interactions involving their mates
than were females (x* = 4.93,df = 1, P < 0.01).
Male involvement in these mate-neighbor in-
teractions was often closely preceded or fol-
lowed by the female mate’s withdrawal and
mewing return to the vicinity of the chicks.
Intermate agonistic interactions were infre-
quent and generally involved a male attacking
its mate as she attempted to eat food regurgi-
tated by the male to its chicks. Females were
never observed attacking their mates under
similar circumstances.

DiscussioN

The results of the present study of adult Great
Black-backed Gulls indicate that: (1) females
invested more time than males in territorial at-
tendance and incubation during the pre-hatch
period; (2) there were no sexual differences in
other types of offspring care or in territorial
attendance during the post-hatch period; (3)
males were more aggressive than females
throughout the season; (4) both males and fe-
males displayed increased investment in ago-
nistic behavior during the post-hatch period,
as well as increased levels of long-calls and
yeows in agonistic contexts; and (5) both sexes
showed a significant increase in the use of long-
calls, yelps, and mews in offspring-oriented
contexts.
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Agonistic behavior is an important invest-
ment for adults during the breeding season,
due to the potential risk of injury during high-
level agonistic interactions. Although attacks
and fights are relatively rare, some adults do
sustain eye and wing injuries during such en-
counters (pers. obs.). When compared with
their mates, males consistently displayed higher
frequencies of agonistic behavior, were more
likely to exhibit high-level agonistic behavior
towards non-neighboring intruders and female
neighbors, generally exhibited an aggressive
response to agonistic interactions between their
mates and other adults, and were always dom-
inant over their mates during interpair, ago-
nistic interactions. Pierotti’s (1981) observa-
tions of female Western Gulls attempting to
relieve their mates on the nest in response to
the landing of an intruder concurs with our
post-hatch data concerning similar situations
involving L. marinus pairs. This phenomenon
may actually represent a “manipulation” on the
part of the female for further investment by the
male. In fact, increased aggressiveness on the
part of male gulls may extend throughout the
year, as Monaghan (1980) observed that male
Herring Gulls were dominant over females and
juveniles during feeding interactions in winter
months. The relative risk to territory holders
of engaging in agonistic interactions with nor-
mally more aggressive males may be reflected
in the fact that intruding males generally elic-
ited low-level responses from neighboring de-

fenders of either sex, while female intruders
were more likely to stimulate high-level re-
sponses. The increased frequency of agonistic
acts, as well as vocalizations given in agonistic
contexts, by both sexes during the post-hatch
period was probably associated with move-
ments of chicks within the natal territory, the
presence and movements of chicks (and cor-
responding movements of adults) on neigh-
boring territories, the relative increase in the
number of adult overflights related to foraging
trips to feed chicks, and/or the increased in-
vestment adults have in older offspring. Pre-
viously reported post-hatch increases in terri-
tory size in Glaucous-winged Gulls (L.
glaucescens) (Hunt and Hunt 1976), Herring
Gulls (Burger 1980), and Great Black-backed
Gulls (Butler and Janes-Butler 1982) are also
probably related to increased offspring mobil-
ity.

Any explanation of sexual and seasonal dif-
ferences in vocalizations (and their associated
behavior patterns) necessitates some interpre-
tation of their functional significance. This is
sometimes difficult, because gull displays and
vocalizations may have multiple, context-de-
pendent messages and meanings (Beer 1975,
1980), and it is not always possible to deter-
mine context definitively. Choking, mewing,
yelping, and long-calling occurred in a variety
of contexts over the course of the breeding cycle.
Greater pre-hatch frequencies of male mewing
and choking (in mate-oriented contexts) may
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have been related to increased time investment
by females in incubation and corresponding
increased nest-relief attempts by males. The
post-hatch increases in frequency of both
mewing and yelping by both sexes were prob-
ably related to a major shift from agonistic and
mate-related encounters to parent-offspring
interactions. Both vocalizations (often given in
combination) appeared in function to attract
and/or locate chicks before feeding, when a
chick was separated from the adult(s) in dense
vegetation, when a chick had wandered out of
its natal territory, or when a chick was in the
vicinity of a neighboring adult. Evans (1980)
has suggested that parent-chick recognition of
individually distinctive mew calls in Ring-billed
Gulls is reinforced through feeding, and the
same may be true of the yelp of L. marinus in
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this context. Although the significance of con-
sistent sexual differences in yelping and long-
calling during both the pre- and post-hatch pe-
riods remains unclear, the use of the latter in
terms of advertisement and individual identi-
fication (Beer 1975, 1980), as well as the pos-
sible function of the yelp in this context, should
not be overlooked. Stout’s (1975; Stout et al.
1969) observations that the yelp of Glaucous-
winged Gulls followed the termination of ag-
onistic interactions are not inconsistent with
this suggested function.

Gakkering and yeowing in Great Black-
backed Gulls both appeared to function as alert/
alarm vocalizations. Gakkering occurred fre-
quently in agonistic contexts. It was also ob-
served, however, when a human intruder ap-
proached the colony. Adults generally yeowed
in response to high-level agonistic interactions
nearby or when a chick wandered into the vi-
cinity of a neighboring adult. This vocalization
also was given in response to human intru-
sions into the colony, however, and during rare
overflights of Ravens (Corvus corax). Both
vocalizations appeared to be highly socially fa-
cilitated and often resulted in alerting large
portions of the colony. The typical chick’s re-
sponse to these calls was to walk quickly out
of sight into dense vegetation on the territory.
We suggest that the post-hatch increase in fre-
quence of yeowing was related to the increased
vulnerability of mobile offspring to both con-
specific aggression and predation.

Head-tossing and its accompanying vocali-
zation have typically been ascribed the func-
tion of food-begging in female gulls during
courtship (Tinbergen 1959, 1960). Smith (1980)
has recently suggested that this type of behav-
ior is actually an investment “demand” on the
part of the females of some monogamous
species. In L. marinus adults, males typically
fed females during the pre-egg period, but both
members of the pair exhibited head-tossing
during the initial phases of courtship-feeding
sequences. The behavior persisted in both sexes
throughout the incubation period (even though
courtship-feeding did not) and was most fre-
quently observed when one adult joined its
mate on the territory. Following chick hatch-
ing, the frequency of male head-tossing de-
clined significantly, but females generally dis-
played this behavior during chick-feeding by
the male. Continued female head-tossing fol-
lowing chick hatching may represent further
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“manipulation” of males that facilitates close
approach of their mates to the site of chick
feedings. Males did not generally react aggres-
sively to approaching females that displayed
head-tossing, although males often rapidly re-
consumed food packages under these circum-
stances. Females were jabbed at or attacked by
their mates only when they attempted to con-
sume the food regurgitated for chicks. Females
that obtained food in this manner were often
observed feeding chicks themselves within an
hour.

Trivers (1972) defined parental investment as
“any investment by the parent in an individual
offspring that increases the offspring’s chance
of surviving (and hence reproductive success)
at the cost of the parent’s ability to invest in
other offspring.” In this regard, much of the
behavior displayed by an adult during the in-
cubation and chick phases of the reproductive
cycle (other than those that promote adult sur-
vival) may be considered investment in off-
spring. Trivers hypothesized that females (due
to the larger size of their gametes) already have
a greater investment in their offspring at fer-
tilization and therefore should be willing fur-
ther to invest more energy than males in pa-
rental care. Gladstone (1979), however, has
questioned the actual “cost” of female gamete
production relative to male energy expendi-
tures and risks with regard to such activities
as territorial defense. In fact, recent studies of
the breeding biology of Northern Gannets
(Morus bassanus; Montevecchi and Porter 1980)
and Black Skimmers (Rynchops niger; Burger
1981b) have stated that male parental invest-
ment may equal or actually exceed that of fe-
males. Care must be taken, however, in des-
ignating behavioral acts related to reproductive
effort as either parental investment or mating
effort. For example, male territorial defense be-
fore clutch completion may aid in avoidance of
cuckoldry, and agonistic behavior during this
period would be considered primarily mating
effort.

Moreover, interpretations of the relative in-
vestments of males and females in their off-
spring must be formulated cautiously because
of the difficulty of equating such factors as the
cost of gamete production, time spent in ter-
ritorial attendance and incubation, the energy
and risks involved in agonistic behavior, and
future benefits accrued from territorial defense
by site-tenacious species. Due both to the facts
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that data in the present analysis were collected
after clutch completion and that territorial de-
fense appears to be related to chick survival
(Butler and Janes-Butler 1982), we considered
agonistic behavior of Great Black-backed Gulls
in this study to be primarily parental invest-
ment. Although L. marinus females did invest
statistically more time than males in territorial
attendance (67% and 59%, respectively) and
incubation (57% and 43%, respectively), these
differences were small, and the activities in-
volved were relatively risk-free. In contrast,
males appeared to maximize their parental ef-
fort by investing significantly more in agonis-
tic behavior than did females during both the
pre- and post-hatch periods. In the absence of
sexual differences in other types of parental care
(e.g. post-hatch attendance, brooding, chick-
feeding, etc.), the results of the present study
strongly suggest that parental investment by
male Great Black-backed Gulls may equal that
of females. Pierotti (1981) observed a similar
investment pattern in Western Gulls, but fur-
ther investigation will be necessary to confirm
whether this is typical for larids in general.

ACKNOWLEDGMENTS

This research was funded in part by NIH grants
ES-00920 and 507-RR-05764, NSF grant DEB-7826821,
and a Sigma Xi award. We are indebted to Dr. David
Miller for sponsoring this work, to the Mount Desert
Island Biological Laboratory for the use of its facili-
ties, and to the National Audubon Society for its
continued cooperation in our research. Earlier drafts
of the manuscript benefited substantially from the
clarifying comments of Drs. J. Byers, W. Montevec-
chi, R. Pierotti, E. O. Price, and N. ]. Volkman. Fi-
nally, our special thanks to Capt. Steen L. Mery-
weather for his excellent logistical support in the field.

LiTERATURE CITED

Beer, C. G. 1975. Multiple functions and gull dis-
plays. Pp. 16-54 in Function and evolution in
behavior—essays in honor of Professor Niko
Tinbergen. (G. P. Baerends, C. G. Beer, and A.
Manning, Eds.). Oxford, Clarendon Press.

. 1980. The communication behavior of gulls
and other seabirds. Pp. 169-205, in Behavior of
marine animals, vol. 4: marine birds. (J. Burger,
B. Olla, and H. Winn, Eds.). New York, Plenum
Press.

BURGER, J. 1980. Territory size differences in rela-
tion to reproductive stage and type of intruder
in Herring Gulls (Larus argentatus). Auk 97: 733—
741.

1981a. On becoming independent in Her-



January 1983]

ring Gulls: parent-young conflict. Amer. Natur.

117: 444-456.

1981b. Sexual differences in parental activ-

ities of breeding Black Skimmers. Amer. Natur.

117: 975-984.

, & C. Beer. 1975. Territoriality in the
Laughing Gull (L. atricilla). Behaviour 55: 201-
220.

ButLEr, R. G., & S. JaANES-BuTLER. 1982. Territo-
riality and behavioral correlates of reproductive
success of Great Black-backed Gulls. Auk 99: 58—
66.

, & W. TRIVELPIECE. 1981. Nest spacing, re-
productive success, and behavior of the Great
Black-backed Gull (Larus marinus). Auk 98: 99—
107.

Evans, R. M. 1980. Development of individual call
recognition in young Ring-billed Gulls (Larus
delawarensis): an effect of feeding. Anim. Behav.
28: 60-67.

GrapstoNg, D. E. 1979. Promiscuity in monoga-
mous colonial birds. Amer. Natur. 114: 545-557.

Hanp, J. L. 1981. A comparision of vocalizations
of Western Gulls (Larus occidentalis occidentalis
and L. O. livens). Condor 83: 289-301.

Hunt, G. L., Jr., & M. W. Hunt. 1976. Gull chick
survival: the significance of growth rates, timing
of breeding, and territory size. Ecology 57: 62—
75.

InGoLFssoN, A. 1967. The feeding ecology of five
species of large gulls (Larus) in Iceland. Unpub-
lished Ph.D. dissertation. Ann Arbor, Michigan,
Univ. Michigan.

MonaGHAN, P. 1980. Dominance and dispersal be-
tween feeding sites in the Herring Gull (Larus
argentatus). Anim. Behav. 28: 521-527.

MonTEVECCHI, W. A. & J. M. PorTER. 1980. Pa-

Sexual Differences in Larus marinus Behavior 75

rental investments by seabirds at the breeding
area with emphasis on Northern Gannets, Morus
bassanus. Pp. 323-365, in Behavior of marine an-
imals, vol. 4: marine birds. (J. Burger, B. Olla,
and H. Winn, Eds.). New York, Plenum Press.

MoyniHAN, M. 1958. Notes on the behaviour of
some North American Gulls, II: non-aerial hos-
tile behaviour of adults. Behaviour 12: 95-182.

PierotT1, R. 1980. Spite and altruism in gulls. Amer.
Natur. 115: 290-300.

1981. Male and female parental roles in the
Western Gull under different environmental
conditions. Auk 98: 532-549.

SMiITH, S. M. 1980. Demand behavior: a new in-
terpretation of courtship feeding. Condor. 82:
291-295.

SouTHERN, L. K. 1981. Sex-related differences in
territorial aggression by Ring-billed Gulls. Auk
98: 179-181.

Stout, ]J. F. 1975. Aggressive communication by
Larus glaucescens. III. Description of displays re-
lated to territorial protection. Behaviour 54: 181~
208.

, C. WiLcox, & L. Crerrz. 1969. Aggressive
communication by Larus glaucescens. 1. Sound
communication. Behavior 34: 29-41.

TINBERGEN, N. 1956. On the functions of territory
in gulls. Ibis 98: 401-411.

1959. Comparative studies of the behav-

iour of gulls (Laridae): a progress report. Behav-

ior 15: 1-70.

1960. The Herring Gull's world. New York,
Basic Books, Inc .

Trivers, R. L. 1972. Parental investment and sex-
ual selection. Pp. 136-179 in Sexual Selection and
the Descent of Man (B. Campbell, Ed.). Chicago,
Aldine.




NEST MICROCLIMATE, WATER-VAPOR
CONDUCTANCE, AND WATER LOSS IN
HERON AND TERN EGGS

CaroL MasTeRs VLECK,! DAvVID VLECK,! HERMANN RAHN, AND
CHARLES V. PAGANELLI
Department of Physiology, State University of New York at Buffalo, Buffalo, New York 14214 USA

ABSTRACT.—Rates of water loss (MHZO) were measured in eggs of seven species of tree-
nesting Ciconiiformes and three species of ground-nesting Charadriiformes during natural
incubation. Measurements of egg temperature, conductance of the egg shell to water vapor,
and nest and ambient humidity allow one to calculate the difference in water-vapor pressure
(AP) between egg and nest and between nest and ambient air. AP between egg and nest
was significantly lower in ground-nesting species (23 torr) than in tree-nesting species (31
torr). We suggest that low AP in ground-nesting species was due to relatively high humidity
(ca. 27 torr) in nests built on the ground compared to the humidity in loose stick nests of
tree-nesting species (ca. 14 torr). Water-vapor conductance of eggs from more humid nests
is relatively higher than that of eggs from less humid nests (107% and 78% of predicted
values, respectively), resulting in similar fractional losses in mass for the whole incubation
period in both groups of birds. My,, was not always constant throughout incubation. We
suggest that changes in My, may be due to changes in ambient humidity and/or egg tem-

perature. Received 29 December 1980, resubmitted 5 January 1982, accepted 5 July 1982.

AVIAN eggs lose water by diffusion through
pores in the shell. Total water loss during in-
cubation must be within certain limits for suc-
cessful development. Hatchability of chicken
eggs is optimal when total water loss is 10-12%
of initial egg mass (Lundy 1969), and water loss
of naturally incubated eggs of a wide variety
of birds averages about 15% (Drent 1975, Ar
and Rahn 1980). The rate of water loss from
eggs is determined by: (1) the pore geometry
(length, cross-sectional area, and number of
pores) of the eggshell, which determines water-
vapor conductance; (2) egg temperature, which
determines water-vapor pressure within the
egg; and (3) parental behavior, nest structure,
and ambient conditions, which interact to de-
termine water-vapor pressure in the nest.

We investigated the interaction of these fac-
tors in the water economy of 10 species of birds.
Although all the species studied nest in colo-
nies on small islands off the coast of North Car-
olina, their nesting habits fall into two distinct
categories. The herons, egrets, and ibis build
their nests in trees, usually 2-5 m above the
ground. Their nests consist of loosely woven

! Present address: Department of Ecology and Evo-
lutionary Biology, University of Arizona, Tucson,
Arizona 85721 USA.
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sticks and twigs and are sometimes so flimsy
that the eggs can be seen through the bottom
of the nest. The terns and gulls nest on the
ground. The terns lay their eggs in a scrape on
exposed sand, whereas the gulls construct nests
of vegetation that are usually placed under cov-
er of grass or small shrubs.

We measured rates of water loss and water-
vapor conductance of naturally incubated eggs
in each species and also measured egg tem-
perature, nest humidity, and ambient humid-
ity in four of these species. Results of this study
suggest that the difference in water-vapor
pressure between an egg and its microenviron-
ment is less in the ground nests of gulls and
terns than it is in the tree nests of herons.

MATERIALS AND METHODS

Birds and study area.—We studied eggs of 7 species
of herons, egrets, and ibis (Table 1), and 3 species
of gulls and terns. The Ciconiiformes were nesting
in trees on two small islands in the estuary of the
Newport River near Beaufort, North Carolina. Royal
Terns (Sterna maxima), Sandwich Terns (S. sandvi-
censis), and Laughing Gulls (Larus atricilla) nested on
Morgan Island, a dredge spoil island near the tip of
Cape Lookout, North Carolina. The two terns nested
together in dense colonies on sparsely vegetated or
bare sand, and Laughing Gulls nested on the ground
in nearby vegetation.

The Auk 100: 76-83. January 1983
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Great Egret egg temperature. The top trace is the temperature at the top of the egg, adjacent to

the brood patch, and the lower trace is the temperature at the center of the egg. Egg position was maintained
in the nest by the thermocouples, which were threaded through the nest and run to the chart recorder.

Rates of water loss.—The change in egg mass dur-
ing incubation is due almost entirely to water loss
(Drent 1970). We determined rates of water loss (My,0)
from naturally incubated eggs by weighing the eggs
in the field at 2- to 6-day intervals with a Torbal
torsion balance readable to £0.01 g.

Physical characteristics of the egg.—The water-va-
por conductance (Gy,o) of eggs was measured using
the method of Ar et al. (1974) in which water loss of
eggs in a desiccator at constant temperature is mon-
itored by measuring change in mass. Gy, varies with
egg temperature and barometric pressure. To permit
comparison with other published data we converted
all our reported values to 25°C and 760 torr (101.3
kPascals) using the procedures described by Paga-
nelli et al. (1978). The Gy,0 at an incubation temper-
ature of 37°C is 1.02 times the value at 25°C.

The initial mass of eggs that were collected was
measured by refilling the air cell with water at the
conclusion of the experiment. For eggs that were not
collected, we calculated initial mass from the egg’s
dimensions by the method of Hoyt (1979), using
species-specific weight coefficients (K,.) determined
from the collected eggs.

Egg temperature during incubation.—We measured
egg temperatures with forty-gauge copper-constan-
tan thermocouples implanted in eggs of Great Egrets
(Casmerodius albus), Cattle Egrets (Bulbulcus ibis),
White Ibis (Eudocimus albus), and Royal Terns. Two
thermocouples were glued into the bird’s own egg
using fast-setting epoxy, one at the top of the egg
and one in the center of the egg (see Fig. 1). In egret
and ibis nests the thermocouple egg was placed as
close as possible to the center of the 2- to 4-egg clutch,

with the top thermocouple adjacent to the brood patch
of the adult. The egg was anchored in place by the
thermocouple leads passing through the bottom of
the nest. Royal Terns usually lay a single egg, and
orientation of the thermocouple egg in the nest cup
was fixed by burying the thermocouple leads in the
sand under the egg.

Egg temperature was recorded continuously with
an Omega thermocouple D.C. millivolt amplifier and
a battery-operated Linear chart recorder. We cali-
brated the recorder-thermocouple system before and
after each series of measurements against an NBS-
certified mercury thermometer. All the species stud-
ied incubated essentially continuously, so egg tem-
peratures did not vary by more than a few degrees.
The egg temperatures we report are means of tem-
peratures taken at 30-min intervals from continuous
records made during uninterrupted incubation.

Water-vapor pressure.—Water-vapor pressures in
the macroenvironment around the nests (P;) were
measured in two ways. We calculated P, from the
relative humidity and temperature record of a clock-
driven Serdex hygrothermograph situated about 0.5
m above the ground in the vicinity of the nests. The
hygrothermograph was calibrated using saturated salt
solutions (Winston and Bates 1960), and was found
to be accurate within 1 torr (= 133 Pa) in the range
of temperatures and relative humidities encoun-
tered. We also measured mean P, using “egg hygro-
meters” (Rahn et al. 1977). These consisted of chick-
en eggshells of known Gy, filled with silica gel and
weighed to the nearest 0.1 mg in the laboratory be-
fore and after the period of measurement. Because
'he desiccant holds humidity inside the shell near
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F1G. 2. Rates of water loss from eggs as a function
of time. Lines connect mean values during each in-
terval plotted at the midpoint of the interval. Vertical
bars extend only *1 standard error for clarity of pre-
sentation. Number of eggs in each group are: Royal
Tern (12), Sandwich Tern (12), Cattle Egret (13), White
Ibis (8), and Laughing Gull (13). Numbers under the
values for Cattle Egret eggs are the mean ambient
water-vapor pressures for the same interval.

zero, mean water-vapor pressure (Py,o) around such
a hygrometer egg can be calculated from the equation
Puo = Mp,0/Guo, Where My,o is the rate of water
absorption of the egg in mg-day~? and Gg, is water-
vapor conductance in mg(day - torr)~. We placed egg
hygrometers under nests of Great Egrets and White
Ibis for 2-3 days to determine mean P; and at the
same time placed another egg hygrometer in the nests
to determine water-vapor pressure around the eggs
in the nest (Py). The chicken-egg hygrometers dif-
fered in color and were slightly larger than the birds’
own eggs, but with the exception of one Great Egret
that destroyed a hygrometer, the adult birds incu-
bated hygrometer eggs along with their own.

REesuLTS

Mean daily rates of water loss varied directly
with egg size, ranging from 121 mg-day™' in
Snowy Egret (Egretta thula) eggs to 321 mg-
day™! in Royal Tern eggs (Table 1). The My,
of Sandwich Tern and Royal Tern eggs in-
creased significantly (paired t-test, P < 0.01 and
P < 0.001, respectively) from each interval to
the next (Fig. 2). The My,, of Cattle Egret eggs
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TABLE 2. Ambient and egg temperatures measured
at the center and top of the egg from two Great
Egret nests and one nest of each of the other species.
Numbers shown are means of temperatures taken
at 30-min intervals + SD; number of hours of ob-
servation in parentheses.

Temperature (°C)

Egg

Species Ambient  Center Top

Great Egret 16.7 343+14 36916
(27.5) (28.5)

Cattle Egret 21.7 368 +08 375+1.1
(44) (25

White Ibis 20.5 — 37.1+ 1.0
(20)

Royal Tern 24.3 378+ 0.7 39212
(13) (9.5)

declined between intervals and declined sig-
nificantly (P < 0.001) during the last interval.
There was no consistent trend in My,o of the
other species. Mean values for each species are
listed in Table 1.

The Gy, values for the various species are
listed in Table 1. White Ibis eggs had an un-
usually wide range of Gy, values, from 3 to 15
mg(day- torr)™*.

Mean temperature in the middle of the egg
ranged from 34.3°C in Great Egret eggs to 37.8°C
in Royal Tern eggs (Table 2). A significant ver-
tical temperature gradient existed through all
of the eggs measured. Temperature at the top
of the egg, that part in closest contact with the
brood patch of the incubating adult, averaged
1.6°C higher than at the middle. Temperatures
were recorded simultaneously at the center and
top of one Great Egret egg for 14 h, and a mean
gradient of 4.5°C + 1.2 (¥ £+ SD) was found over
a distance of 20.5 mm (Fig. 1).

Ambient and nest water-vapor pressures for
Cattle Egret, Great Egret, White Ibis, and Royal
Tern nests are shown in Table 3. Mean P; val-
ues determined with the hygrothermograph
and with egg hygrometers placed directly un-
der heron nests over the same time interval
were not significantly different (P > 0.5), and
no distinction is made between the two meth-
ods.

The Py values were calculated as follows.
Water loss from an egg can be expressed by a
form of the Fick diffusion equation as

MH;() = Gu,oPs — Py, (1)
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TaBLE 3. Mean water-vapor pressure in eggs (P.),
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in nests around eggs (Py), and in ambient air around

nests (P;) during incubation in four species of birds. T,,, is estimated egg-surface temperature. See text

for discussion of calculations.

Estimated Py (torr)

Tegs P, AP =P, — Py P, — AP Egg hy- P;
Species Q) (torr) (torr) grometer (torr)

Great Egret 35.6 44 30 14 15 12

Cattle Egret 37.2 48 30 18 — 16
(17-22)2

White Ibis 37.1 47 36 11 14 11

Royal Tern 38.5 51 24 27 — 15
(26-30)*

® Range of Py given range in AP (Table 1).

where P, is the water-vapor pressure in the
egg and Py is the water-vapor pressure in the
nest around the egg (Rahn and Ar 1974). The
term AP = (P, — Py) is the driving gradient
for water loss and can be estimated as AP =
Mp,o/Guo (Table 1). The Py is then equal to
(P, — AP) and can be calculated in two ways.
First, for hygrometer eggs incubated with the
natural clutch, P, = 0, so Py = My,/Gy,o. Here,
My, is the rate of water uptake, not water loss.
Second, for a natural egg, P, approximates the
water-vapor pressure at saturation at egg tem-
perature, so Py = P, — My,0/G 0. Both tech-
niques yield similar estimates of Py in Great
Egret and White Ibis nests. We used only the
second method to estimate Py in Royal Tern
and Cattle Egret nests. Because average Mu,o,
and thus AP, varied over time in these two
species, we calculated a range of Py using the
highest mean M o and the lowest mean MHZO
(Table 3).

Egg-surface temperatures used to estimate P,
were assumed to be midway between temper-
atures recorded from the top and middle of
continuously incubated eggs (Table 2), except
for White Ibis eggs, for which we measured
temperature at the top of the egg only. We sug-
gest later that egg temperature, and thus P,
may rise during incubation. If a temperature
of 35°C was associated with the earliest and
lowest measured M, and a temperature of
39°C with the latest and highest measured Mino
in the Royal Tern, then Py would change from
21 to 28 torr over the course of incubation.

The AP values for each of the 10 species we
studied are reported in Table 1. For the three
species in which My,, was not constant, the
range in AP is shown. The mean AP for seven

tree-nesting Ciconiiformes was 30.7 * 3.3 torr
(¢t = SD), whereas the mean for the three Cha-
radriiformes was only 23.0 % 0.6 torr. The dif-
ference between the two groups is significant
(t'=5.95, P <0.01).

DiscussioN

Nest humidity.—The data we present can be
used to compare the microclimate around eggs
in the loose stick nests of herons, egrets, and
ibis with that around eggs in the ground nests
of gulls and terns. Our results show that ground
nests are significantly more humid than tree
nests in the same macroenvironment.

The difference in AP between tree- and
ground-nesters (Table 1) must result from dif-
ferences in P,, Py, or both between the two
classes of nests. We did not measure P, di-
rectly, but used egg temperatures to estimate
P, values (see Results). If incubation temper-
atures of gull and tern eggs were 3—4°C lower
than incubation temperatures of egret, ibis, and
heron eggs, P, and AP of the former would be
reduced by enough to account for the observed
difference (7.7 torr) in AP. This is not the case,
however. The average temperature of a Royal
Tern egg was actually higher than tempera-
tures of Great Egret, Cattle Egret, or White Ibis
eggs (Table 2). For seven species of gulls and
terns for which egg temperatures have been
reported (Howell and Bartholomew 1962, Drent
1970, Morgan et al. 1978, Rahn and Dawson
1979, Pettit et al. 1981), average egg tempera-
tures are in no case lower than those we mea-
sured in egrets and ibis.

We conclude that the difference between AP
values for the two groups must be due to a
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difference in Py. That is, the ground nests of
gulls and terns are more humid than tree nests
of herons, egrets, and ibis in the same mac-
roenvironment. In four species, we have the
data necessary to estimate Py itself, and not
just AP (Table 3). The estimated mean Py around
a Royal Tern egg is 9-16 torr higher than that
around Great Egret, Cattle Egret, or White Ibis
eggs.

High P, in ground-nesters initially seems
surprising. To the human observer the bare
open sand on which the terns nest is a more
desiccating environment than are the often
shaded nest sites of herons. Both groups of
birds incubate nearly continuously, so differ-
ences in parental attentiveness are unlikely to
account for the differences in Py. Rather, the
likely explanation for the observed difference
can be found from a consideration of the sources
of water vapor in a nest and the avenues for
water loss from the nest. Tree-nesting herons
build loose stick nests that do not present much
of a barrier to convective and/or diffusive gas
exchange. Water vapor added to the nest from
the egg or incubating adult is quickly lost to
the ambient air. When ambient conditions are
similar, ground nests have higher Py than tree
nests for three reasons: (1) the ground itself is
an important source of water vapor (Geiger
1965), (2) the relatively solid surface of the
ground reduces water loss from the nest by
convection and diffusion, and (3) wind speed
on the ground is less because nests are in the
boundary layer. The P of the Great Egret and
White Ibis nests measured with egg hygrom-
eters was only 0-3 torr higher than water-vapor
pressure in the macroenvironment (P;), while
the calculated mean Py in the Royal Tern nests
was 12 torr higher than water-vapor pressure
in the macroenvironment (Table 3).

Our data provide direct evidence that nest
site and structure can have a significant effect
on the gradient in water-vapor pressure be-
tween the nest and the macroenvironment. Data
compiled by Walsberg (1980) provide an in-
dependent test of this hypothesis. In 10 ground-
nesting species the mean gradient of water-va-
por pressure between nest and ambient con-
ditions (P, — Py) was 8.2 * 4.3 torr (¥ * SD).
For two tree-nesting species (Anous tenuirostris
and Gygis alba) the mean gradients were 3 and
0 torr, respectively. Despite differences among
investigators, their techniques, and the habi-
tats in which they worked, the difference in
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P; — Py between ground nesters and tree nes-
ters is marginally significant (Mann-Whitney
U =19, P = 0.1). If we include data from the
four species reported here, the difference be-
comes highly significant (P < 0.01).

Egg water-vapor conductance.—Nest humid-
ity is of physiological significance to a devel-
oping embryo, because it affects My, and the
hydration state of that embryo, but Mp,o de-
pends on Gy,o as well as on AP. In order to
compare Gy, values between different species,
it is necessary to take the effects of egg size
and incubation period into account. Hoyt (1980)
presented an equation that expresses the in-
terrelation between these parameters for 143
species of birds:

Gyo = 2.32 (MO97[073), 2

where M is initial egg mass in g and I is in-
cubation period in days. If our measured G,
values are expressed as a percentage of the val-
ue predicted for eggs of the same M and I from
equation 2, Gy, averages 78 = 11% (¢ * SD)
of the predicted values for 7 tree-nesters and
107 * 6% for 3 ground-nesters. These two per-
centages are significantly different (¢’ = 5.36,
P < 0.01). That is, eggs laid in stick nests in
trees, which are incubated in less humid mi-
croenvironments, have relatively lower Gy,
than eggs of ground nesters, which are incu-
bated in more humid microenvironments.
Lombholt (1976) and Birchard and Kilgore (1980)
reported a similar relationship between Gpy,o
and nest humidity in several other species of
birds.

Because Gy, is high in ground-nesting
species, where AP is low, and low in tree-nest-
ing species, where AP is high, the total water
loss during incubation, expressed as a fraction
of initial mass (F), is not significantly different
between the two groups (Table1,t = 0.44, P >
0.5). Estimates of F depend on My, which is
not always constant (see below). The measure-
ments of My, that we used to estimate I ex-
tended over 45-90% of the incubation period
for each species, however, so it is unlikely that
M m0 could vary enough during the remainder
of the incubation to change the conclusions
above.

Changes in rates of water loss from eggs.—In
the Royal Tern, Sandwich Tern, and Cattle Egret
daily rates of water loss during natural incu-
bation changed with time (Fig. 2). Because few
studies of egg water loss have been carried out
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over the whole incubation period, it has gen-
erally been assumed that ano remains con-
stant. Drent (1970), however, showed that the
My, increased during the early stages of in-
cubation in the Herring Gull (Larus argentatus),
and My, of eggs of four other gulls also varies
over time (Morgan et al. 1978, Rahn and Daw-
son 1979). Change in rate of water loss from an
egg can result from one or more of the follow-
ing: (1) change in Gy,q; (2) change in nest hu-
midity, Py; or (3} change in P,, due to change
in surface temperature of the egg.

Water-vapor conductance of eggs increases
during the first few days of incubation in sev-
eral species of passerines but is relatively con-
stant after the development of the choricallan-
tois (Carey 1979, Hanka et al. 1979, Birchard
and Kilgore 1980, Sotherland et al. 1980). Most
of our measurements of Gy,, were made using
eggs that had been incubated at least 10 days
(the same eggs in which we measured My,o).
Exceptions were the Laughing Gull eggs, which
were all freshly laid, and some White Ibis eggs.
We could detect no significant change in Gy,
of White Ibis eggs during development (t =
0.98, P > 0.2). The Gy, of 12 freshly laid eggs
was 8.59 = 2.20 mg(day-torr)™* (¢t + SD), and
the Gy, of 13 eggs containing well-developed
embryos was 7.00 + 2.49 mg(day - torr) . It may
be that Gy,0 increases with development of the
chorioallantois only in small (<10 g) eggs, as
Birchard and Kilgore (1980) suggested. Even if
G0 changes early in incubation, such changes
cannot account for the variations in MHZO of
Royal Tern and Cattle Egret eggs very late in
incubation.

In the absence of any evidence that Gy,o
changes during middle to late incubation, these
changes in My, are presumably due to changes
in nest humidity, egg temperature (and hence
P,) or both. Our measurements of egg tem-
peratures and nest humidities did not extend
over the entire period of MHzO measurements,
so we cannot be certain of what caused the
observed changes in Mu,o. The available data,
however, suggest that changes in Py may be
sufficient to account for the variation in My,
in Cattle Egret eggs, but not in the two tern
species.

For 7 of the 10 species in which we measured
Mp,o, neither My,e nor ambient humidity
changed significantly during the period of
measurement. The gradual decline in My,, of
Cattle Egret eggs, however, was correlated with
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a gradual increase in P;, the average humidity
in the macroenvironment (Fig. 2). The close
correlation between Py and P; in ciconiiform
nests (Table 3) suggests that Py might have in-
creased by an equivalent amount, about 7 torr.
All other things being equal, this would reduce
AP, the gradient driving water loss from the
egg, and therefore reduce My,, (see equation
1). The predicted reduction in My, closely ap-
proximates the observed changes.

The observed increases of 20% and 17% in
My,, in Sandwich and Royal terns, respective-
ly (Fig. 2), cannot adequately be accounted for
by changes in P,. At least part of the increased
rate of water loss may be due to an increase in
surface temperature of the egg. Drent (1970)
found that temperature in the nest of the Her-
ring Gull and in the center of the egg rose
steadily during the first two-thirds of incuba-
tion. In addition, heat production of the de-
veloping embryo late in incubation is sufficient
to raise egg-surface temperature in some species
(Drent 1970, Vleck unpubl.). Even at a constant
nest humidity, the observed 17% increase in
Mu,o in Royal Tern eggs could be accounted
for by only a 1.3°C rise in mean surface tem-
perature of the egg. A complete understanding
of the causes of variation in My, will require
measurement of Gy,o, Py, and egg temperature
throughout the incubation period.
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HUNTING BEHAVIOR, PREY SELECTION, AND
ENERGETICS OF SNAIL KITES IN GUYANA:
CONSUMER CHOICE BY A SPECIALIST

STEVEN R. BEISSINGER!
Department of Zoology, Miami University, Oxford, Ohio 45056 USA

ABsTRACT.—The hunting behavior, snail size selection, and time-activity patterns of non-
breeding Snail Kites (Rostrhamus sociabilis sociabilis) were studied in Guyana rice fields. Kites
spent 62% of the photoperiod perching, 19% foraging, 13% in maintenance activities, and
6% flying. As the day progressed, the percentage of daylight hours spent perching increased
significantly, while foraging decreased significantly. Kites successfully captured and in-
gested Pomacea snails in 78% of the foraging bouts observed. The mode of hunting was
evenly split between coursing (50.7%) and still-hunting (49.3%). Searching and returning
times were related to time of day, as significantly more coursing hunts and still-hunts
occurred in mornings and late afternoons, respectively. Prey handling time was the most
time-consuming component of a foraging bout. Time spent searching for prey, returning,
or handling prey was not related to snail size. The size distribution of captured snails
differed significantly from that of available snails; kites selected more medium snails and
fewer small snails and took large snails in equal frequency to that at which large snails were
available. Kites captured the same-sized snails when coursing as when still-hunting. As rice
grew, kite utilization of rice fields declined, and the frequency of still-hunting decreased
while course-hunting attempts increased. The daily caloric intake of kites was estimated to
be 104.2 kcal, the daily energy expenditure 85.7 kcal. Results are discussed in relation to
consumer choices of specialists. The most important decision a foraging Snail Kite may
make is what patch to search in and how long to search before abandoning patches. Received

14 January 1982, accepted 28 June 1982.

LrTTLE is known about the hunting behavior
and foraging ecology of the Snail Kite (Rost-
rhamus sociabilis). Long recognized as an ex-
treme diet specialist, the Snail Kite feeds
almost exclusively on Pomacea snails (Haver-
schmidt 1962, Snyder and Snyder 1969, Voous
and van Dijk 1973; for exceptions see Sykes and
Kale 1974, Beissinger in prep.). A kite captures
a snail by flying over a marsh, extending a foot,
and grabbing the mollusc with long toes near
the water surface. It then perches in order to
extract the body from the shell with its thin,
sharply hooked bill. Two modes of hunting
have been observed (Snyder and Snyder 1969,
Haverschmidt 1970): “still-hunting” kites vi-
sually search from a perch and capture a snail
near that perch after a short flight; “course-
hunting” kites fly 3-5 m above a marsh, usu-
ally facing into the wind, visually searching
until a capture occurs. Snyder and Snyder (1969)
and Voous and van Dijk (1973) described in

' Present address: School of Natural Resources,
University of Michigan, Ann Arbor, Michigan 48109
USA.
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detail how kites extract and consume snails,
but there is no quantitative information on the
behavior and energetics of kite foraging. In this
paper, I describe the foraging ecology of the
Snail Kite (R. s. sociabilis) on the basis of field
observations of hunting behavior, activity pat-
terns, and prey selection in rice fields in Guy-
ana, South America.

STUDY AREA AND METHODS

Studies were conducted from July-August 1977 at
the Rice Research Station and surrounding rice fields
on the coastal lowlands (1.4 m below sea level) at the
Mahaicony and Arbary Rice Development Scheme
(MARDS), Burma, Guyana, South America (6°28'N,
57°45'W). The freshwater marshes or mangroves that
once covered this region have been almost totally
replaced by rice cultivation (6,721 ha in 1976; Ken-
nard pers. comm.), with few fields remaining fallow.
There are two rainy and two dry seasons (Cummings
1965). Rainfall during the study period totaled 14.76
cm in July, the end of the long rainy season, and 3.84
cm in August, the onset of the short dry season. Dai-
ly minimum and maximum temperatures ranged from
22-31°C. For a more detailed description of the study
area, see Giglioli (1959), Osborne and Bourne (1977)
and Bourne and Osborne (1978).

The Auk 100: 84-92. January 1983
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A 26-ha study site of seven fields was selected for
behavioral observations of kites. Strip censuses of
Snail Kites and Limpkins (Aramus guarauna) were
made one to five times weekly from 0700 to 0800.
Fieldwork was initiated near the time of sowing. Rice
had reached full height by the end of the study 6-8
weeks before harvest.

I marked 14 fence posts on the border between two
fields and cleared the surrounding area of old snail
shells so that I could sample the size of snails selected
by kites. As many as 14 kites were observed foraging
from these posts during strip censuses but four was
the average. Posts were selected because of easy ac-
cessibility and use by foraging kites. Fence posts
ranged from 7 to 17 cm in diameter and 1 to 1.5 m
high. Empty snail shells were collected from beneath
each post on 14 occasions with periods of 2448 h
between collections. Aperture length was measured
to the nearest millimeter, and after one week three
size classes were delineated: small (11-24 mm), me-
dium (24-28 mm), and large (29-36 mm).

I attempted to estimate the relative abundance of
the three size classes of snails in the two fields from
late July through early August. Because water tur-
bidity was great, 1 could not detect snails visually. I
collected snails by walking or crawling a transect
through the field, tactilely searching the mud and
plant surfaces with both hands. A total of 20 h was
spent sampling snails in kite feeding areas. Thirty-
four of these snails (13 large, 9 medium, and 12 small)
were collected for caloric analyses. After extraction
from the shell, albumen glands were discarded (as
kites do not generally ingest them; see Snyder and
Snyder 1969), and each snail was oven dried for 28
h at 100°C, when dry weight became constant. Ten
snails were individually ground in a Wiley Mill, and
caloric determinations were made on 40-mg samples
of each through use of a Phillipson Microbomb cal-
orimeter.

I monitored Snail Kite activities by observing focal
individuals (Altmann 1974) chosen at random for 15-
min periods from 20 to 75 m away through spotting
scope and binoculars. As there was no breeding col-
ony of kites in the vicinity and kites that were ob-
served extracted and ate snails in the study area, none
of the focal individuals was assumed to be breeding
during the time of the study. Activities were record-
ed directly into a tape recorder and later timed to the
nearest second with a stop watch. Three time periods
were chosen a priori to homogenize air temperature
trends within periods (morning: from sunrise at 0630
to 1100; midday: from 1100 to 1500; and late after-
noon; from 1500 to 1830, just before sunset). A total
of 60 focal samples was distributed almost evenly
throughout the daylight hours (morning 19, midday
21, late afternoon 20). I tried not to sample the same
kite more than once a day by sampling during only
one time period a day.

Activities were categorized as follows. (1) Perched
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birds were sitting upon a fence post, vegetation, or
mudflat. It was not possible to determine reliably
whether perched birds were engaged in searching
activities (i.e. still-hunting), and no attempt was made
to separate perched birds into those searching or those
not searching for snails. Thus, still-hunting kites vi-
sually searching for prey while perched were includ-
ed in this category. (2) Maintenance activities in-
cluded preening, scratching, feather ruffling, wing
stretching, wing drying, and bill cleaning. (3) Flying
was defined as movements for the purpose of chang-
ing location of perches or hunting areas, as well as
flights to or from roosting areas. (4) Aggression was
observed mainly in the form of the supplanting of
one individual by another or by active chasing of
another kite. Finally, (5) foraging included all activ-
ities associated with the capture and ingestion of
snails. A foraging bout was composed of searching
(flight in the pursuit and capture of snails, including
both coursing and still-hunting), returning (flight
from the point of capture to any perch where the prey
was consumed), and handling (the extraction of a
snail from its shell and ingestion). The time between
foraging bouts (“between’”) was calculated as the
amount of time that elapsed between ingestion of a
snail and the initiation of the next searching flight.
For each capture clearly observed (79% of the cap-
tures), I visually estimated the snail size class. From
experience gained while measuring over 1,000 snail
shells, T usually was able to estimate the aperture
length within 1 mm. A comparison of my estimate
of the distribution of snail size classes that kites fed
upon during periods of behavioral observation and
the distribution of snails collected beneath feeding
perches revealed no significant difference (x* = 0.94,
df = 2, 0.50 < P < 0.70). This supported my ability
to assign captured snails correctly to the three size
classes.

Statistical analyses were conducted using para-
metric procedures on the Statistical Analyses System
(5.A.S.) at Miami University and Wayne State Uni-
versity. Assumptions of normality and homoscedas-
tiscity of parametric models were tested by inspect-
ing scatter and residual plots, skewness and kurtosis
coefficients, and comparing sample variances. Non-
parametric statistics were used when assumptions
were violated. Because percentage data were not nor-
mally distributed and often outside the 30-70% in-
terval, they were arcsine transformed before analy-
ses. Differences were designated as significantif P <
0.05.

ResuLTs AND DiscussioN

Daily activity.—5Snail Kites usually arrived
individually at foraging stations, presumably
from a communal roost to the north, between
dawn (0630) and 1100, with occasional arrivals
or departures during the course of the day.
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Fig. 1. The activity pattern of Snail Kites in Guyana rice fields relative to time of day. Different letters
within activity types indicate significant differences between time period means as tested by Duncan’s

Multiple Range test.

Twice, I observed group movements away from
the study area during the day. It appeared,
however, that most of the individuals foraging
in the area remained there for the entire day
until departing for the roost again 0.5-1 h be-
fore sunset. Although kites were not individ-
ually marked, certain fence posts were consis-
tently occupied during some periods of the
study, perhaps by the same individual.

The diurnal activity pattern of Snail Kites is
presented in Fig. 1. Kites spent the majority of
the daylight hours perching (62%), followed by
foraging (19%), maintenance (13%), and flying
(6%). Less than 0.1% of the photoperiod was
spent in aggressive behavior, which was ob-
served only twice during the 60 sampling pe-
riods. Although aggression associated with
feeding territories has been occasionally ob-
served in Florida (Snyder and Snyder 1970), I
saw no evidence of this in Guyana. Because
aggressive behavior was a minor proportion of
Snail Kite activities, it was excluded from the
remainder of the analyses in this paper.

Activity patterns changed with time of day:
the percentage of photoperiod spent perching
increased significantly from morning to mid-
day and late afternoon, while foraging de-
creased significantly during this time (Fig. 1).
As it was not possible to determine reliably
whether a perched kite was searching visually
for prey (still-hunting) or simply resting, all
perched kites were assumed to be resting,
which resulted in lower foraging and increased
resting values. This bias does not apply to en-
ergy budgets constructed later from these data,
however, as the energetic cost of perching and

perching while visually searching are nearly
identical (King 1974).

Despite fluctuations during the day in the
amount of time spent in maintenance and flying
activities, no statistically significant trends were
noted (Fig. 1). Maintenance was highest in the
morning, most likely in response to frequent
morning rainstorms. Morning values for flying
were lowest but would have been higher if
flights from the roost to the foraging grounds
could have been observed.

Hunting behavior.—I observed 74 foraging
bouts by kites, and 82% of these were suc-
cessful. All food items were Pomacea snails. In
only 78% of the bouts was the snail completely
ingested, however, as kites dropped snails
three times during the process of handling them
on a perch. On one of these occasions, a young-
of-the-year kite (identified by plumage char-
acteristics; Haverschmidt 1968) had difficulty
perching with the snail in its talons, a behavior
often seen in young kites in Florida (pers. obs.).
I do not know in the other two cases whether
the snails were rejected purposely (e.g. a cap-
ture of an empty shell) or dropped accidently.
In summary, Snail Kite predatory efficiency was
similiar to the mean value of 73% that Collopy
(MS) noted for other invertebrate-eating birds,
the most successful avian predators, but much
higher than he found for fish-eaters (45%) and
those hunting primarily mammals (27%) or
birds (8%). When snails were available, kites
had little trouble capturing them.

Both hunting modes were equally employed
by kites: 50.7% of the foraging bouts observed
were coursing hunts and 49.3% were still-
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TaBLe 1. Descriptive statistics for the components of a Snail Kite foraging bout.
Number 1% % SD (s)
of obser- of complete
Foraging components vations ¥ x SD (s) Range (s) bouts
Coursing
Searching 36 88 + 69 16-303 44 + 13
Returning 28 17 £ 15 1-79 11 +38
Handling 27 73 £ 27 32-150 45 + 12
Still-hunting
Searching 35 4+ 1-13 525
Returning 30 4 =+ 1-12 7%5
Handling 33 66 + 34 21-200 88 +7
All hunts
Searching 71 47 + 64 1-303 24 +21
Returning 58 11 £ 12 1-79 97
Handling 60 69 £ 31 21-200 67 + 23
Between 43 146 + 172 10-710 —

hunts. In Florida, young kites have been ob-
served to still-hunt, but adults rarely do so ex-
cept in times of food stress during regional
drought, when kites are forced to forage along
woody lake margins or along canals (Snyder
and Snyder 1969, Beissinger in prep.). Snyder
and Snyder (1969) attribute the high incidence
of still-hunting by kites in Guyana to the avail-
ability of more suitable perches along rice fields
and canals. The hunting success of both meth-
ods was similar, as 81% of 36 coursing-hunt
attempts and 83% of 35 still-hunt attempts were
successful.

Descriptive statistics associated with the
components of a Snail Kite foraging bout are
summarized in Table 1. The mean searching
time for coursing hunts was 22 times more than
for still-hunts, but this was partly due to the
manner in which these parameters were mea-
sured, concealing still-hunt searching time
within perching time and thus disproportion-
ally lowering searching times for still-hunts. In
comparison to the other components of a for-
aging bout, prey handling was the most time
consuming,. For all hunts, handling constituted
an average of nearly 68% of a bout. Even the
handling time for coursing hunts (45.2%),
which may be the most meaningful value be-
cause searching time is totally measured, in-
dicated that handling a snail is as time con-
suming as finding one.

The amount of time spent searching and re-
turning by kites was related to the time of day
(Table 2). When observations of both hunting
modes were pooled, mean searching and re-

turning times decreased significantly through-
out the day. Searching times for coursing hunts
showed a similar but not significant trend. De-
creased search times probably were related pri-
marily to the proportion of still-hunts and
coursing hunts that occurred in the three time
periods: 58% of the coursing hunts occurred in
the morning, while 46% of the still-hunts oc-
curred in the late afternoon (from Table 2). The
distributions of still-hunts and coursing hunts
throughout the three time periods were sig-
nificantly different (x> = 9.38, df = 2, P <
0.01). Three explanations could account for this
shift in foraging mode: (1) as ambient air tem-
perature increased during the day, the costly
exertion of long coursing flight was avoided
because the energetic requirements for flight
increase proportionally with increases in am-
bient air temperature (Kendeigh et al. 1977);
(2) by coursing in the morning, Snail Kites may
have been investing time exploring the prey
base of the chosen foraging patch, a tactic re-
ported for other avian predators (Smith and
Sweatmen 1974, Davies 1977); and/or (3) with
increasing water temperature, snails become
more active (McClary 1964) and inspire near
the water surface more often, increasing the
encounter rate (and still-hunting success) for
perching kites. Neither handling time nor time
between captures (a measure of feeding rate)
showed any significant trends in relation to time
of day (Table 2).

No significant differences were found in the
amount of time required for foraging-bout
components in relation to snail size (Table 3).
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TaBLE 2. Variation in the components of a Snail Kite foraging bout during three time periods.

Mean + SE (1) s by time of day

Foraging component Morning Midday Late afternoon p?
Coursing
Searching 95 * 16 (21) 94 + 27 (8) 60 + 14 (7) 0.628
Returning 17 £ 2 (20) 24 + 14 (5) 8x4 (3) 0.245
Handling 69 £5 (19) 70 £ 11 (5) 101 + 25 (3) 0.462
Still-hunting
Searching 4+2 (9) 61 (11) 2+1 (15) 0.107
Returning 4+1 (8 61 (9) 4+1 (13) 0.282
Handling 57 + 4 (10) 90 £ 19 (9) 58 £ 5 (14) 0.708
All hunts
Searching 68 *+ 14 (30) 43 + 15 (19) 21 +7 (22) 0.020
Returning 13 +2 (28) 12 5 (14) 4+1 (16) 0.003
Handling 65 +4 (29) 83 + 13 (14) 65 +7 (17) 0.734
Between 122 * 66 (21) 160 * 55 (10) 175 + 66 (12) 0.448

“ Significance levels based on Kruskal-Wallis test (Chi-square approximation).

Searching and returning times decreased rela-
tive to snail size, but this was not statistically
significant. The trend of decreased search times
for larger snails seems to run counter to the
potential encounter rate, which would be low-
er for the less common, larger snails (Fig. 2).
The possibility that kites foraged by searching
for larger snails but took smaller snails after a
time without capture in order at least to stay
even with energy expenditures might account
for the shorter searching times observed for less
common, larger snails. For all hunts, handling
time was very consistent, with a mean for the
three size classes of 67 s. Because the cost in

TABLE 3.
captured.

time (and presumably energy) required to find
a snail, return to a perch, and extract and ingest
the snail did not differ significantly for snails
of different sizes, the profitability of a snail can
be defined merely by its total energetic value
(Krebs 1978, Schoener 1979).

An interaction between time of day and snail
size might have been responsible for the out-
come of the above results. Despite not meeting
the assumption of normality, a two-way anal-
ysis of variance (ANOVA) model was con-
structed to test for interaction. One-way AN-
OVA models were examined simultaneously
with the Kruskal-Wallis tests previously re-

Variation in the components of a Snail Kite foraging bout in relation to the size class of snail

Mean * SE (r) s for snail size

Foraging component Small Medium Large p?
Coursing
Searching 78 £ 15 (8) 54 + 9 (10) 53 + 21 (2) 0.402
Returning 153 (8) 17 £ 3 (10) 72 (2) 0.336
Handling 60 =6 (8) 65 % 11 (10) 936 (2) 0.168
Still-hunting
Searching 6+2 (8) 31 (9 3+1 (6) 0.245
Returning 61 (8) 4+1 (9 4x1 (6 0.507
Handling 72 * 16 (10) 71£9 (10) 58 +4 (6) 0.440
All hunts
Searching 42 + 12 (16) 308 (19) 16 £9 (8) 0.340
Returning 10 £ 2 (16) 11+2 (19) 4+1 (8 0.200
Handling 66 £ 9 (18) 68 =7 (20) 67 6 (8) 0.604
Between 131 + 51 (10) 145 + 52 (12) 259 + 119 (6) 0.444

4 Significance levels based on Kruskal-Wallis test (Chi-square approximation).



January 1983]

6

[4]

H

N
o

—h

PERCENT OF
OBSERVATIONS
[
S

O—=

SMALL MEDIUM LARGE

SNAIL SIZE
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available (striped bars) to Snail Kites and sizes taken
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ported (Tables 2, 3), and in all cases parametric
and nonparametric tests yielded similar values.
From the two-way ANOVA model, there was
no evidence that a time of day and snail size
interaction occurred for searching (F = 0.70,
P = 0.596) or returning times (F = 0.07, P =
0.991).

Snail size selection.—I collected 959 Pomacea
shells that had been eaten by kites. Over 99%
of the snails were Pomacea dolioides; P. glauca
composed the remainder of the sample. Snyder
and Snyder (1969) also noted Snail Kites in
Guyana feeding heavily on P. dolioides near the
water surface and rarely upon P. glauca, a less
abundant and more aquatic bottom dweller.

From transect searches, I collected 155 P. do-
lioides to serve as a sample of the size distri-
bution of snails potentially available to kites.
Figure 2 compares the sizes of snails available
and those chosen by kites. There was a signif-
icant difference between the frequency of size
classes available to kites and those selected
(x*= 7.632, df = 2, P = 0.022). It appears that
Snail Kites avoided the more abundant small
snails, preferred the medium sized snails, and
took the large snails in approximately equal
frequency with those that were available.

Because snails are captured by kites on the
wing, snail availability is a function of: (1) snail
density; (2) snail depth below the water sur-
face; (3) the effects of water temperature and
dissolved oxygen on Pomacea inspiratory and
surfacing behavior (McClary 1964, Freiburg
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and Hazelwood, 1977); and (4) the density of
vegetation covering the water surface. I sam-
pled snail availability in a manner that as-
sumed that factors affecting availability act
similarly on all sizes of snails. If not, then the
size distribution of snails that was collected
from the field might not be the same as that
available to kites. For instance, large snails may
be less vulnerable to predation, because they
may have respiratory rates that are less affected
by changing water temperatures, causing them
to surface less often, or they may frequent dense
vegetation more often than small snails.

The choice of snail size could be affected by
one other factor—snail parasite loads. Gross-
man and Hamlet (1964) state that kites are in-
fected by “lung flukes” carried by Pomacea
snails but offer no direct evidence of parasitism
or references. At least eight trematode species
are described from Pomacea snails, and birds
are definitive hosts in all three cases where life
histories are known (Nasir and Rodriguez 1969;
Nasir et al. 1969a, b; Nasir and Silva 1972; Gas-
con 1975; Hanning and Leedom 1978). Gigan-
tism, increased shell thickness, and shell ab-
normalities in molluscs sometimes result from
parasitism (Cheng 1971, Hanning 1978) and
might offer kites a mechanism to reject highly
parasitized individuals. Because parasitic loads
do increase with snail size in Pomacea paludosa
(Hanning 1978), kites may not have taken large
snails more often in order to avoid higher in-
fection rates.

Coursing hunts require far more flying, a very
energetically expensive activity (Table 4), than
do still-hunts. Course-hunting Snail Kites
would be expected to choose larger snails in
order to gain a greater energetic payoff to offset
increased costs (Schoener 1969, 1979), espe-
cially as searching time is unrelated to snail
size. No differences in the distributions of snail
size classes selected by coursing or still-hunt-
ing kites occurred when all three size classes
were considered (x2 = 1.85,df = 2,0.60 <P <
0.70) or when medium and large size classes
were combined and tested against small (x* >
0.750, df = 1, P > 0.750).

Effects of rice growth.—Figure 3 illustrates the
declining use of rice fields by Snail Kites dur-
ing the study period. When rice fields were
drained, kite numbers were highest. As irri-
gation and rice growth commenced, kite use
significantly declined, until no birds were ob-
served in mid-August. A highly significant
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Fig. 3. Weekly mean density of Snail Kites (striped
bars) and Limpkins (dark bars) determined by
strip censuses in Guyana rice fields. The number of
weekly counts appears above each bar. Upper hori-
zontal bars indicate the duration of sowing (S), rice
growth and maturation, drainage (D), and irrigation.

(P = 0.002, v? = 0.747, n = 20) linear correla-
tion between daily counts and week was found
for Snail Kites but not for Limpkins (P = 0.620,
r* = 0.125, n = 18). As rice grows, foraging
becomes more difficult for kites because: (1)
the area of water surface that a kite can visually
scan while hunting decreases and (2) to make
a capture, a kite’s descent to the water must be
unhindered by vegetation. For effective for-
aging, Snail Kites need sizeable patches of open
water with floating but not tall emergent vege-
tation. Limpkins are able to search tactilely for
Pomacea snails while wading (Snyder and Sny-
der 1969) and can forage successfully in heavily
vegetated areas. In the study area, they utilized
fallow fields until rice reached approximately a
0.5-m height.

Assuming relatively stable snail popula-
tions, snail availability should decrease as rice
grows, and the encounter rate of still-hunting
kites should decrease. In response, Snail Kites
should course-hunt more often to increase en-
counter rates by searching a greater area. To
test this, I examined the proportion of still-
hunts that occurred during the first 2 weeks of
behavioral observations, when rice was absent
or low, and the last 3 weeks, when rice was
highly emergent. Because hunting mode was
related to time of day, I used only the 24 hunts
that occurred in the late afternoon, when still-
hunting was most frequent for this analysis.
The proportion of coursing hunts increased
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TaBLE 4. A simplified energy budget for nonbreed-
ing Snail Kites. Equation 10 from Koplin et al. (1980)
was used to calculate energy cost, assuming an av-
erage daily air temperature of 27°C (pers. obs.) and
a mean body weight of 367.6 g, the mean of seven
observations from Haverschmidt (1968, 1970), and
specimens from the Museum of Zoology, Univer-
sity of Michigan.

Proportion Energy cost
Activity of 24-h day (kcal)
Nonflight 0.945 59.1
Flight 0.055 26.6
Total 1.000 85.7

significantly (x* = 5.93, df = 1, P < 0.025) from
0% (n = 9) in the first 2 weeks to 47% (n = 15)
in the last 3 weeks. These results are opposed
to predictions from models by Norberg (1977)
that predators should employ less energy-con-
suming hunting methods as prey density de-
creases.

Energy budget.—The daily food intake of Snail
Kites was calculated by proportionately reduc-
ing the distribution of the three size classes for
the 68 snails consumed during the 15 h of time-
activity observations to that which would have
occurred in a 12-h Guyana photoperiod. Ca-
loric values per gram dry weight for P. dolioides
were relatively constant (£ = SD = 4.04 + 0.09,
n = 10). Using mean dry weights for each snail
size class and assuming an assimilation effi-
ciency of 0.9, a value chosen because snail tis-
sue is almost entirely digestable and raptor as-
similation efficiencies peak near this value
(Sarker and Naulleau 1981), I calculated the daily
energy intake by Snail Kites to be 104.2 kcal.

An average daily energy expenditure for Snail
Kites was calculated in the following manner.
As kites spent 12 h a day roosting, means from
the 60 time-activity samples (Fig. 1) were pooled
to determine the mean percentage of each daily
activity for a 24-h period. Because Snail Kites
spent less than 20% of the photoperiod in flight
activities, equation 10 from Koplin et al. (1980)
was used to compute the daily energy budget
(Table 4). Daily energy expenditure for Snail
Kites was estimated to be 85.7 kcal (Table 4).

My calculations indicate that kites easily uti-
lized rice fields to meet their daily energy needs,
realizing a daily net energy gain of 18.5 kcal.
The high proportion of snails captured by en-
ergetically inexpensive still-hunting probably
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accounted for this large net energy gain. Dur-
ing the study period, I saw no evidence that
kites were ever stressed to find food or that any
were malnourished. On the contrary, the small
proportion of time spent flying by kites in rice
fields (Table 4) may indicate that this was a
very profitable patch to exploit.

Consumer choice by a specialist.—Snail Kites
are a classic example of a ““specialist.”” Preying
almost solely on one genus of freshwater snails
(often one species in some portions of its range),
kites need not distinguish among a number of
different items to be included in the diet. Un-
der most conditions a kite may need only to
choose among food items by size as it relates
to the energetic benefit of caloric intake and the
energetic cost of searching and handling times.

In this study, no increased cost was associ-
ated with the pursuit, capture, handling, and
ingestion of prey in relation to prey size. No
additional energetic benefit in terms of calories
per capture was accrued during costly coursing
hunts as compared to still-hunts. Snail Kites
avoided capture of smaller snails, selectively
preyed on medium-sized ones, and did not take
large snails more frequently than they were en-
countered. In addition, patch use and hunting
mode were affected by rice growth. Rice fields
proved to be an easy place for kites to meet
their energetic needs.

MacArthur (1972) partitioned the process of
food gathering into four phases: (1) where to
search; (2) how to search and what to look for;
(3) whether to pursue or ignore a food item;
and (4) the capture attempt and ingestion. Kite
morphology is so specialized (Snyder and Sny-
der 1969) that, in order to maximize snail cap-
ture and ingestion proficiency (4), the decision
of what foods to search for (2) has already been
determined. A Snail Kite need only decide on
where to search (1), how to search (2), and (3)
whether or not to include an item in its diet
on the basis of size. These decisions may be
based on the encounter rate within a given
patch.

In the choice of hunting modes, kites might
be expected to still-hunt exclusively if they
could find enough food. When insufficient
numbers of snails per unit time are available
from a perch, kites should shift to coursing.
Thus, the effectiveness of still-hunting may be
primarily controlled by the snail-encounter rate
within the patch as a function of the distance
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from the still-hunting perch. Factors that affect
snail-encounter rates can cause a shift in hunt-
ing mode: the vegetative structure of a patch
may be a prime determinant, as still-hunting
increased with rice growth during the 2 months
of study, and environmental factors (e.g. air
and water temperature, dissolved oxygen, and
wind speed) that affect both snail-encounter
rates and kite metabolic costs probably ac-
counted for the diurnal shift by kites in the
mode of hunting that was observed.

Because Snail Kites selectively avoid small
snails, a kite might be expected to prefer large
snails. The diet should vary from patch to patch,
however, depending upon the distribution of
size classes available and the energetic costs of
capture, which are both functions of the en-
counter rate and hence of patch choice. Patches
do vary greatly in snail density and size dis-
tribution (Bourne and Berlin 1982). Thus, the
most important decision a foraging Snail Kite
must make is what patch to search in and how
long to search before abandoning one patch for
another.
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AssTRACT—Snail Kites (Rostrhamus sociabilis sociabilis) observed along the lower Rio Mag-
dalena in northern Colombia fed heavily on Pomacea chemnitzi but also took Marisa cornu-
arietis, a smaller species. The kites captured Pomacea preferentially over Marisa and had
difficulties extracting Marisa from its shell. They also failed to extract some large specimens
of P. chemnitzi. Failures with both species were apparently related to problems in removing
opercula. These observations indicate that R. sociabilis can no longer be considered a strict
specialist on Pomacea. Received 21 August 1979, resubmitted 8 April 1982, accepted 15 October

1982.

MoLLUsKks are a major dietary component for
a surprisingly diverse assemblage of birds, in-
cluding various ducks, shorebirds, rails, storks,
and raptors (Snyder 1967). Of particular inter-
est, because of its endangered status in the
United States, is the Snail, or Everglade, Kite
(Rostrhamus sociabilis), a species renowned for
its dependence on fresh-water snails of the ge-
nus Pomacea. Snyder and Snyder (1969) dis-
cussed some of the peculiar anatomical and be-
havioral specializations of the Snail Kite that
enable it to feed on Pomacea paludosa in Flor-
ida. Here, we present information on interac-
tions of the species with snails of northern Co-
lombia, as observed 28 April to 5 May 1978,
the start of the rainy season.

Our study area was a backwater of the Rio
Magdalena next to the Barranquilla airport. Two
large snails of the family Pilidae were found in
abundance here, Pomacea chemnitzi and Marisa
cornuarietis. Pomacea chemnitzi, with its shal-
low spire, closely resembles P. paludosa in
shape, but, at least in this locality, it commonly
reaches a size considerably larger than typical
individuals of the Florida species. Marisa cor-
nuarietis is coiled in a plane and looks like a
giant ramshorn snail, but, like Pomacea, it pos-
sesses a hard operculum with which it can close
off the entrance of the shell.

2 Present address: California Field Station, Patux-
ent Wildlife Research Center, U.S. Fish and Wildlife
Service, 87 North Chestnut Street, Ventura, Califor-
nia 93001 USA.

RESULTS

Snail Kites characteristically bring their prey
to conspicuous feeding perches for extraction
procedures, and the shells accumulating un-
derneath give a record of the foods eaten. We
soon learned, however, that some shell piles in
the study area yielded biased representations
of kite diet because of differential losses of shells
after deposition. Shell piles under perches
standing in water retained their Marisa shells
well but lost most of their Pomacea shells, ap-
parently because the former are heavily calci-
fied and tend to sink, while the latter readily
float and can drift away on water currents.
Thus, for example, we found only 28 Pomacea
shells among 699 Marisa shells at one perch
that obviously had been inundated recently.

In contrast, we found a preponderance of Po-
macea over Marisa in shell piles above the water
line. The overall Pomacea to Marisa ratio at four
such perches was 3.0, and it varied from 1.8 to
7.2 among the perches (Table 1). The four
perches were located within 100 m of each oth-
er in an area of mixed brushy swamp and
flooded pasture immediately adjacent to an ac-
tive kite nesting colony. Using the perches were
a minimum of three brown-plumaged kites (fe-
males and/or young males).

Under all four of the above perches we were
surprised to find evidence that the kites were
failing to extract some Pomacea and Marisa, as
we found whole uneaten individuals of both
species, some still alive and others in various
stages of decay. In addition, an inspection of
the shells revealed that many of the snails were
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Shells found under active perches of Snail Kites in Colombia.*

Perch number

Total
1 2 3 4 shells
Pomacea chemnitzi
Empty shells 35 35 28 28 126
Shells with viscera 5 15 2 5 27
Whole snails 6 1 6 1 14
Total shells 46 51 36 34 167
Marisa cornuarietis
Empty shells 5 1 0 5 11
Shells with viscera 7 7 1 8 23
Whole snails 5 6 4 6 21
Total shells 17 14 5 19 55
Pomacea/Marisa ratios 2.7 3.6 7.2 1.8

* All shell piles above the water line.

only partially eaten (Table 1). The failure rates
for the two snail species were highly signifi-
cantly different (x> = 25.47, df = 1, P < 0.001).
Of 167 Pomacea shells only 14 (8%) still con-
tained whole, uneaten snails, compared to 21
of 55 Marisa shells (38%).

In the cases of uneaten P. chemnitzi, failure
appeared to be related to snail size (Fig. 1A),
as uneaten snails (averaging 57.2 mm in great-
est length) were significantly different in length
from eaten snails (averaging 52.8 mm), as
shown by a Mann-Whitney U-test (t, = 3.182,
P < 0.005). Opercula of the uneaten specimens
were scratched with the usual bill marks one
finds on kite-extracted Pomacea. Apparently,
the kites had tried to extract the uneaten Po-
macea but had failed to grasp the opercula or
had been unable to pull the opercula free from
the snails. In watching several unsuccessful at-
tempts, we saw no signs that the birds might
have been deliberately rejecting individual
snails that were noxious to them. The kites
simply worked away at these snails with their
bills in the usual fashion, appeared to lose in-
terest after a few minutes, and eventually al-
lowed the snails to fall from the perches.

The failure of the kites to extract all P. chem-
nitzi bears further comment. With P. paludosa
in Florida we have never, in many hundreds
of direct observations, seen an adult kite fail,
and only very rarely have we found evidence
of less than complete extractions of softparts.
For example, of 529 P. paludosa shells collected
from beneath a perch being used exclusively
by adult and subadult kites on Lake Okeecho-

bee in February 1979, only four still contained
small fragments of snail viscera. On the other
hand, recently fledged Florida Snail Kites do
fail occasionally in extractions of P. paludosa.
For example, on 21 May 1979 we collected shells
from a screen installed below a perch being
used almost exclusively by banded kites less
than 2 months beyond fledging age. Of the 114
shells collected, 9 (7.9%) contained whole,
unextracted snails. The uneaten snails did not
differ significantly in size from eaten snails (¢, =
1.524, 0.10 < P < 0.20; Mann-Whitney U-test),
and, in the cases in which we directly observed
young kites dropping whole snails at perches,
the cause was quite clearly nothing more than
clumsiness. The birds had obvious difficulties
holding the snails properly in their feet and
sometimes lost control of the shells in attempt-
ing to position them.

Whether the failures of Colombian Snail Kites
in extraction of P. chemnitzi might similarly be
related to the age of the kites is conjectural. The
kites we observed at the perches were all
brown-plumaged and none appeared to be
mated—characteristics consistent with youth.
All were fully independent, however, and none
was clumsy in its snail-extraction efforts. These
factors, together with the size-dependence of
their failures with P. chemnitzi, suggest that
their difficulties may have resulted from more
than just inexperience. In any event, we be-
lieve it would be unwise to assume that the
few birds we observed were representative of
the kite population as a whole.

Failures with M. cornuarietis, like failures
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Fig. 1. Size distributions of Pomacea chemnitzi and

Marisa cornuarietis shells found under active perches
of Snail Kites: A, greatest length of eaten (clear) and
uneaten (shaded) Pomacea chemnitzi; B, greatest di-
ameter of eaten (clear) and uneaten (shaded) Marisa
cornuarietis; C, greatest diameter of all Pomacea
chemnitzi.

with P. chemmnitzi, appeared to be caused by an
inability of the kites to remove opercula, as the
opercula of whole, uneaten snails under perch-
es showed clear scratch marks. The high fre-
quency of failure may have been due to this
snail’s ability to pull far back into its shell: in
Pomacea the operculum usually forms a tight
fit just inside the aperture; in Marisa the oper-
culum can be withdrawn for a considerable
distance inside where it is difficult to grasp.
Failure with Marisa was not a function of snail
size, as unextracted snails did not differ sig-
nificantly in maximum diameter from extracted
snails (f, = 0.468, P > 0.5; Mann-Whitney
U-test).

Even when kites were able to remove the
opercula of Marisa, they commonly failed to
get more than the foot of the snail out of the
shell, probably because the columellar muscle
attachment of this snail is about as far inside
the entrance as the long hooked bill of the birds
can reach (Fig. 2A). This muscle attachment,
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Fig. 2. Diagrammatic representation of position
of columellar muscle attachment (CMA) and oper-
culum (O) of: A, Marisa cornuarietis; B, Pomacea
chemnitzi.

which must be severed to allow a complete ex-
traction of the softparts, lies much closer to the
entrance in Pomacea (Fig. 2B). The great ma-
jority of P. chemnitzi from which kites were
able to remove opercula were fully extracted
(126 of 153 cases). By comparison, only 11 of
34 Marisa from which the opercula had been
removed were fully extracted, a highly signif-
icantly difference (x> = 33.0,df = 1, P < 0.001).
Generally, the softparts of Marisa snails were
broken near the columellar muscle attachment,
and all of the viscera remained in the shells.
Breakage probably resulted from the kites’
pulling on the softparts from the shell entrance
after failing to sever the columellar muscle.
Direct observations of the snail-extraction
behavior of the minimum of three kites using
the active perches listed in Table 1 confirmed
a higher success rate with Pomacea than with
Marisa, although the success rates were not
significantly different (x* = 1.13,df = 1,0.25 <
P < 0.50) for the two snails, probably due to
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small sample size. Of six cases of the kites at-
tempting to extract Marisa, only two were suc-
cessful to the point of the birds’ getting some
meat out of the shell. With Pomacea the success
rate was eight of 11 attempts.

Not only were the kites failing more fre-
quently with Marisa than with Pomacea, they
were also receiving much less reward from this
snail when successful. The wet weight of a
Marisa’s softparts generally does not exceed 2
g, whereas a typical P. chemnitzi yields 15-20
g of meat. When the total and partial failure
rates in extractions from Table 1 are included
in calculations, the yield in soft tissues from
an average P. chemnitzi runs about 15 times as
great as from an average M. cornuarietis.

From the above comparison one might ex-
pect to find the kites selectively foraging for
Pomacea in preference to Marisa. That this
might be true was apparent from an inspection
of foraging areas near the active feeding perch-
es. In walking several transects through the
marsh we were able to tally between 10 and 20
times as many adult Marisa as Pomacea near
the water surface (where they would be vul-
nerable to the kites). Yet, we found a Marisa
to Pomacea ratio of about 1:3 at the four feeding
perches and directly observed a 6:11 Marisa :
Pomacea capture ratio near the perches.

One may question why the kites were taking
Marisa at all in view of its much inferior re-
ward potential. Possibly, the captures of Mar-
isa represented nothing more than mistakes in
discrimination between the two snails. From
the 3—6-m heights at which the kites generally
forage, distinguishing between Pomacea and
Marisa may present problems, especially when
shells are covered with algae. Once a kite has
gone to the trouble of capturing the “wrong
species,” the reward, though relatively low,
may still be high enough to justify an extrac-
tion attempt rather than a rejection and a con-
tinued search for Pomacea. Also, assuming the
observed 10-20-fold superiority in abundance
of Marisa over Pomacea might apply inversely
to the time and energy investment needed to
locate the two snails, the net reward superi-
ority of a typical Pomacea over a typical Marisa
may be far less than that calculated above for
snails already captured. Unfortunately, we did
not record information on the average time it
takes to capture the two snail species, so we
could not evaluate this question in any direct
fashion.
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The size distributions of captured Pomacea
and Marisa snails in Fig. 1A and B are pre-
sented in terms of maximum linear dimen-
sions: total length from top of spire to base of
aperture for Pomacea and greatest diameter for
Marisa. In these terms the sizes of some Marisa
shells fall below the sizes of all Pomacea. At
first sight it might seem puzzling that the kites
captured the smallest Marisa, because they were
apparently rejecting Pomacea of similar linear
extent (but much greater mass). Under field
conditions, however, the maximum linear di-
mensions of a Pomacea will often be hidden
from the view of a kite flying overhead, be-
cause snails near the water surface are not al-
ways oriented the same way with respect to
gravity. In fact, a Pomacea viewed by looking
down on its spire looks very much like a Mar-
isa, and in this orientation its greatest visible
linear dimension is a maximum diameter, not
a total length. If instead of plotting Pomacea
according to total length, we plot these snails
according to greatest diameter (Fig. 1C), we find
that the Pomacea curve now overlaps the Mar-
isa curve completely. Thus, the potential ease
of discrimination between the smallest Poma-
cea captured and the smallest Marisa captured
disappears.

DiscussioN

The extractions of P. chemnitzi by Snail Kites
followed the pattern described by Snyder and
Snyder (1969) and supported by Voous and Van
Dijk (1973). They bore no resemblance to the
extraction procedures described by Lang (1924)
and Murphy (1955). We have now observed
kites eating three different species of Pomacea
(including P. dolioides, on which Lang’s de-
scription was based), and all have been han-
dled in the same way: removal of the opercu-
lum with the bill, cutting of the columellar
muscle attachment with strokes of the upper
bill, and pulling of the freed softparts out of
the shell with the bill. Unlike Lang and Mur-
phy, we have not seen kites waiting for vol-
untary extension of snails from their shells, we
have no evidence that they ever ingest opercula
in the wild, and we have seen nothing to sug-
gest that they pierce the snails in a “‘nerve plex-
us,” causing the snails to release their holds on
their shells. We believe that the Lang-Murphy
description, while colorful, is incorrect. Unfor-
tunately, this description has become en-
trenched in the popular literature on kites and
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may never be evicted, as there are now so many
references reiterating it.

On several occasions we observed Snail Kites
discarding the yolk glands of female P. chem-
nitzi, and we found discarded yolk glands of
this species under kite feeding perches. Very
likely the yolk and eggs of this snail are highly
distasteful, as are the yolk and eggs of P. do-
lioides and P. paludosa, which are also com-
monly rejected by the kites and other predators
(see Snyder and Snyder 1969, 1971). Like the
orange eggs of P. dolioides and the pinkish-
white eggs of P. paludosa, the yellowish-white
eggs of P. chemnitzi are conspicuous and pre-
sumably aposematic. All three species lay their
eggs out of the water on emergent vegetation.

Marisa cornuarietis, in contrast, has aquatic
eggs, which are not highly conspicuous. We
did not note discarded Marisa yolk glands un-
der kite perches and have no direct evidence
that the yolk and eggs of this species might be
distasteful.

Although with most fresh-water snails there
is little evidence that opercula might serve as
an effective adaptation to thwart predators (see
Snyder 1967), the opercula of both M. cornu-
arietis and P. chemnitzi appear to have value in
reducing kite predation in Colombia. Some kite
perches are over water, and snails that are not
successfully extracted by kites get a second
chance at life if they fall back into the water on
being discarded. To our knowledge, the only
predators of fresh-water molluscs known to be
regularly deterred by snail opercula are scio-
myzid fly larvae (see Berg 1961).

Although Snail Kites have been seen taking
nonsnail prey under conditions of extreme food
shortage (Sykes and Kale 1974), the observa-
tions reported in this paper are the first of the
species feeding on a genus of snail other than
Pomacea. It is uncertain, however, whether or
not kites are successful enough with Marisa to
be able to exist on it alone in areas where Po-
macea does not occur. Marisa was introduced
into southern Florida over 20 yr ago (see Ed-
mondson 1959) and has fairly recently spread
out into regions where Snail Kites occur. It is
not yet abundant there, but is widespread—
we have seen shells along the Tamiami Trail
and as far north as Everglades Holiday Park
near Alligator Alley. To date we have not found
any of its shells at kite feeding perches. As
studies of M. cornuarietis have shown the
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species to have complex competitive and pred-
atory relationships with other snail species (see
Demian and Lutfy 1965, Ruiz-Tibén et al. 1969),
the establishment of Marisa may prove to be a
mixed blessing for the Snail Kites of Florida.
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AsstracT.—Field and laboratory studies support recent hypotheses that Sirystes sibilator
is closely allied with the myiarchine flycatchers rather than with Tyrannus or with the co-
tingids. The first confirmed nest of this tyrant (located in a natural tree cavity), its foraging
behavior, and the derived character states of the nasal septum and of the syrinx argue
convincingly for its placement in an assemblage with Myiarchus, Rhytipterna, and Casiornis.
Data, still lacking, on the color of the eggs and nature of the nest lining are needed for
Sirystes (and for Rhytipterna and Casiornis) before consideration can be given to the generic
relationships within the myiarchine flycatchers. Received 1 February 1982, accepted 16 July

1982.

THE systematic position of the Sirystes (Sir-
ystes sibilator), traditionally placed in its own
monotypic genus, has been enigmatic for de-
cades. Though included in the family Cotin-
gidae by Ridgway (1907), largely on the basis
of the scutellation of the tarsal envelope, Sir-
ystes has been considered a tyrant flycatcher by
Hellmayr (1927) and subsequent authors. Hell-
mayr allied it with the Tyrannus group, but
Traylor (1977), influenced by Warter's (1965)
study of the tyrannoid skull, placed it in the
Myiarchus group. On the basis of syringeal
characters, Ames (1971) was unable to place it
with conviction in any of his ““structural
groups’ of tyrannids.

This paper was prompted by Fitzpatrick’s
discovery of the first confirmed nest of Sirystes,
to which description he has added behavioral
observations made in recent years. Lanyon has
contributed an analysis of cranial and syringeal
morphology, part of a more general study of
the putative relatives of Myiarchus.

BeHAVIOR

Sirystes is a regular but uncommon inhabit-
ant at the Cocha Cashu Biological Station, lo-
cated in the Manu National Park, dept. Madre
de Dios, Peru (11°55’S, 71°18'W, elev. 380 m).
It forages almost exclusively in the high canopy
of the alluvial plain forest bordering the mean-
dering Manu River (Terborgh et al. in press).
Mean foraging heights for 21 independent
sightings in 1976 and 1977 was 38 *+ 8.5 m in
a forest whose average canopy treetop is be-
tween 40 and 45 m (unpubl. data). Sirystes here
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appears to prefer primary, dry-ground forest
to other, more inundated forest types, and it
shows an unusual propensity for foraging in
tall, emergent trees adjacent to treefalls.

Sirystes forages in a fashion virtually iden-
tical to the unusual style of Myiarchus, espe-
cially in its frequent use of outward and down-
ward hovergleaning (Fitzpatrick 1980, unpubl.
notes). Moreover, while searching the sur-
rounding vegetation, Sirystes uses the peculiar
posture typically associated only with the ge-
nus Myiarchus. The head is held out horizon-
tally, stretched away from the body in more
exaggerated fashion than in other flycatchers.
Perhaps for this reason, the throat and crown
feathers are often erected, giving the bird a large
headed, “throaty’” silhouette. Again in con-
junction with these habits, both Sirystes and
Muyiarchus peer about and slowly bob the head
in more deliberate fashion than any other fly-
catcher (except in the unrelated genus Mio-
nectes). Members of the genus Myiarchus are
among the few tyrannids that habitually “pop”
the bill loudly while being held in the hand
after removal from a mist-net. Although the
significance of this behavior is obscure at best,
it may be worthy of note that a Sirystes re-
moved from a mist-net (also at Cocha Cashu)
repeatedly popped its bill while being banded
and photographed.

The typical daytime vocalization given dur-
ing active foraging is a clear, ringing ““wher-
péw.” During more intense calling, intrapair
displaying, and dawn-singing, this frequently
is lengthened into “wher-pe-pep-pep-pew-pew
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Fig. 1.

View from ground of Sirystes sibilator nest
site (white arrow near center) in emergent Calico-
phyllum tree, well above nearby forest canopy (dark
vegetation to lower right and upper left). Note un-
usually open surroundings at nest height amidst sev-
eral old treefall openings.

. . . pew.” On the morning of 2 October 1981,
incessant repetitions of this latter song, in an
area known even in previous years to be fre-
quented by a pair of Sirystes, attracted JWF's
attention to two birds high in a 45-m Calico-
phyllum spruceanum tree (Rubiaceae) adjacent
to a slightly overgrown treefall clearing (Fig.
1). Both birds were bobbing and flitting excit-
edly from perch to perch with their slightly
elongated crown feathers raised into vague
“crests.” One bird was carrying in its bill a
large wad of dark material, apparently insects.
Several minutes later, the bird carrying prey
disappeared into a hole along a major limb high
in the tree. It remained out of sight about 1
min, then flew back out, sat briefly a few me-
ters above the hole, then flew off to forage else-
where. From 0755 to 0941 a total of 12 such nest
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visits occurred, the intervals between visits av-
eraging 8.6 min (shortest interval 1 min, lon-
gest 16 min). Both birds visited the nest with
food, frequently calling loudly together in the
nest tree. They appeared to be foraging up to
200 m from the nest tree, although they almost
invariably continued to sally after prey items
high in the nest tree itself, even while carrying
large boluses of food. Twice, the birds returned
simultaneously to the nest tree; one waited
perched on twigs outside the hole, while the
other entered and exited. Nest visits varied from
just a few seconds up to about 1 min. One fecal
sac removal was observed.

The nest site was determined through tele-
photo lenses to be about 32 m above the ground.
In comparison with the birds’ body sizes the
hole appeared to be at least 15 cm wide, per-
haps larger. It was at the base of a nearly per-
pendicular “elbow” in the tree limb, with the
hole running roughly horizontally into the main
branch. An old break had rotted out to create
the cavity, and it left a 6- to 8-cm long lip rim-
ming the lower edge of the hole. The depth of
the hole, penetrating horizontally into the limb,
could not be determined, nor could any fea-
tures of nest construction or contents be seen.
Calicophyllum trees are known locally as “Palo
Calato” (““naked pole”) because of their ex-
traordinarily smooth, seemingly barkless ap-
pearance (Fig. 1). This makes the trunk and
limbs extremely slippery and difficult to climb,
presumably for predators as well as for hu-
mans.

Judging from the frequency of nest visits and
the large size of the food boluses brought in
on 2 October, the nest must have contained
well-developed nestlings. Fitzpatrick left the
study site the following day, but N. Pierpont
reported nest visits by both birds on 3, 4, and
5 October. Thereafter, no further activity was
observed at the nest. Early on 6 October, at
least two Sirystes were heard actively calling
about 100 m from the nest. They did not come
near the nest tree during a 20-min observation
period there (1450-1510) nor on two subse-
quent days. Assuming the nestlings fledged
successfully, they apparently did so on 5 or 6
October.

The only previous, published information on
the nesting habits of Sirystes is Wetmore's (1972:
436) reference to birds in Panama ““occasionally
examining cavities in tree trunks.”’
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Fig. 2. Photographs, taken through a dissecting microscope, of the ventral aspect of the nasal region of
the skulls of some tyrannine flycatchers (anterior end of the skull to the left): 1. Sirystes sibilator (USNM
347723); 2. Myiarchus tuberculifer (AMNH 7175); 3. M. cephalotes (AMNH 9248); 4. Rhytipterna immunda
(AMNH 11617); 5. Deltarhynchus flammulatus (AMNH 11391); 6. Attila cinnamomeus (AMNH 11615). Arrows
indicate the internal supporting rod present in all skulls except that of Attila; the knife-like ventral edge of
the ossified nasal septum, s, lacks a trabecular plate; ossification of the nasal capsule includes the alinasal
turbinals, t, in all skulls except that of Attila. All specimens magnified 16X.

MORPHOLOGY

Sirystes differs from most Myiarchus in pos-
sessing a complete suture along the outer edge
of the tarsus as well as the usual full inner su-
ture (i.e. tarsus holaspidean, not exaspidean).
This arrangement of the tarsal envelope was
the principal basis for Ridgway’s (1907) place-

ment of Sirystes in the Cotingidae, but Ridg-
way admitted that ““the bill [of Sirystes] is typ-
ically tyrannine, resembling closely that of
Tyrannus and the stouter billed Myiarchi.”” The
striking black-and-white plumage pattern of
Sirystes, with diffuse olive dorsal streaks, also
differs from the familiar and remarkably uni-
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form plumage pattern of most Myiarchus. The
rectrices and wing coverts of the juvenal plum-
age of Sirystes are fringed with Antique Brown
(Smithe 1975), though this color is lacking in
the adult plumage. This is a pattern character-
istic of all species of Myiarchus, including those
species in which Antique Brown is lacking in
the adults.

Recent anatomical studies involving the skull
(Warter 1965) and the syrinx (Ames 1971) have
indicated the effectiveness of these structures
in determining relationships within the sub-
oscines. Two complexes in particular have al-
ready proven useful in diagnosing Myiarchus
flycatchers and their relatives: (1) the nasal
septum, and specifically the degree to which
there is ossification and buttressing with in-
ternal supporting structures, and (2) the num-
ber, shape, and position of the internal carti-
lages of the syrinx (Lanyon 1982).

The nasal capsule of Sirystes (Fig. 2, number
1) is typically tyrannine (as defined by Traylor
1977), in that the nasal septum is well-devel-
oped (ossified) but lacks a trabecular plate along
the ventral edge. The nasal septum is but-
tressed by a well-developed internal support-
ing rod, identified with an arrow in Fig. 2. This
derived state of the nasal septum, found in Sir-
ystes, is shared with Myiarchus (20 of the 22
species; two still unavailable), Rhytipterna (all
three species), Casiornis (both species), and Del-
tarhynchus and is not found in any of the re-
maining genera placed in the Tyranninae by
Traylor (Lanyon 1982, unpubl. notes). Note the
lack of an internal supporting rod in the nasal
septum of Attila (Fig. 2, number 6).

Sirystes shares a suite of syringeal characters
with Myiarchus (15 species examined thus far),
Rhytipterna (all three species), and Casiornis
(both species examined) that sets these genera
apart from all other tyrannids (Lanyon 1982, un-
publ. notes). In these four genera there are two
pairs of cartilages that lie within the internal
tympaniform membranes: (1) a large, dorsal
pair, which are J- or L-shaped and are con-
nected anteriorly to the ventral segment of the
tracheo-bronchial junction (with no connection
to the dorsal ends of the A-2 semirings), and
(2) a much smaller, ventral pair, of variable
shape and located within the membranous
connections that extend between the posterior
ends of the large cartilages and the ventral ends
of the B-2 bronchial semirings. In Fig. 3 we
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compare the number, shape, and location of
these internal cartilages as seen in Sirystes, in
three other myiarchine flycatchers (Myiarchus
ferox, M. oberi, and Rhytipterna holerythra), and
in two other tyrannines (Deltarhynchus flam-
mulatus and Attila cinnamomeus).

The large cartilages are J-shaped in Sirystes
and the other myiarchine flycatchers, and their
anterior ends are connected to the ventral seg-
ment of the tracheo-bronchial junction, at some
distance from the dorsal ends of the A-2 semi-
rings. The large cartilages do not have this
characteristic shape in Deltarhynchus and At-
tila, where they can be seen to connect to the
dorsal segment of the tracheo-bronchial junc-
tion and the dorsal ends of the A-2 semirings.
The smaller, ventral pair of cartilages is lacking
in the syrinx of Deltarhynchus.

The method of dissection and terminology
follow Ames (1971).

Discussion

The behavioral features described above,
even down to the quality of the song, once con-
fused no less capable a field ornithologist than
the late Paul Schwartz with regard to birds that
he had recorded but not collected along the Rio
Masparro, Barinas, Venezuela. The recordings
had been deposited with the Library of Natural
Sounds at Cornell University’s Laboratory of
Ornithology and filed as “Myiarchus ferox,” but
Lanyon wrote Schwartz that they could not have
been made from any species presently regard-
ed as Myiarchus. Six months later Schwartz re-
plied: “The birds from the Rio Masparro I've
now definitely identified as Sirystes sibilator. 1
feel embarrassed, but not terribly so. If you
already know the bird or if you some day ex-
perience it I'm sure you’ll know what I mean.
In size, shape, attitudes and actions this bird
is extremely Myiarchus-like rather than like the
group with which it is presumed to be related
[the Tyrannus group] . . .. I recently encoun-
tered the bird again down near Burgua, alerted
by the voice. Here again I was convinced they
were Myiarchus for the same reasons, until with
playback I finally got them to where the sun
was at my back and they were against a foliage
background. . . . I collected one just as a
clincher.” Schwartz’s field experience, though
anecdotal and unconvincing by itself, was of
sufficient importance to alert both of us to the
need for further information about this species.
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Fig. 3. Photographs, taken through a dissecting microscope, of the dorsal aspect of the syringes of some
tyrannine flycatchers: 1. Sirystes sibilator (YPM 2791); 2. Myiarchus ferox (AMNH 8112); 3. M. oberi (AMNH
6677); 4. Rhytipterna holerythra (AMNH 8260); 5. Deltarhynchus flammulatus (AMNH 8128); 6. Attila cinna-
momeus (AMNH 8126). Large cartilages, Ic; small cartilages, sc; dorsal end of A-2 semirings, a. All specimens

magnified 19x.

Cavity-nesting is a rare and almost certainly
derived condition in the Tyrannidae, being
most prevalent in the genus Myiarchus and its
close relatives (Lanyon 1978, 1982). Casiornis
has been reported to be a cavity nester, but the
eggs and nest lining have not been described
(fide Helmut Sick pers. comm.). The nesting
habits of the three species of Rhytipterna are
still unknown, but, on the basis of derived
morphological and behavioral characters shared

with Myiarchus, one would hypothesize that
they too are cavity-nesters and have eggs like
those of Myiarchus. That Sirystes is now known
to be a cavity-nester lends support to the hy-
pothesis (Traylor 1977, Lanyon 1982) that Sir-
ystes is a close relative of Myiarchus.

The nest lining of Myiarchus is unique
among the 12 genera of tyrants in which nest-
ing in tree cavities has been reported, bearing
in mind that we still lack complete data for
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Rhytipterna, Casiornis, and Sirystes. Invariably,
the lining consists of quantities of fur and
feathers, in addition to vegetable fibers, and
frequently there are fragments of shed reptilian
skin or plastic and paper substitutes (Lanyon
1978, unpubl. notes). These unique contents of
the nest lining form an important part of the
generic diagnosis of Myiarchus, for they help
to embrace three of the more “aberrant” species
formerly placed in monotypic genera: semiru-
fus, validus, and magnirostris. Because no de-
tails could be obtained regarding the nest lin-
ing or the color pattern of the eggs in the single
nest record reported here, the generic relation-
ship of Sirystes and Myiarchus remains uncer-
tain. Indeed, on its own, the cavity-nesting be-
havior of Sirystes could be a simple case of
convergence, as it most certainly is in the case
of Colonia (subfamily Fluvicolinae).

The scutellation of the tarsal envelope, once
given considerable weight in the classification
of the suboscines, has been shown to be more
variable within genera and families than even
Ridgway (1907: 328-329, 336) would admit, and
several workers have cautioned against placing
undue reliance on this character (Lanyon 1967,
Ames et al. 1968, Snow 1973, Zimmer unpubl.
notes). We are reminded that Myiarchus validus
was at one time placed in a monotypic genus
and transferred to the Cotingidae because the
tarsal envelope was nonexaspidean (Ridgway
1906). Indeed, the suggestion by Warter (1965)
and Ames (1971) that Rhytipterna, Casiornis, and
Attila be transferred from the Cotingidae to the
Tyrannidae has been followed for Peters” Check-
list (Snow 1973, Traylor 1977), even though the
tarsal scutellation of these genera is nonexas-
pidean.

Virtually every feature of the plumage color
and pattern of Sirystes can be found within the
genus Myiarchus: the dark cap and contrasting
pale back characterizes the Andean popula-
tions of tuberculifer, the pale-tipped rectrices
are found in apicalis, and the gray and white
underparts distinguish sagrae and antillarum.
Even the white rump patch and extensive white
in the wings, so conspicuous in northern Sir-
ystes, virtually disappear in the southernmost
populations of the species. With full cogni-
zance of the range of variation within the 22
species of Myiarchus, it becomes difficult to ar-
gue against merger of Sirystes and Myiarchus
on the basis of plumage color and pattern.
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Ames (1971) concluded that “the syrinx of
Sirystes is typically tyrannid in cartilages and
musculature with little similarity to the simple
syringes of the Cotingidae,” but questioned
Hellmayr’s (1927) placement of the species with
the Tyrannus group, because it lacks almost all
of the syringeal features of that assemblage.
Lanyon agrees with Ames on both of these
points but has difficulty reconciling Ames’ fail-
ure to recognize the syrinx of Sirystes as typi-
cally myiarchine. The single specimen initially
available to Lanyon agrees in all respects with
the syringes of Myiarchus, Rhytipterna, and
Casiornis; it could not with certainty be sepa-
rated from a series of syringes taken from those
three genera. Ames did not stain his specimens
for bone and cartilage and consequently may
have overlooked some of the critical myiar-
chine characters. He kindly loaned his two
specimens of Sirystes to Lanyon and gave per-
mission for them to be stained with alcian blue
and alizarin red (after Dingerkus and Uhler
1977). These two specimens were found to share
the same derived complex of syringeal char-
acters that distinguishes the myiarchine as-
semblage from all other tyrannids.

Although we believe the affinities of Sirystes
with the myiarchine group of tyrannines to be
unequivocal now, we recommend caution in
any revisionary consideration of the generic
relationships among Sirystes, Myiarchus, Rhy-
tipterna, and Casiornis. Descriptions of the col-
or and markings of the eggs and of the nature
of the nest lining, still lacking for all but Myiar-
chus, are needed before we can adequately ad-
dress the problem of generic limits and devise
a meaningful phylogeny for this group.
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THE FUNCTION OF SINGING IN FEMALE
BLACK-HEADED GROSBEAKS
(PHEUCTICUS MELANOCEPHALUS):
FAMILY-GROUP MAINTENANCE

GARY RiTcHIsON!
Department of Biology, UMC 53, Utah State University, Logan, Utah 84322 USA

ABsTRACT.—The responses of young Black-headed Grosbeaks (Pheucticus melanocephalus)
to playback of the songs of parents and strangers were examined. I found that young gros-
beaks moved about more, called more, and were more often oriented toward speakers in
response to parental song (both male and female) than in response to the songs of strangers.
I suggest that such a response is part of a system used by Black-headed Grosbeaks to
maintain family groups after the young fledge. In this system, an adult with food, but
unaware of the location of its young, sings to elicit begging from its young. The parent bird
is then able to locate and feed its young. Received 31 August 1981, accepted 26 May 1982.

AMONG passerines, song is typically the
function of the male. There is also much evi-
dence, however, of regular, occasional, and ar-
tificially induced song by females. It has long
been recognized, for instance, that females of
many species can be induced to sing by injec-
tion of testosterone (Baldwin et al. 1940, Kern
and King 1972). There are also many reports of
species in which the female sings only in ex-
ceptional cases, e.g. the Western Meadowlark
(Sturnella neglecta; Lanyon 1957), Indigo Bun-
ting (Passerina cyanea; Nolan 1958), Song Spar-
row (Melospiza melodia; Van Tyne and Berger
1976), Eastern Phoebe (Sayornis phoebe; Smith
1969), Eastern Bluebird (Sialia sialis; Morton et
al. 1978), and White-crowned Sparrow (Zono-
trichia leucophrys; Kern and King 1972). In oth-
er species, singing appears to be a regular fea-
ture of female behavior, i.e. many species have
been reported in which females commonly sing
in a variety of situations (Table 1).

Despite these many observations, the sig-
nificance of singing in females remains ob-
scure. Possible functions, however, have been
postulated. Armstrong (1963) suggested that
antiphonal singing is a “means whereby con-
tact, rapport, and the social bond are main-
tained.” Duetting is believed to be important
in the synchronization of breeding behavior
and in the reinforcement of the pair bond (e.g.
Thorpe and North 1965, Thorpe 1966, Hooker

! Present address: Department of Biological Sci-
ences, Eastern Kentucky University, Richmond,
Kentucky 40475 USA.
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and Hooker 1969, Bertram 1970, Payne 1971).
Concerning instances of female singing other
than antiphonal singing or duetting, Kern and
King (1972) have suggested a number of func-
tions, including stimulating the breeding ac-
tivities of the male. Nottebohm (1975) sug-
gested that singing by females may influence
a bird’s socialization and choice of partner and,
in some cases, aid in territorial defense.

Among the species of birds in which singing
by females has been reported is the Black-
headed Grosbeak (Pheucticus melanocephalus;
see Fig. 1). Weston (1947), in a general study
of the breeding behavior of the grosbeak, re-
ported that females sang ““while incubating or
brooding, usually as the male comes to take his
place on the eggs or young. Several times dur-
ing nest-building, the female uttered songs in
the vicinity of the nest and always in the pres-
ence of the male. The female will also occa-
sionally sing while foraging in the peripheral
foliage of trees, but only when the male is close
by.” Armstrong (1963) stated that singing by
females tends to be characteristic of cardueline
finches. Van Tyne and Berger (1976: 249), in a
general discussion of female song, suggested
that the songs of the female Black-headed
Grosbeak are nearly as elaborate as those of the
male.

Despite these observations, the function of
female song in the Black-headed Grosbeak, as
in other species, is unclear. The present study
is an attempt to ascertain the function(s) of this
song. The initial year of this 2-yr study was
devoted to extensive field observation and re-

The Auk 100: 105-116. January 1983



106

GARY RITCHISON

TaBLE 1. Reports of singing in females among various avian species.
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Situations in which Suggested
female sings® function(s)?
Species NB NR 1 B FY D PB-M C F-GM Source

Greenshank X Simms 1958
Tringa nebularia

European Nightjar X Selous 1905
Caprimulgus europaeus

Gray-capped Flycatcher X X Skutch 1953
Myiozetetes granadensis

Loggerhead Shrike X Armstrong 1963
Lanius ludovicianus

European Dipper X X Van Tyne and Berger
Cinclus cinclus 1976

American Dipper X X Bakus 1959a, b
Cinclus mexicanus

House Wren X X X Armstrong 1955
Troglodytes aedon

Wrentit X Armstrong 1963
Chamaea fasciata

Blue Wren X Robinson 1949
Malurus cyaneus

Paradise Flycatcher X Moreau 1949
Terpsiphone viridis

Elepaio X X X Conant 1977
Chasiempis sandwichensis

Willie Wagtail X Robinson 1949
Rhipidura leucophrys

White-crowned Sparrow X X Blanchard 1941, Kern
Zonotrichia leucophrys and King 1972

Grasshopper Sparrow X X X Smith 1959
Ammodramus savannarum

Variable Seedeater X Gross 1952
Sporaphila aurita

Cuban Grassquit X X Baptista 1978
Tiaris canora

Gray Catbird X Palmer 1949
Dumetella carolinensis

Mockingbird X Armstrong 1963
Mimus polyglottos

Brown Thrasher X X X Thomas 1952
Toxostoma rufum

European Robin X Lack 1939, 1943
Erithacus rubecula

Eastern Bluebird X Thomas 1946
Sialia sialis

Russet Nightingale Thrush X X X Skutch 1958
Catharus occidentalis

Gray-cheeked Thrush X X Van Tyne and Berger
Catharus minimus 1976

European Blackbird X Messmer and Messmer
Turdus merulg 1956

American Robin X Armstrong 1963
Turdus migratorius

Brown Towhee X X Marshall 1960

Pipilo fuscus
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TaBLe 1. Continued.
Situations in which Suggested
female sings® function(s)?
Species NB NR I B FY D PB-M C F-GM Source

Abert’'s Towhee X X Marshall 1960
Pipilo aberti

Orange-billed Sparrow X Skutch 1954
Arremon aurantiirostris

Rose-breasted Grosbeak X X X X ivor 1944, Dunham
Pheucticus ludovicianus 1964

Northern Cardinal X X X X X Laskey 1944
Cardinalis cardinalis

Common Grackle X Wiley 1976
Quiscalus quiscula

Greenfinch X Ferguson-Lees 1943
Carduelis chloris

American Goldfinch X Berger 1953
Carduelis tristis

Lawrence’s Goldfinch X Linsdale 1950
Carduelis lawrencei

Red Crossbill X Lawrence 1949
Loxia curvirostra

White-winged Crossbill X Bent 1968
Loxia leucoptera

Magpie Lark X X Robinson 1949
Grallina cyanoleuca

Butcherbird X Robinson 1949
Cracticus sp.

Black-backed Magpie X Robinson 1949

Gymmnorhina tibicen

“ NB = nest-building; NR = nest-relief; I = incubation; B = brooding; FY = feeding young; TD = territorial defense; PB-M = pair-bond

maintenance; C = courtship; F-GM = family-group maintenance.

cording. During this period the situations in
which females sang were noted, and hypoth-
eses concerning the function(s) of this song
were derived. During the second year of the
study, these hypotheses were tested experi-
mentally.

SYNOPSIS OF THE BLACK-HEADED
GROSBEAK BREEDING CYCLE

The first birds arrived in the study area (Mal-
ibu-Guinavah Campground, in Cache Nation-
al Forest 10 km east of Logan, Cache County,
Utah) about the first week in May. Observa-
tions indicated that some birds were paired
upon arrival. Such pairs may have been formed
on the wintering grounds or during migration.
During the early part of the breeding season,
paired birds foraged together within their ter-
ritories. The female usually followed the male
as he moved through the territory feeding and

singing. Such singing apparently serves a ter-
ritorial function and, in addition, probably en-
ables the female to maintain contact with the
male. Females infrequently sang while forag-
ing near the male (Weston 1947, pers. obs.).
Singing, alone, is not sufficient to maintain
a territory, at least early in the breeding sea-
son, and agonistic encounters involving chas-
ing and even physical contact occurred. Nearly
all chases involved males, although several fe-
male-female chases were observed, and, on
three occasions, females were observed chas-
ing males. On one of these occasions, a female
was observed chasing a male, and, upon land-
ing, she sang one loud song. On another oc-
casion a female appeared to engage in a brief
singing duel with a neighboring male.
Following territory establishment, Black-
headed Grosbeaks become progressively less
aggressive. This change in behavior was quan-
tified in two ways: (1) male singing rates de-
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Fig. 1. Representative sonograms of the songs of male (above) and female (below) Black-headed Gros-
beaks.

clined as the season progressed, and (2) the
frequency of intraspecific agonistic encounters
(i.e. chases and/or actual physical encounters)
decreased (Fig. 2).

Nest building.—The female normally builds
the nest, and I observed three instances in
which females sang while involved in such
construction. Twice, females sang while gath-
ering nest materials, and, on another occasion,
a female was observed singing while sitting in
a partially constructed nest. On each of these
occasions a male was within a few meters of
the singing female.

Incubation.—Both sexes are surprisingly vo-
cal on and around the nest. Males frequently
sang while incubating. At times this song ap-
peared to be in response to the singing of
neighboring males, i.e. a male would be qui-
etly incubating when, upon hearing a neigh-
boring male singing, the incubating bird be-
gan to sing. At other times the male’s singing
appeared to be a signal to the female that he
was about to leave the nest.

Females rarely sing while incubating. On two
occasions incubating females sang in apparent
response to the singing of neighboring males.
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Fig. 2.

Distribution of intraspecific agonistic encounters (chases and/or actual physical encounters) among

male and female Black-headed Grosbeaks (Day 0 = first egg laid).

In most cases, however, females showed no re-
sponse to the singing of neighboring males.

On many occasions a male or female would
approach the nest and find its mate quietly in-
cubating. At these times, males and females
frequently uttered “’chip’’ calls or sang. The in-
cubating bird, upon hearing its mate, would
then leave the nest.

Parental care.—During the first few days post-
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hatching, the adults maintained the same
schedule as when incubating. Both adults fed
and brooded the young, and their behavior
when changing places on the nest was similar
to that during incubation, with one significant
difference. As the brooding period progressed,
the females began to sing more frequently (Fig.
3)

By the eighth day post-hatching the young

young
leave the nest

Singing rates of selected females during the 1977 and 1978 breeding seasons.
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were brooded infrequently. Adults approach-
ing the nest to feed the young frequently vo-
calized. These vocalizations were either ““chip”
calls or songs. Upon the arrival of the adult at
the nest, the young grosbeaks immediately be-
gan calling. At times the young began calling
upon hearing the calls or songs of their par-
ents.

The young may leave the nest as early as the
ninth day post-hatching, although departure at
10-14 days post-hatching was more common
(n = 21, & = 11.5). After leaving the nest they
scatter among the shrubs near the nest, perch-
ing on low branches. During the first few days,
the young are rather quiet. As they are unable
to fly at this time, they remain within a re-
stricted area, and the adults generally have lit-
tle trouble locating and feeding them (Weston
1947, pers. obs.). If, however, a parent is un-
able to locate a young bird, the parent will be-
gin to utter “chip” calls and/or songs. Upon
hearing their parents’ vocalizations, young
grosbeaks respond by uttering “phee-oo” and/
or “hunger-distress” calls. In this manner the
parents and young are able to maintain con-
tact.

Maintaining contact between the parents and
their young obviously becomes more difficult
after the young attain flight (approximately 15
days post-hatching). To maintain contact,
grosbeaks appear to use the same system de-
scribed above. When parents have food for the
young, but are unsure of the location of the
young, the parents begin to utter “chip’ calls
or, more frequently, songs. Upon hearing a
parent, young grosbeaks utter “’phee-oo” and/
or “hunger-distress” calls. The parent then flies
to the young bird and feeds it. Occasionally,
after hearing a parent sing, a young grosbeak
will fly to within a few meters or less of the
adult and, if not fed immediately, will begin
calling.

At this stage (2-3 weeks post-hatching), fam-
ily groups begin to wander and no longer stay
within their territories. Because of this wan-
dering, it is difficult to observe specific family
groups over long periods, and, therefore, the
duration of such groups remains a question.
Weston (1947) reported seeing young gros-
beaks being fed by adults in early August, but
he was unable to determine the actual length
of the dependent period.

Summarizing the above observations, I found

GARY RITCHISON
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that both male and female Black-headed Gros-
beaks sing in the following situations: (1) as
they forage with their mates before nesting, (2)
after chasing neighboring males from their ter-
ritory, (3) during nest building, (4) during in-
cubation, (5) during change-overs at the nest
(both during incubation and brooding), (6)
when coming to the nest to feed the young, (7)
when attempting to locate and feed fledged
young.

These observations, along with those of Head
(1902, 1904) and Weston (1947), suggested the
following generalized functions of female song
in the Black-headed Grosbeak: (1) maintenance
of the pair bond, (2) territorial defense, (3) fam-
ily-group maintenance.

Other reports (Ritchison in prep.) have re-
vealed that female song in the Black-headed
Grosbeak does appear to be important in the
maintenance of the pair bond, although it plays
no role in territorial defense. The main objec-
tive of the present study was to examine the
possible role of singing by female Black-head-
ed Grosbeaks in family-group maintenance.

MATERIALS AND METHODS

Fieldwork was conducted during the breeding sea-
son of 1978 at Malibu-Guinavah Campground. Eight
young grosbeaks from five different nests were tested
in these experiments. All birds tested were between
10 and 17 days of age.

Apparatus.—Testing was conducted in an auto-
mobile from which the birds had no contact (visual
or vocal) with their parents or other grosbeaks. The
test apparatus consisted of a testing arena and a port-
able tape recorder (Nagra IIIB) connected by cable to
a portable loudspeaker.

The arena was a box with floor dimensions of
125 x 28.8 cm and walls 28.8 cm high. The floor and
long walls of the box were made of wood while the
short walls consisted of cheesecloth. To provide a
reference grid for the purpose of scoring a bird’s po-
sition in the arena, the floor was marked out into 25
5-cm cells. In addition, the top of the apparatus was
covered with a wire screen.

During tests the observer sat in the front seat of
the automobile and viewed the floor of the arena by
means of a mirror suspended at an angle above it.
For the playback of recorded songs the portable loud-
speaker was placed against the cheesecloth at one
end or the other of the arena, and the tape recorder
was controlled by the observer from the front seat.

Playback recordings.—The songs of parents and
strangers were recorded using a Nagra IIIB tape re-
corder with an Altec 633A microphone, which was
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housed in a 62-cm parabolic reflector. All recordings
were made at a tape speed of 19 cm/s (7%2 ips). From
these recordings were made 3-min test tapes, with
songs spaced at 15-s intervals.

Testing procedure.—Each bird was tested alone.
Initially, the young bird was placed at the central
position on the floor grid of the arena, and its be-
havior during the next 3 min was observed and scored
without playback of any sound through the speaker.
Such a period will be referred to as a ““pre-test.” At
the end of a pre-test, the young grosbeak was re-
placed at the central position of the floor grid. For
the next 3 min songs were played, and again the
behavior of the bird was observed and scored. Such
a period with playback will be referred to as a “test.”
Immediately after the test period, the young bird was
again replaced at the central position of the floor grid.
Its behavior during the next 3 min was again ob-
served and scored. Such a period without playback
after the test period will be referred to as a ““post-
test.”

Each bird was exposed to four types of test in this
way: two parental tests, in which the songs of its
mother and father were played, and two “stranger”
tests, in which the songs of strange males and fe-
males were played. The young birds experienced each
of the four types of pre-test/test/post-test sequences
twice, once with the speaker at one end of the arena
and once with the speaker at the other end. The se-
quence of presentation was either parental-stranger-
parental-stranger or stranger-parental-stranger-pa-
rental; as many birds experienced the one as the oth-
er. The sequence in which the ends of the arena were
used was also varied among birds, and the order of
ends was independent of the order of test types. The
complete sequence of testing for a young grosbeak
thus consisted of 8 pre-test/test/post-test runs, each
9 min in duration. I allowed 5 min between each run
for rewinding and changing test tapes on the tape
recorder. The young bird remained in the arena dur-
ing this time.

For the tests the volume controls of the tape re-
corder were adjusted so that modulometer readings
were similar for each tape used. No precise mea-
surements of sound intensity levels in the arena were
made, however.

Scoring.—For the purposes of scoring the behavior
of the young grosbeaks, each pre-test, test, and post-
test was divided into 12 15-s intervals. At the end of
each 15-s interval, a bird’s position, orientation, and
the types and numbers of calls were noted. Details
of the conventions used for scoring the behavior of
the young grosbeaks are as follows:

(i) Orientation. Two scores for orientation were
accumulated: one for orientation toward the speaker
end of the arena and one for orientation toward the
other end. A bird was judged as oriented to one end
or the other if it was pointed directly toward that
end or in a direction within 20° to either side of the
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direct line from it to the end. In each 15-s interval
the bird was thus scored as oriented toward the
speaker end, or as oriented toward the other end, or
as unoriented. By counting up the intervals in which
orientation was one way and the intervals in which
it was the other way I obtained the two scores. In a
3-min pre-test, test, or post-test, therefore, the max-
imum possible score for one end, and for the two
ends taken together, was 12.

(ii) Position. As in the procedure for orientation,
two scores were obtained: one for the speaker end
of the arena and one for the other end. The central
position in the arena, from which a bird started out
in each pre-test, test, and post-test, carried a position
value of 0. The 5-cm transverse divisions of the floor
carried position values, which increased from 1 to
12, reading from the central position to one side or
the other. At the end of each 15-s interval, a bird’s
position on the floor grid, determined by the location
of its feet, was noted and scored. Summing the scores
for the two sides separately gave the two position
scores. The maximum possible score in a 3-min pre-
test, test, or post-test, for one side or for the two
sides taken together, was therefore 144 (12 x 12). The
maximum score would result if a bird spent all 12
intervals of a pre-test, test, or post-test within 5-cm
of one or other of the end-walls of the arena.

(iii) Position Change. A 15-s interval was scored
as positive for position change if the bird’s position
on the floor grid at the end of that interval was dif-
ferent from what it had been at the end of the pre-
ceding interval, regardless of direction. The maxi-
mum score for position change in a 3-min pre-test,
test, or post-test was therefore 12.

(iv) Calling. The types and numbers of calls given
by a bird during the pre-test, test, and post-test pe-
riods were noted.

Playback experiments with free-living young.—In ad-
dition to tests in the apparatus, a series of experi-
ments were performed with young grosbeaks in a
natural setting, i.e. while the birds were perched in
a bush or small tree. Each experiment consisted of
three 5-min segments (pre-test, test, post-test), and
throughout each test all sounds and nonvocal behav-
ior were noted. Each bird was tested twice with its
mother’s songs, and trials were at least 1 day apart.
The speaker was placed 5-10 m from the young gros-
beaks in these experiments.

Playback experiments with adult females.—The re-
sponses of females to playback of the “phee-00” calls
of their young were also examined in the field. The
procedures followed in these tests were the same as
those used in the playback experiments with the
young. Each experiment consisted of three 5-min
segments (pre-test, test, and post-test). Throughout
each test all sounds and non-vocal behavior were
noted. Each female was tested twice with the “phee-
00’ calls of one of her young. Different trials were
at least 1 day apart.
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TaBLE 2. Responses of young grosbeaks to playback of female song in the test apparatus.

Significance levels™*

Mean scorest-t PPT SPT PPT PT PAT
vs. vs. vs. vs. vs.
PPT SPT PT ST PAT SAT SPT ST PT ST SAT
Orientation
to speaker 2.4 1.7 5.4 2.4 5.1 2.5 NS NS NS 0.05 NS
Orientation
to other end 1.3 1.9 1.3 2.0 1.2 2.8 NS NS NS NS NS
Position score,
speaker end 18.1 8.6 336 179 135 17.0 NS NS NS NS NS
Position score,
other end 31.0 37.1 288 324 320 250 NS NS NS NS NS
Position change 2.2 4.5 2.4 2.0 0.6 1.2 NS NS 0.02 0.02 NS
Number of
“phee-00" calls 17.4 157 542 27.0 376 268 NS 0.05 0.01 0.01 0.05
Number of “hunger-
distress” calls 0.3 0.3 105 2.2 0 0 NS NS 0.01 0.02 NS

2 The mean scores were derived from two sets of experiments on each of eight birds. The significance levels are according to Wilcoxon

matched-pairs tests, two-tailed.
b P < number given: NS = not significant.

¢ PPT = parental pre-test; SPT = stranger pre-test; PT = parental test; ST = stranger test; PAT = parental post-test; SAT = stranger post-test.

ResuLTs

Responses of young grosbeaks to parental song
in the test apparatus.—The results are summa-
rized in Tables 2 and 3, together with signifi-
cance levels, given by Wilcoxon comparisons,
for the differences among all pre-tests, tests,
and post-tests. As these figures and compari-
sons clearly show, the young grosbeaks moved
about more, called more, and were more often
oriented toward the speaker in response to pa-
rental song than to the songs of strangers. The
effects on a young grosbeak’s behavior of play-
ing the parental songs were spectacular in most
cases. Typically a bird’s behavior in the pre-
tests consisted of standing or sitting near the
center of the arena and giving occasional ““phee-
00" calls. At the sound of the parental song,
however, there was usually an immediate and
sudden change: the young grosbeak raised its
head and started calling (often beginning by
uttering a series of “hunger-distress’ calls fol-
lowed by nearly continuous “phee-00” calls).
In general, then, there was incessant calling
and locomotion (i.e. position change) in the
parental tests.

Responses of young grosbeaks to the songs of
strangers in the test apparatus.—Although the
responses of the young grosbeaks to playback
of the songs of strangers were less pronounced,
they were still significant in several categories

of response (Tables 2, 3). As in the parental
tests, the young grosbeaks’ first response to the
songs of strangers was often a series of “hun-
ger-distress” calls followed by nearly contin-
uous “phee-00”’ calls. This vocal response to
the songs of strangers, however, was signifi-
cantly less pronounced than the response to
parental song (Tables 2, 3). In addition,
strangers’ songs elicited no significant loco-
motory responses. Finally, young grosbeaks
showed a significant orientation away from the
speaker in response to the playback of the songs
of strange males (Table 3).

Playback experiments with free-living young.—
In the test apparatus, as well as under natural
conditions, young grosbeaks responded to pa-
rental song by uttering “phee-o0’ calls and/or
“hunger-distress’’ calls. A comparison of the
responses of young birds in the apparatus and
in a natural setting, however, revealed differ-
ences with respect to orientation and ap-
proach. Under natural conditions young gros-
beaks showed a significant tendency to
approach the speaker (Table 4); birds in the test
apparatus, however, showed no such tendency
(Tables 2 and 3). Young grosbeaks in the ap-
paratus did, however, show increased loco-
motion. These results, although not predicted
initially, might be explained as follows. In pre-
cocial species, such as the Laughing Gull (Lar-
us atricilla; Beer 1970a, b) and Ring-billed Gull
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TaBLE 3. Responses of young grosbeaks to playback of male song in the test apparatus.

Significance levels®®

Mean scores®? PPT SPT PPT PT  PAT
vs. vs. vs. vs. vs.
PPT SPT PT ST PAT SAT SPT ST PT ST SAT
Orientation
to speaker 2.8 2.4 3.2 1.5 2.3 2.4 NS NS NS 0.05 NS
Orientation
to other end 1.5 1.8 2.1 3.4 2.5 2.4 NS 0.02 NS NS NS
Position score,
speaker end 3.1 11.8 182 115 272 319 NS NS NS NS NS
Position score,
other end 123 236 37.0 364 198 36.6 NS NS NS NS NS
Position change 0.6 0.7 5.2 1.7 1.7 1.1 NS NS 001 0.01 NS
Number of
“phee-00" calls 179 23.0 629 441 374 287 NS 001 0.01 0.01 0.01
Number of “hunger-
distress” calls 0 0.1 7.9 9.3 2.7 0 NS 002 002 NS NS

# Mean scores and significance levels as in Table 2.
8

> PPT = parental pre-test; SPT = stranger pre-test; PT = parental test; ST = stranger test; PAT = parental post-test; SAT = stranger post-test.

(L. delawarensis; Evans 1970b), chicks have been
found to show orientation and approach re-
sponses to the played-back calls of their par-
ents. Because precocial chicks normally ap-
proach their parents by walking or running,
the quickest route to a ““calling parent” (i.e. the
speaker) is to orient toward and approach the
sound source. In the grosbeak, on the other
hand, young birds come in contact with their
parents by flying toward them or, if they are
not yet capable of flight, by remaining motion-
less and calling the adults toward them. In the
apparatus, therefore, young grosbeaks would
not be expected to walk or run toward the sound
source (speaker), but instead (depending on the
age of the young) would either remain motion-

less and call or attempt to “fly” out of the ap-
paratus to locate and approach their unseen
parent. Such reasoning might explain the ab-
sence of significant orientation or approach be-
havior by young grosbeaks in the test appa-
ratus.

Playback experiments with adult females.—The
responses of females to the playback of the
begging calls (“phee-00” calls) of their young
were significant in several categories, i.e. dis-
tance of closest approach, number of songs, and
syllables per song (Table 5). Because only the
calls of their own young were played to indi-
vidual females, these results do not constitute
proof of individual vocal recognition of young
by females. As will be discussed later, how-

TaBLE 4. Responses of free-living young Black-headed Grosbeaks to playback of their mother’s song.

Closest Number Number
approach Number of of “hunger- Number
(m) of flights "phee-oos” distress” of “chips”
Responses®
Pre-test period (PTP) 7.00 0 0.20 0 0.10
Test period (P) 3.30 0.80 2.50 1.60 0.40
Post-test period (PP) 3.50 0.30 0 0 0.30
Significance levels"
PTP vs. P 0.05 0.05 0.05 NS 0.05
PTP vs. PP 0.05 NS NS NS 0.05
P vs. PP NS 0.05 0.05 NS NS

* Values for responses are averages for all tests. The significance levels are according to paired t-tests (n = 6).

® P < number given; NS = not significant.
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TaBLE 5. Responses of females to playback of the “phee-00" calls of their young.

Closest
approach Number Syllables Number Number Number of Number
(m) of songs per song of “chips” of “wheets” " distress” of flights
Responses?
Pre-test period (PTP) 7.00 0 0 5.70 0 0 5.70
Test period (P) 3.00 1.70 5.60 23.20 10.40 0.20 7.20
Post-test period (PP) 4.80 3.80 4.70 13.90 1.20 0 3.20
Significance levels®
PTP vs. P 0.01 NS NS 0.05 NS NS NS
PTP vs. PP 0.05 0.05 0.001 NS NS NS NS
P vs. PP 0.05 0.05 0.05 NS NS NS 0.01

@ Values for response are averages for all tests. The significance levels are according to paired ¢-tests (n = 4).

" P < number given; NS = not significant.

ever, these results do lend support to the con-
clusion that singing by females is important in
family-group maintenance.

DiscussioN

Recent studies involving the recognition of
parents by their young have concentrated on
colonial species, e.g. Common Murres (Uria
aalge; Tschanz 1965, 1968), Black-billed Gulls
(Larus bulleri; Evans 1970a), Laughing Gulls
(Beer 1970a, b), Ring-billed Gulls (Evans 1970b),
and Black-Legged Kittiwakes (Rissa tridactyla;
Cullen 1957). Evidence of individual recogni-
tion between parents and young has been found
in every colonial species in which it has been
sought, with the exception of the Black-legged
Kittiwake. The survival value of this recogni-
tion in colonial species seems quite apparent.
Because a young bird is surrounded by adults
who are not its parents, who are unlikely to
feed it, and who may even attack it, individ-
uals who beg only from their own parents
should conserve energy and have a selective
advantage over indiscriminating young. The
case of the Black-legged Kittiwake may be re-
garded as an exception that proves this rule,
for in that species the young remain confined
to the nest until they fledge (Cullen 1957), so
that up to that time the young do not normally
encounter adults other than their parents.

In contrast to the situation described for co-
lonial species, there is little information avail-
able concerning the recognition of parents by
their young in noncolonial, altricial species.
Only a few observations suggesting the pos-
sibility of such recognition have been report-
ed. For example, Michener and Michener (1935)

stated that a young Mockingbird (Mimus poly-
glottos) recognized the voice of the parent who
fed it and started to beg on hearing it. Nestling
European Blackbirds (Turdus merula) are re-
ported to know their mother by her food call
(Messmer and Messmer 1956), and fledged
young apparently recognize their fathers’
vocalizations (Thielcke-Poltz and Thielcke 1960).
Young Ring Doves (Streptopelia risoria) and
Chiffchaffs (Phylloscopus collybita) are also re-
ported to recognize the calls of their mother
(Craig 1908, Gwinner 1961). Other authors have
reported observations suggesting that altricial
young may recognize parental song. For ex-
ample, Saunders (1929) referred to young House
Wrens (Troglodytes aedon) being stimulated to
open their bills by the males’ song. Young Snow
Buntings (Plectrophenax nivalis) may also be able
to distinguish their father’s song from the song
of other males (Armstrong 1963). The present
study provides clear evidence that young Black-
headed Grosbeaks are able to recognize the
songs of their parents.

Grosbeak family groups begin to wander 2—
3 weeks after hatching and no longer stay with-
in their breeding territories. Because the birds
are moving through thick vegetation in unfa-
miliar areas, maintaining contact becomes more
difficult. Under such conditions individual vo-
cal recognition is essential. Without such rec-
ognition, the maintenance of family groups
would probably be impossible. The need for
the recognition of parental song by young
grosbeaks, therefore, is apparent. Even with
such recognition, however, it would certainly
be possible for young grasbeaks to stray from
the family -groups. Given that possibility, a
positive response to the songs of other adult
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grosbeaks would be advantageous. Such a re-
sponse to strange adults would presumably
tend to enhance the chances of “adoption” by
foster parents. This, in fact, appears to be the
“’strategy’’ used by young grosbeaks. Although
fledglings respond more strongly to the songs
of their own parents, they also show significant
responses to the songs of strange males and
females (Tables 2, 3).

The responses of young grosbeaks to paren-
tal song represent but one side of the parent-
young relationship. The responses of parents
to the vocalizations (or absence of vocaliza-
tions) of their young are equally important.
Among older fledglings, contact with parents
generally results from these fledglings flying to
the parents in response to parental song.
Younger fledglings, however, as well as young
birds that have left the nest but are not yet
capable of flight, maintain contact with parents
by means of the mutual recognition system
discussed previously, i.e. an adult with a food
item, but unaware of the location of its young,
will often begin singing to elicit begging
("“phee-00” and/or “hunger-distress” calls) from
its young. In this way a parent is able to locate
its young. The responses of females to the
playback of the ““phee-00” calls of their young
appear to verify the existence of such a system.
Upon hearing the playback, females showed a
significant approach response, as well as sig-
nificant increases in the number of flights and
number of “chip” calls (Table 5). Such re-
sponses would, under natural conditions, en-
able a parent to locate a young grosbeak quick-
ly. On the other hand, once playback ended,
females showed significant increases in sing-
ing rates. Under natural conditions this would
elicit calling by young grosbeaks and, thus, al-
low a parent to locate its offspring.
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NOTES ON THE BEHAVIOR OF THE
COSTA RICAN SHARPBILL
(OXYRUNCUS CRISTATUS FRATER)

F. GARY STILES! AND BRET WHITNEY?

'Escuela de Biologin, Universidad de Costa Rica, Ciudad Universitaria ““Rodrigo Facio,”” Costa Rica, and

%602 Terrace Mountain Drive, Austin, Texas 78746 USA

ABsTRACT.—The Costa Rican Sharpbill (Oxyruncus cristatus frater) is a chunky bird of
stolid demeanor, with rapid and jerky movements. Males apparently form exploded leks of
3—4 birds, advertising their lek territories by singing a high, thin, wiry, descending trill
from conspicuous perches high in the canopy of precipitous, mid-elevation rain forest. The
singing (and probable breeding) season extends from late February or March to late May or
early June. The bright vermilion crest of the males is erected during intense aggressive
interactions but not during singing. Probable courtship is described, but we were unable
to observe copulation. We also describe a probable flight display of unknown significance.
Sharpbills employ varied foraging tactics and take both fruit and animal prey. The sharp-
pointed bill is used to pry open rolled leaves, undehisced fruits, and tufts of moss and
epiphytes. The Sharpbills’ bill and foraging appear to represent a unique specialization
within the great tyrannine suboscine radiation of the New World tropics and a striking
convergence with the family Icteridae in particular. Received 18 January 1982, accepted 31

August 1982.

THE Sharpbill (Oxyruncus cristatus) is a wide-
ranging but extremely poorly known subos-
cine, generally placed in its own monotypic
family. Five apparently disjunct races have been
described over its broad distribution from Costa
Rica to Paraguay, with the peculiarity that the
northernmost and southernmost forms are more
similar to each other than either is to the in-
tervening forms (Chapman 1939). The north-
ernmost race, O. c. frater Sclater and Salvin,
has been recorded from Bijagua, in the Cor-
dillera de Guanacaste of northern Costa Rica,
south to Veraguas, Panama, principally on the
Caribbean slope but with one specimen each
from San José and Santa Maria de Dota, on the
Pacific slope (Slud 1964, Wetmore 1972). From
specimen records and his two observations of
the bird in Costa Rica, Slud (1964) considered
it a bird of heavily forested regions in the cool
and very humid portions of the subtropical belt,
where it occurred in the canopy and in tall trees
at the forest border. He noted it foraging in
dense foliage at medium heights in the trees,
clinging upside-down while feeding on small
berries. We know of no other substantive pub-
lished accounts of O. c. frater in life, and there
are very few of any of the other races. Wetmore
(1972) describes the body proportions, ptery-
lography, and stomach contents of two O. c.
brooksi he collected in Darién, Panama, while
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E. Eisenmann (cited in Ridgely 1976) ascribes
to O. c. cristatus of Brazil “a long-drawn high
thin whistle that gradually slides down in
pitch.” Also, we have recently received a short
account by T. H. Davis of the behavior of O.
c. hypoglauca of Suriname (in litt.), which will
be discussed below in connection with our ob-
servations of O. c. frater.

In this paper we describe the song, singing
behavior, and probable social system of O. c.
frater, including a flight display and a possible
courtship vocalization. We also present obser-
vations on foraging and other behaviors, some
of which appear to shed light on the species’
chief morphological peculiarity, its sharp-
pointed bill. Our observations of Sharpbills
were made in Parque Nacional Braulio Carrillo,
Provincia de San José, Costa Rica, chiefly in
the vicinity of ““La Montura,” a house beside
the road (under construction) from San José to
Guapiles, in the Atlantic lowlands. Except for
a narrow strip of devastation along the road
itself, the area is heavily forested; the terrain
is exceedingly precipitous (see Fig. 3). Most
observations were made at an elevation of about
1,100 m, near the top of a steep-sided ridge that
separates the Rio Patria watershed on the west
from that of the Rio La Hondura to the east.
The general area falls in the Premontane Rain
Forest life zone of Holdridge (1967). Between
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late June 1980 and early April 1982, Stiles made
a total of 18 visits of 1-5 days’ duration to La
Montura, accumulating some 18 h of observa-
tions on singing Sharpbills plus numerous ob-
servations on foraging and other behaviors.
Whitney watched singing Sharpbills for about
8 h on 17-18 March and 4 April 1982 at La Mon-
tura and briefly observed other behaviors there
and elsewhere on the same dates.

GENERAL APPEARANCE AND BEHAVIOR

In life, Sharpbills appear chunky and short-
legged, about the bulk of a kingbird (Tyrannus)
but with a relatively smaller head and bill and
a shorter tail (Fig. 1a). The upperparts are olive
green, with two yellowish wingbars; the un-
derparts are pale yellow, the breast and sides
heavily spotted with black. The feathers of the
head and throat are flecked or scaled with
blackish. Those of the sides of the crown are
tipped black {more broadly in males) and ob-
scure a bright erectile median crownpatch,
which in the male is bright vermilion, having
more and longer feathers than the paler orange
patch of the female and forming a conspicuous
crest when fully erected. The iris of singing
males appears reddish, the bill and feet grey;
there may be a sexual difference in iris color,
because a bird that visited a song perch of a
male and was tolerated by him in the vicinity
had an orange iris and was almost certainly a
female (see below). The other notable sexual
difference involves the outermost (tenth) pri-
mary: in males, but not females, the barbs of
the basal two-thirds of the outer web are stiff-
ened and recurved, giving a saw-toothed effect
not unlike that of the outermost primary of male
Stelgidopteryx swallows. Notwithstanding these
differences, the sexes are too similar in ap-
pearance to be safely distinguished in the field
under any but the most favorable circum-
stances.

Sharpbills usually perch erectly and rather
stolidly, often sitting in the same spot for min-
utes at a time (although looking alertly about).
When they do move, their movements are
abrupt and jerky, with heavy hops and jumps
in foliage or fast, direct flights between trees.
The normal flight consists of bursts of fast,
shallow wingbeats alternating with short level
glides. The birds usually alight in dense fo-
liage, where they may sit quietly or progress
by short hops and flights upward and outward
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b.

Fig. 1.

Some postures of the Sharpbill, drawn from
35-mm slides. a. Normal perching posture. b. and c.
Singing male.

to the edge of the canopy. Even when perched
in plain sight, Sharpbills are often difficult to
observe, owing to their inconspicuous colors
and sluggish demeanor. The Sharpbill’s stolid
manner was most evident on one of the few
occasions when Stiles saw a male’s crest (part-
ly) raised. This occurred when a male flew from
his song perch to join a furious aggregation of
tanagers, honeycreepers, warblers, and hum-
mingbirds that were responding by vigorous
mobbing behavior to Stiles” whistled imita-
tions of the call of the Highland Pygmy-Owl
(Glaucidium jardinii). Flying rapidly into a near-
by tree, the Sharpbill hopped swiftly up to a
perch in dense foliage and sat for several min-
utes peering incessantly about, partly raising
and lowering its crest several times. Its slug-
gishness contrasted strikingly with the active
flitting of the other birds, its silence with their
excited scolding.

Sharpbills are solitary birds under most cir-
cumstances. Singing males only exceptionally
tolerate other individuals, probably females (see
below), near their song perches. We have nev-
er seen any lasting association between two
Sharpbills nor any indication that the singing
areas of males are also nesting areas. In our
experience, foraging Sharpbills are also seen
singly, although they may associate loosely with
mixed-species flocks, particularly those canopy
flocks organized around parties of tanagers
(Chlorospingus ophthalmicus and/or Tangara
spp.). Sharpbills seem to join flocks that re-
main for some time in the same spot rather
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Fig. 2. Sonagram of the song of the Sharpbill, recorded 22 March 1981 on a Uher 4000-L recorder. Son-

agram prepared by J. W. Hardy.

than moving with the flock for considerable
periods. Davis (in litt.) reports that Sharpbills
in Suriname regularly join and follow mixed-
species foraging flocks.

SONG AND SINGING BEHAVIOR

The most conspicuous vocalization of the
Sharpbill at La Montura is a high, thin, wiry,
descending trill sounding like “eeeeuuuurrr,”
with a rather cicada-like quality. The sonagram
(Fig. 2) shows the trill to have a duration of
about 2.5 s; it commences at a frequency of
about 3 kHz, descends to about 2.5 kHz, and
has a fine structure of about 65 syllables/s. Vo-
calizing birds usually perch on dead or thinly
foliaged branches projecting conspicuously out
of the canopy, about 15-30 m above ground
(Fig. 3). Each bird seems to use a small number
(ca. 3-5) of such perches regularly, within a
radius of 50-100 m; the calling areas of adjacent
birds do not overlap, and in fact the birds ap-
pear to defend them (see below). The only vo-
calizing birds that we could observe closely def-
initely had the vermilion crown-patch of the
male Sharpbill; because the behavior of all call-
ing birds seemed similar, we conclude that all
such birds were probably males. The loudness,
stereotypy, and persistent delivery from con-
spicuous, defended perches of this vocaliza-
tion convince us that it represents the territo-
rial advertising song of the species. A similar
vocalization was heard from Suriname Sharp-
bills by Davis (in litt.), who reached a similar
conclusion regarding its function.

The singing season of the Sharpbill at La

Montura is from late February or early March
to late May or early June. In 1981, Stiles heard
no Sharpbills singing on 8-9 February, but they
were in full song by 13-15 March. In 1982, he
heard only very sporadic singing on 17-19 Feb-
ruary, but by 17-18 March Whitney found them
in full song. Song was still frequent on 22-25
May 1981 but was not heard on 1-5 July (nor
on 29 June-4 July 1980). The singing season is
almost certainly synonymous with the breed-
ing season, as nearly all small canopy-dwelling
birds (except hummingbirds) at La Montura
breed during these months (Stiles unpubl.
data).

In both 1981 and 1982, the number of singing
males at La Montura varied from 3 to 4 on dif-
ferent dates; their territories were arranged in
a loose cluster on both sides of the ridgetop
(Fig. 4). Most of our observations of song and
social behavior were of the male whose terri-
tory included the ridgetop itself, hereafter called
the “ridgetop male” (although in the absence
of banded birds we cannot be certain that the
same individual was involved in both years).
The arrangement of territories varied some-
what between years, although many of the same
song perches were used in both (evidently
sométimes by different males). In 1982, a dead
treetop some 40 m northeast and slightly below
the house was a regular song perch of the
ridgetop male and proved exceptionally favor-
able for observation; most of the significant so-
cial interactions seen involved this perch and
its vicinity. (In 1981 this tree was alive, bore
thick foliage, and was not used as a song perch.)
No other singing Sharpbills were located in the
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Fig. 3. Forest at La Montura, including two song perches of the ridgetop male (1981): the dead branch
in the extreme upper left of the large (ca. 25-m) tree at center, and the uppermost diagonal branch of the
smaller (ca. 17-m), thinly foliaged tree at the extreme right. Photo taken looking southwest across the road
into the Rio Patria drainage; note the steepness of the terrain and the quantity of moss and epiphytes in

the large tree at center.

La Montura area, despite repeated visual and
auditory searches along several kilometers of
roadside and study trails.

The singing posture of the perched bird was
characteristic: it stretched its neck forward,
fluffing its head feathers and opening its bill
wide (Fig. 1b, ¢). The vermilion crown-patch

was never exposed during singing; indeed, the
feathers often appeared so tightly appressed as
to form a concavity in the center of the crown.
During periods of active singing, the ridgetop
male gave an average of about two songs per
minute (interval between songs 15-58 s, mean
31 s for 17 successive songs at about 1300 on
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Fig. 4. Approximate locations of territories and song perches of Sharpbills at La Montura in 1981 ard
1982. Contour interval about 10 m; note extreme steepness of terrain.

21 March 1981). A typical song bout contained
about 10 songs (mean 10.7, range 3-21 for 11
bouts on 21 March and 16 April 1981); gener-
ally, the ridgetop male changed perches one or
more times during a song bout (mean number
of consecutive songs from a perch 3.8, range
1-9 for 8 bouts on 16 April 1981). About 10%
of the songs were given from perches other than
the regular song perches (in the case of the
ridgetop male, many songs were given from
two Clusia feeding trees immediately behind
the house). Often the ridgetop male was an-
swered by, or sang in response to, other sing-
ing males on either side of the ridge. During
the height of the singing season, the Sharpbills
sang most consistently around midday (ca.
1000-1400). During clear weather, the ridgetop
male spent 40-80% of his time on his song

perches during these hours and foraged largely
within sight of them. Even at these times,
however, he was often absent for 5-15 min at
a stretch. A briefer and less intense period of
singing usually occurred at 0540-0700; during
the rest of the day, singing was highly sporad-
ic. Periods of heavy rain often disrupted this
schedule; during the very rainy observation
period of April 1981, the birds did not sing at
all on some days.

The only instance in which markedly differ-
ent singing behavior was observed occurred at
about 1530 on 4 April 1982, some 8 km north
of La Montura, at an elevation of about 700 m.
Whitney observed a lone Sharpbill perched on
a small dead limb near the top of a tall (ca. 20
m) tree at the edge of a clearing. This bird’s
song seemed slightly higher-pitched, thinner,
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and shorter than the songs of the La Montura
birds but was easily recognizable as that of a
Sharpbill. After giving a song, the bird sat si-
lently on its perch for 34 min, then suddenly
launched into a strange, rapid, fluttery flight
in which the wings quivered while the tail
pumped sharply downward as the bird flew
directly across the clearing. While in mid-flight,
the bird jerked its head up slightly, opened its
bill wide, delivered one song, and continued
flying until lost from view behind a tree, after
which it could not be relocated. The song given
in flight sounded exactly like that which the
bird had just given from a perch. No possible
mechanically produced sounds were heard
during this peculiar flight, so the function of
the serrations of the male’s outer primary re-
mains unknown. We have never seen such a
flight display at La Montura and cannot divine
its significance at present. Whitney found no
other Sharpbills in this area, nor had either
Stiles or Whitney seen or heard any in several
visits during the 1981 singing season. Unfor-
tunately, a landslide blocked access to this area
in May 1982.

AGGRESSIVE AND COURTSHIP BEHAVIOR

We rarely saw a male on his song perch in-
teracting closely with another Sharpbill and es-
timate that the ridgetop male on his song
perches was quite alone for at least 95-98% of
the time. On several occasions Stiles saw this
male give what appeared to be a stylized dou-
ble wing-stretch, snapping his wings half open
horizontally, holding the pose for a second or
so, then snapping them shut. Such movements
occurred more often during a bout of singing
back and forth with another male, but Stiles
was unable to determine whether or not the
males were in visual contact. Certainly no oth-
er Sharpbill was detected close to the male’s
song perch on such occasions, and we do not
know the function (if any) of this apparent dis-
play.

Nevertheless, two types of social interactions
centered about the males’ song perches were
observed: aggressive interactions, evidently
involving two males, and what appeared to be
female visits leading to courtship. At least some
of the departures of the ridgetop male from his
territory were evidently for the purpose of in-
teracting with other males. At about 1130 on
21 March 1981, some 2 min after this male had
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flown east down the hill toward another sing-
ing male, Stiles saw two Sharpbills burst out
of a tree some 75 m below the road, locked in
combat. The fluttering, grappling birds dropped
about 10 m and separated; one flew off to the
east, and the other, evidently the ridgetop male,
flew to a tree just below the road and perched,
his crown-patch fully erected into a flaming
crest. He gradually lowered his crest and after
a minute or so began to sing while hopping
about in dense foliage. Finally, he flew to one
of his regular song perches and sang for several
minutes, during which time he was answered
several times by the bird to the east. On three
other occasions, Stiles saw another Sharpbill
fly in and land near the song perch of the
ridgetop male, who without further ado
launched himselt at the intruder and chased it
out of sight. Twice he remained out of contact
for several minutes, but after one such incident
on 18 February 1982 he returned within 30 s
with crest partly raised, but quickly lowered it
and sang. All of these interactions were entire-
ly silent.

We observed two possible instances of
courtship. During the morning and early after-
noon of 18 March 1982, Whitney frequently
noted the presence of a second Sharpbill for-
aging in the trees adjacent to the ridgetop male’s
song perch below the house. This second bird
appeared to be ignored on most occasions, but
once the male flew to join the other bird in a
tree 15 m away. Here the two birds perched
very close together on a mossy limb some 12
m above the ground and out of Whitney’s di-
rect line of sight. At least one of the birds re-
peatedly gave a soft, descending chatter of 6—
10 syllables that reminded Whitney of a vocal-
ization of Leptopogon amaurocephalus. After
several repetitions of the chatter, one bird left
the tree and flew out of sight, followed 2 s later
by the other. Following this, the ridgetop male
did not return to his song perch for about 10
min. On 5 April 1982, Stiles twice saw a Sharp-
bill fly in and land on the ridgetop male’s song
perch below the house while the male was ab-
sent near midday. This individual differed from
the ridgetop male in that its iris was orangish
and it appeared to have less fluffy crown feath-
ers; it perched silently while looking actively
about. On the first occasion, this bird flew off
after about 5 min without the male having put
in an appearance. On the second occasion, at
1245, the ridgetop male flew directly in and
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supplanted this bird on the song perch but did
not chase it. The second bird flew into a tree
some 20 m away and appeared to forage. After
singing twice, the male flew into the same tree
and perched in dense foliage, apparently close
to the other bird but out of sight. Stiles heard
several bursts of soft, high-pitched, thin, de-
scending chatters in the next 15-20 s (evidently
the same vocalization heard by Whitney); then
the birds apparently left the tree heading east
or northeast out of Stiles’ line of sight. Some 5
min later the ridgetop male flew into a Clusia
tree behind the house, approaching from the
east; after foraging briefly, he flew to his song
perch and sang. During the next 1.5 h, no other
Sharpbill was seen in his territory. The male’s
apparent tolerance of these birds near his song
perches and the occurrence of a distinct type
of vocalization when the two birds were in close
contact strongly suggest that these visitors were
females and that the interaction observed was
courtship. Unfortunately, both of the chatter-
ing interactions occurred in foliage too dense
for us to see precisely what occurred, although
the interaction certainly did not appear to be
aggressive.

The nature of these interactions, plus the lack
of any long-term association between two
Sharpbills, leads us to conclude that the cluster
of male territories functions as an exploded lek.
Aggressive interactions around song perches
between lek males in Phaethornis superciliosus
and other lek species (Stiles and Wolf 1979 and
included references) are strikingly similar to the
aggression seen in Sharpbills. The only non-
aggressive interactions between Sharpbills seen
were the presumed courtships described above,
which resemble male-female interactions seen
on the exploded leks of some Cotingidae (Snow
1972, 1977). No sign of nesting activity was ever
seen in the males’ territories, and the fact that
the males were apparently continuously pres-
ent throughout the supposed breeding season
argues against any lasting pair bond being
formed: in those tyrannine suboscines where
a pair bond is formed, the males may not build
the nest or incubate but they do help to feed
the young (Skutch 1960, 1969). Although the
ridgetop male’s territory contained several
fruiting trees (more in 1981 than in 1982), we
saw no overt defense of the trees per se, and
our data strongly suggest that much feeding
occurred off territory. In Suriname, Davis (in
litt.) found clusters of 3-4 singing birds (pre-
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sumably males) separated by distances of 1-2
km and also concluded that they were exploded
leks.

FOrRAGING BEHAVIOR

We observed several kinds of foraging be-
havior by Sharpbills, both for fruits and for
arthropod prey. On various occasions we
watched a Sharpbill hop deliberately along a
moss-laden branch well up in the canopy and
probe with the bill into tufts of moss or small
epiphytes, sometimes prying small cushions of
moss, etc. away from the branch to peer be-
neath them. The birds also sometimes clung to
the sides of branches to peer beneath, like big,
slow-moving tanagers (Tangara, etc.), again
apparently poking and probing into the moss
tufts on the branch undersides. Occasionally,
Stiles has seen Sharpbills make short, rather
clumsy looking sallies, presumably to pluck
prey from nearby foliage; such sally-feeding is
common in some South American populations
of the species (M. P. Fogden pers. comm.) On
3 October 1981 Stiles, T. Moermond, and J.
Denslow watched a Sharpbill forage for over 10
min. This bird was deliberately inserting its
fine-pointed bill into the tips and edges of
tightly rolled young Clusia leaves and appar-
ently opening up the leaves by gaping with the
bill, often hanging acrobatically in the process.
Once it gobbled up something that evidently
had been hidden in the rolled leaf. The bird
also practiced this technique on rolled dead
leaves as we watched. On 20 December 1981
Stiles watched a similar bout of foraging at the
rolled young leaves of a strangler fig (Ficus) well
up in the canopy. The spiders and their egg
cases found by Wetmore in Sharpbill stomachs
could well have been procured by the poking
and prying techniques described here.

Sharpbills were also observed taking fruit on
numerous occasions. Sometimes they took small
berries (Ericaceae, Loranthaceae, etc.) as de-
scribed by Slud (1964). The most frequent
fruit-foraging we saw, however, was at trees
bearing arillate fruits, especially Hampea ap-
pendiculata (Tiliaceae) and Clusia oblanceolata
(Guttiferae). The ridgetop male regularly for-
aged at one Hampea and three Clusia trees
within 100 m of his favorite song perch. In each
case, the bird hopped swiftly but heavily in the
foliage, grasping the twig and hanging upside-
down while inserting the point of its bill into
the pods or husks of fruits that were just be-
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ginning to dehisce and in which the aril was
not yet fully exposed. Prying open the pod, the
bird would swallow one or more of the arillate
seeds before leaving the fruit. The seeds are
evidently regurgitated later, as Stiles found
several of the black, shiny Hampea seeds under
the male’s favorite song perch. A number of
other birds eagerly eat the arillate seeds of both
Hampea and Clusia, including toucanets,
thrushes, tanagers, and flycatchers, such that
when we observed them, these trees had very
few open fruits with uneaten seeds at any one
time. The ability of the Sharpbill to exploit these
fruits before they open fully may well give it
an advantage in potential competition for them.

It would thus appear that the Sharpbill’s
sharp bill serves the function of a wedge in
prying open rolled leaves and dehiscing fruit
and perhaps in prying up tufts of moss, etc. on
branches. Strikingly similar pry-and-gape for-
aging behavior has been well documented in
various similarly “sharp-billed” members of the
family Icteridae (e.g. Skutch 1954) and in Ver-
mivora chrysoptera and V. peregrina of the Pa-
rulidae (Slud 1964, Morton 1980, Tramer and
Kemp 1980). In the forest canopy at La Mon-
tura, several other species forage in somewhat
similar ways, but we have seen none that du-
plicates the range of pry-and-gape tactics em-
ployed by Sharpbills. The icterids Cacicus uro-
pygialis and Zarhynchus wagleri regularly pry
into moss and epiphytes on branches and (Ca-
cicus) rolled dead leaves, especially of palms,
but we have not seen them take fruit. The bar-
bet Eubucco bourcierii regularly probes rolled
dead leaves (cf. Slud 1964), but we have never
seen it open rolled young leaves of Clusia or
Ficus or dehiscing fruits. The same applies to
the much smaller Vermivora warblers, which
are probably unable to handle the tough, leath-
ery Clusia leaves or take fruits with seeds as
large as those of Hampea in any case.

CONCLUSIONS REGARDING SHARPBILL
RELATIONSHIPS

The Sharpbill’s sharp bill and associated
foraging behavior would appear to represent
a unique specialization in the great cotin-
ga-manakin-flycatcher radiation of the Neo-
tropics. Other aspects of its morphology and
biology are perhaps less unusual among its pu-
tative relatives in the Cotingidae and Tyranni-
dae. Sharpbills resemble certain of the larger
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members of the Cotingidae in their general
body proportions and singing behavior and
probably in their social system (cf. Snow 1970,
1972, 1977, Wetmore 1972). Their spotted
plumage is highly unusual but approached by
some other cotingids like Pipreola and Laniiso-
ma. On the other hand, the concealed reddish
crown-patch, modified primary, and flight dis-
play somewhat recall certain tyrannids. More
information is required to evaluate other known
or suspected anatomical peculiarities of Sharp-
bills properly, such as pterylography, jaw and
leg muscles, etc. The nesting habits of Sharp-
bills remain undescribed, and knowledge of
their behavior is still very fragmentary. For the
present, it seems safest to continue to recog-
nize the Oxyruncidae as a monotypic family
until more data become available.
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EVIDENCE FOR A POLYPHYLETIC ORIGIN
OF THE PICIFORMES

Storrs L. OLsoN

National Museum of Natural History, Smithsonian Institution,
Washington, D.C. 20560 USA

ABsTRACT.—Despite two recent anatomical studies to the contrary, the order Piciformes
appears to be polyphyletic. The structure of the zygodactyl foot in the Galbulae is very
distinct from that in the Pici, and no unique shared derived characters of the tarsometatarsus
have been demonstrated for these two taxa. The supposedly three-headed origin of M. flexor
hallucis longus shared by the Galbulae and Pici is doubtfully homologous between the two
groups, leaving only the Type VI deep flexor tendons as defining the order Piciformes. This
condition is probably a convergent similarity. Evidence is presented supporting a close
relationship between the Galbulae and the suborder Coracii and between the Pici and the
Passeriformes. There are fewer character conflicts with this hypothesis than with the hy-
pothesis that the Piciformes are monophyletic. Problems concerning fossil taxa are also
addressed. Received 24 September 1981, accepted 15 May 1982.

A MonNorHYLETIC origin of the Piciformes
appears to have gained support from the si-
multaneous appearance of two cladistic, ana-
tomical papers (Swierczewski and Raikow 1981,
Simpson and Cracraft 1981) that concur in the
traditional concept of the order—a concept that
has prevailed at least since the time of Gadow
(1893). I depart from this view in considering
each of the two major subdivisions of the Pic-
iformes, the Galbulae (Bucconidae, Galbuli-
dae) and the Pici (Capitonidae, Ramphastidae,
Indicatoridae, Picidae), to be more closely re-
lated to another group than to each other. My
purpose here is (1) to show that the evidence
for monophyly is weak, uncorroborated, and
has in part been misrepresented by Simpson
and Cracraft (1981), and (2) to make prelimi-
nary suggestions as to the probable closest rel-
atives of the Galbulae and the Pici.

THE WEAKNESS OF THE EVIDENCE FOR
PicirForRM MONOPHYLY

Zygodactyly. —Obligate zygodactyly, the
condition in which the fourth toe is perma-
nently reversed and has an enlarged accessory
articulating process (the ““sehnenhalter’”’), oc-
curs in cuckoos (Cuculidae, Cuculiformes),
parrots (Psittacidae, Psittaciformes), and in the
Piciformes. This is obviously a derived con-
dition in birds that could be used to define
these taxa as a monophyletic group in a cla-
distic sense, unless it were shown that each of
these zygodactyl taxa shares derived characters
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with outside groups in a manner indicating that
the zygodactyl condition in cuckoos, parrots,
and Piciformes had arisen independently,
through convergence.

Although I certainly do not advocate a
monophyletic origin of zygodactyl birds, the
arguments that Simpson and Cracraft (1981) and
Swierczewski and Raikow (1981) present against
such a hypothesis do not meet the require-
ments of their cladistic methodology. Simpson
and Cracraft (1981: 484) conclude only that ““the
relationships of cuckoos and parrots remain
among the most enigmatic within ornithology

.,/ although “there is a general acceptance
among avian systematists . . . that piciforms
are most closely related to coraciiforms or to
passeriforms and that cuckoos and parrots are
not.” They concede that ““this hypothesis has
yet to be tested cladistically .. ..” Swier-
czewski and Raikow (1981: 469) state that: “The
muscular component of the foot mechanism is
quite different in [the Cuculidae, Psittacidae,
and Piciformes] . . . which supports the con-
tention (Bock and Miller 1959: 30) that those
groups became zygodactyl independently.”
Both sets of authors have thus tacitly accepted
differences between taxa as evidence of non-
relationship, a procedure of which Cracraft has
been outspokenly critical (see Olson 1982).

The most complete and original work on the
nature of the zygodactyl foot is that of Stein-
bacher (1935), whose results have seldom been
accurately represented (a notable exception
being Sibley and Ahlquist 1972). Steinbacher
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Fig. 1.
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Posterior (top row) and lateral (bottom row) views of the distal end of the tarsometatarsus in the

four groups of birds with obligate zygodactyly (illustrations from Steinbacher 1935). A, cuckoo, Centropus
ateralbus (Cuculidae, Cuculiformes); B, jacamar, Galbula ruficauda (Galbulidae, Galbulae, “Piciformes”); C,
toucan, Ramphastos toco (Ramphastidae, Pici, Piciformes); D, parrot, Amazona ochrocephala (Psittacidae,
Psittaciformes). Abbreviations: Sh = sehnenhalter, C II = trochlea for digit II, CIIl = trochlea for digit III,
C IV = trochlea for digit IV, G IV = articulating surface for digit IV, Gsh = articulating surface of sehnen-
halter, M 16 = depression for origin of M. extensor brevis digiti IV, R = groove for tendon of M. extensor
brevis digiti [V, M 4 = depression for tendon of M. flexor perforatus digiti IV. It can be seen that the form
of zygodactyly in the Galbulae is completely different from that in the Pici, and the two can in no way be
regarded as homologous. The best interpretation of the evidence from the tarsometatarsus is that zygodactyly

evolved independently in all four of these groups.

showed that there were four distinct types of
morphology of the tarsometatarsus in birds with
obligate zygodactyly, with that in the Galbulae
being as different from that in the Pici as either
of these two is from parrots or cuckoos (Fig. 1).
In each of these four groups there is a sehnen-
halter. Steinbacher (1935: 234) even identified
a sehnenhalter in owls (Strigiformes), which
are facultatively zygodactyl. Thus, the state-
ment by Simpson and Cracraft (1981: 485) that
“zygodactyly and the presence of a sehnen-
halter can be interpreted as derived characters
defining the piciforms as monophyletic” is dis-
ingenuous. In citing Steinbacher (1935) as pro-

viding evidence “that osteological . . . char-
acteristics of zygodactyly are distinct for the
piciforms and different from cuckoos and par-
rots,” Simpson and Cracraft (1981: 484) have
clearly misrepresented the facts and Steinbach-
er's interpretation of them.

Nowhere do Simpson and Cracraft, nor any
other authors (e.g. Bock and Miller 1959), show
that there are derived characters of the tarso-
metatarsus that will distinguish the Galbulae
and Pici from parrots and cuckoos and that will
establish the Piciformes as a monophyletic
group. In fact, the apparently less modified
trochlea IV and sehnenhalter in the Galbulae
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are actually more similar to the condition in
cuckoos, whereas the larger, more discrete, and
distally projecting sehnenhalter in the Pici is
more like that in parrots (Fig. 1). There simply
is no evidence in the structure of the tarso-
metatarsus that will demonstrate a close rela-
tionship between the Galbulae and the Pici.

Swierczewski and Raikow (1981) present six
myological characters to define their Clade B
(= Galbulae) and six additional myological
characters to define their Clade G (= Pici). Thus,
these two taxa differ from each other in at least
12 myological characters of the hind limb, as
well as having a completely different structure
of the tarsometatarsus associated with their re-
spective forms of zygodactyly. May we not,
then, apply the same statement that Swier-
czewski and Raikow used against monophyly
of all zygodactyl birds to argue against mono-
phyly of the Piciformes, namely that “the mus-
cular component of the foot system is quite dif-
ferent in those groups,” a difference supporting
the contention that they ““became zygodactyl
independently”’ (Swierczewski and Raikow
1981: 469)?

Origin of M. flexor hallucis longus.—Swier-
czewski and Raikow state that M. flexor hal-
lucis longus has three heads in the Piciformes,
which they interpret as a derived condition that
supports monophyly. Simpson and Cracraft
(1981: 483) imply this condition to be unique
to the Piciformes by stating that “the muscle
arises by one or two heads in other birds,”
whereas Swierczewski and Raikow discuss the
fact that M. flexor hallucis longus also has three
heads in most passerines. Because the lateral
head has a different relationship to the tendon
of M. iliofibularis in Passeriformes, Swier-
czewski and Raikow (1981: 473) consider that
the “condition in the two orders is therefore
probably not homologous.” At this point 1
would also question whether the condition in
the Galbulae and Pici has been established as
being homologous.

Before I was able to consult Swierczewski’s
(1977) unpublished dissertation for details, I
dissected one specimen each of the barbet
Trachyphonus darnaudii (Capitonidae: Pici) and
the puffbird Hypnelus bicinctus (Bucconidae:
Galbulae) in order to assess the configuration
of M. flexor hallucis in each. In the normal avi-
an condition, this muscle originates in the
popliteal fossa of the femur. In the specimen
of Hypnelus that I examined, the origin was

STORRS L. OLsON

[Auk, Vol. 100

expanded so that fibers also originated from
the proximal end of the fibula and from the
median raphe of the adjacent M. flexor perfor-
atus digiti IlI. [Incidentally, Fig. 6d in Simpson
and Cracraft (1981) is mislabelled—"Fpp3”’
should read “Fp3.”] In Trachyphonus the fibers
originating on the fibula, and those originating
on the raphe of M. flexor perforatus digiti III,
are slightly separated from the main belly of
the muscle that originates in the popliteal fos-
sa, thus making the muscle three-headed.
Clearly, M. flexor hallucis longus, in contrib-
uting to the flexion of two toes in addition to
the hallux, has become strengthened by ex-
panding the area of its origin to the two nearest
available structures. This is directly correlated
with the Type VI arrangement of the flexor ten-
dons and is part of the same character complex.

I could not detect any separate heads of or-
igin in the bucconid Hypnelus, however. In-
deed, Swierczewski (1977: 57) states that in the
Galbulidae and Bucconidae the heads are
““somewhat difficult to separate from each oth-
er.”” He also notes that the “common belly ex-
tends only about two-thirds the length of the
tibiotarsus” in the Galbulae, versus almost the
entire length of the tibiotarsus in the Pici. Thus,
it seems far from certain that the nature of the
origin of this muscle is homologous between
the Galbulae and the Pici or even that it can
really be said to have three heads in the Gal-
bulae.

Type VI flexor tendons.—Gadow (1893) de-
fined the Piciformes by their possession of the
Type VI configuration of the deep flexor ten-
dons, whereby M. flexor hallucis longus, which
ordinarily has a direct tendinous connection
only with the hallux (digit I), flexes digits II
and IV as well, and M. flexor digitorum longus
flexes only digit III. This condition must have
arisen when digit IV was reversed and began
to function as a second hallux (zygodactyly).
That parrots and cuckoos are zygodactyl but do
not have the Type VI flexor tendons is evidence
that different evolutionary pathways can pro-
duce similar functional results.

The Type VI tendon arrangement was used
originally to define the Piciformes, and it is still
the only character that can be cited to unify the
order. Given that the condition of origin of M.
flexor hallucis longus is part of the same com-
plex and is doubtfully homologous in the Gal-
bulae and Pici anyway, then it may fairly be
said that tl.e new studies of osteology and
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Fig. 2. Lateral and ventral views of skulls of a roller, Coracias benghalensis (A,D); a puffbird, Malacoptila
panamensis (B,E); and a barbet, Trachyphonus purpuratus (C,F). Note the great overall similarity between the
roller (Coraciidae) and the puffbird (Bucconidae), whereas neither closely resembles the barbet (Capitonidae).
The arrows indicate the ventral extent of the postorbital process, which is greatly developed in the Coracii

and Galbulae. Not to scale.

myology of the Piciformes have failed to reveal
a single new character that independently cor-
roborates the hypothesis of monophyly.

If we consider that the Piciformes are not
monophyletic, then the Type VI condition of
the flexor tendons must have arisen more than
once. This is not at all an unreasonable hy-
pothesis. Convergence in myological charac-
ters occurs with great frequency, as Swier-

czewski and Raikow (1981) amply demonstrate.
Of the 43 myological characters presented in
their Table 1, 40% evolved more than once just
within the Piciformes. With the probability of
convergence being so high, it is clearly im-
practical to justify an entire order of birds with
a single myological character. In another situ-
ation, Berman and Raikow (1982: 55) found that
only colies (Coliidae) and parrots have a branch
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of the M. extensor digitorum longus tendon
extending to the hallux; yet, they considered
that “this character alone cannot demonstrate
a common ancestry for the Coliiformes and
Psittaciformes . . . .”” Why, then, should a sin-
gle tendinal character be accepted as demon-
strating the common ancestry of the Pici-
formes?

THE RELATIONSHIPS OF THE GALBULAE
AND THE P1c1

Here, I will briefly outline my reasons for
believing the Galbulae to be closely related to
the rollers, or Coracii of Maurer and Rai-
kow (1981), which includes the Coraciidae,
Brachypteraciidae, and Leptosomidae. The Pici,
on the other hand, I believe are more closely
related to the Passeriformes. These observa-
tions are preliminary; a more complete assess-
ment of the interrelationships of all the higher
orders of land birds requires more evidence
than is now available. For example, it is diffi-
cult to make myological comparisons of the
Piciformes and Coraciiformes from the existing
literature because Swierczewski and Raikow
(1981) and Maurer and Raikow (1981) have pre-
sented only the evidence that supports their
classifications, while omitting the descriptive
observations of actual dissections. Even with
access to the unpublished dissertations of
Swierczewski (1977) and Maurer (1977), cross
comparisons are difficult, because a character
that was deemed important in one group was
often not considered significant in the other,
so that certain descriptions may be inadequate
for comparison, necessitating the re-examina-
tion of specimens.

Sibley and Ahlquist (1972) have previously
suggested a relationship between the Galbulae
and the Coraciiformes, but they particularly
singled out the kingfishers (Alcedinidae) as
possible affines. The kingfishers, however, be-
long to the alcedinine group of Coraciiformes
that is characterized by a derived morphology
of the stapes (Feduccia 1975) and several de-
rived myological characters (Maurer and Rai-
kow 1981) that do not occur in the Galbulae. A
lack of relationship between the Galbulae and
the Alcedinidae does not, however, preclude a
relationship between the Galbulae and some
other section of the Coraciiformes.

The skull and mandible in the Galbulae, par-
ticularly in the less-specialized family Buccon-
idae, show a remarkable similarity to those of
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Coracias (Coraciidae) in almost every aspect
(Fig. 2)—bill shape, truncate palatines, straight
and narrow pterygoids, heavily ossified nasal
septum, shape and position of the temporal
fossae, the inflated ectethmoid plate, and the
greatly exaggerated and ventrally produced
post-orbital process. In all of these characters
the Bucconidae are consistently different from
the Pici.

The major differences between the skulls of
the Bucconidae and Coracias are in the reduced
lacrimal and the dorsal expansion of the pala-
tines onto the parasphenoid rostrum in the
Bucconidae. These differences are more like
those observed between genera within a family
than between different orders. They are less
profound than the differences observed be-
tween the four families of Pici, for example. In
many respects, the skull of Coracias differs less
from that of the bucconid Malacoptila than it
does from Eurystomus, the only other modern
genus in the Coraciidae.

In the Galbulae, and in all of the Coracii, the
postorbital process is greatly enlarged and ex-
tends straight ventrally as far as the jugal bar
(Fig. 2). From this there is a very strong, short,
post-orbital ligament that attaches to a process
on the medial surface of the mandible just an-
terior to the articulation (Fig. 3). The M. ad-
ductor mandibulae complex is correspondingly
narrowed, enabling it to pass through the rel-
atively small foramen formed by the enlarged
postorbital process (Fig. 3). On the other hand,
the postorbital process is quite small in the Pici,
most Passeriformes, the Trogonidae, and in the
remainder of the Coraciiformes except the Bu-
cerotidae and some of the Momotidae. In the
last two instances, the postorbital process is
well developed but does not extend nearly as
far ventrally as it does in the Coracii and the
Galbulae. In the one example of barbet
(Trachyphonus darnaudii) that I dissected, the
postorbital ligament was very weak and was
scarcely differentiated from the overlying fas-
ciae.

In the elements of the postcranial skeleton of
the Galbulae, there is greater similarity to the
Coracii than to the Pici. The coracoid in the
Galbulae is almost identical to that in the roller
group (Fig. 4) and is very different from that
found in the Pici. The humeri and carpometa-
carpi in the Galbulae are also more similar to
those in the rollers than to the Pici (see below).

Those who have experience identifying
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Fig. 3. Dissected heads of a roller, Coracias gar-
rulus (A); a puffbird, Notharchus pectoralis (B); and a
barbet, Trachyphonus darnaudii (C). Note the marked
similarity between the roller and the puffbird in the
very strong ligament (1) from the enlarged postorbital
process to the mandible and in the narrowed adduc-
tor mandibulae complex (m), whereas in the barbet
the postorbital process (p) is very small, the ligament
is vestigial, and the adductor mandibulae complex is
of more normal development. Not to scale.

isolated bird bones are aware of the skeletal
similarities between the Pici and the Passeri-
formes; a possible relationship between these
two groups has long been recognized (see Sib-
ley and Ahlquist 1972). Lowe (1946) considered
the Pici to be but a suborder of the Passeri-
formes and did not include or even mention
the Galbulae.

The coracoid in the Pici and Passeriformes is
very slender and elongate, with the sternal end
and head narrow, the sterno-coracoidal process
reduced, and the procoracoid process usually
vestigial or even absent (Fig. 4). This contrasts
with the condition in the Galbulae and most
Coraciiformes, in which the coracoid is com-
paratively short, the head and sternal end
expanded, and the sterno-coracoidal and pro-
coracoid processes well developed. The car-
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pometacarpus in the Pici differs from that in
the Galbulae and Coraciiformes in having a
broad and very well-developed intermetacar-
pal tubercle, a condition shared only with the
Passeriformes among the higher land birds. The
humerus in the Pici differs from that in the
Galbulae and Coraciiformes and resembles that
in the Passeriformes in having the shaft short
and stout, the proximal end broader, and the
deltoid crest squared, rather than triangular or
rounded.

Whereas we have seen that no characters in-
dependent of the deep flexor tendons could be
found to corroborate piciform monophyly, most
other characters, whatever their “polarity”” may
be, are concordant when the Galbulae are al-
lied with the Coracii and the Pici are allied
with the Passeriformes. Thus, the oil gland is
covered with down and lacks a tufted orifice in
the Galbulae and Coracii but is nude, with a
tufted orifice, in the Pici and Passeriformes
(Gadow 1896). The caeca are well developed in
the Gabulae and Coracii but absent or rudi-
mentary in the Pici and Passeriformes (Gadow
1896; pers. obs. for Galbulae). The structure of
the down in the Galbulae is like that of the
Coracii, whereas that of the Pici is similar to
that of the Passeriformes (Chandler 1916). Of
the six derived myological characters that
Swierczewski and Raikow use to define the Pici,
four (characters 1, 33, 39, and 41) are found in
most, some, or all passerines. Mm. popliteus,
adductor digiti II, and extensor brevis digiti [V
are absent in the Pici (characters 33, 39, and
41) and in Passeriformes, whereas each of these
muscles is present in both the Galbulae and the
Coracii. If my interpretation of Maurer’s (1977)
descriptions is correct, four characters (15, 29,
31, and 32) of the six that Swierczewski and
Raikow (1981) use to define the Galbulae as
monophyletic also occur in the Coracii, where-
as only two (14 and 42) appear to be unique
(autapomorphous). When all of the data can be
analyzed, I am confident that there will be far
fewer character conflicts when the Piciformes
are split apart, as I have proposed here, than
when they are maintained as monophyletic.

COoMMENTS ON Fossi. Taxa

Simpson and Cracraft's (1981: 491) discus-
sions of the Primobucconidae and Zygodacty-
lidae are misleading. Their statement that the



132

STORRs L. OLsoN

[Auk, Vol. 100

Fig. 4. Ventral view of coracoids to show the similarities between the ground roller Brachypteracias
leptosomus (A), and a puffbird, Malacoptila panamensis (B). These differ greatly from the coracoid in the Pici
(C, the woodpecker, Colaptes auratus), which is more like that in passerines (D, a rhinocryptid, Pteroptochos

megapodius). Not to scale.

Primobucconidae have not been shown to be
a monophyletic group is irrelevant. Such a
statement could truthfully be made about the
vast majority of groups of birds or other or-
ganisms. Simpson and Cracraft present no in-
formation to suggest that the primobucconids
are not monophyletic. Their contention that
“the bucconids and galbulids are fully zygo-
dactyl,” but that the “Eocene genera [of pri-
mobucconids] are not,”” hinges entirely on the
definition of ““fully zygodactyl,” which they do
not provide. Two specimens of primobuccon-
ids (the holotype of Neanis kistneri, Feduccia
1973; and the holotype of Primobucco olsoni,
Feduccia and Martin 1976) are preserved with
the outer toe completely reversed, in the zygo-
dactyl manner. Perhaps by “fully zygodactyl”
Simpson and Cracraft mean that the primobuc-
conids do not have the fourth trochlea and seh-
nenhalter as modified as in other zygodactyl
birds, but the primobucconids were certainly
functionally zygodactyl. [Note also that Simp-
son and Cracraft (1981: 491) misquote Feduccia
and Martin (1976)—the description of the pri-
mobucconid tarsometatarsus should read “a
distinct groove separating the posterior portion
of the trochlea” not “supporting’ it.]
Simpson and Cracraft contend that the more
primitive tarsal morphology of the primobuc-
conids argues against their being placed with-
in the Galbulae, but this follows only if one
defines the Galbulae solely by the possession
of a completely modified fourth trochlea. At
some point, the Galbulae obviously had ances-

tors that were not zygodactyl, and forms tran-
sitional between those ancestors and the fully
zygodactyl modern Galbulae must have exist-
ed. The Galbulae would have to be included at
some taxonomic level with birds that did not
have the fourth trochlea as modified as do the
modern members of the suborder. Because
Simpson and Cracraft present no evidence to
show that the primobucconids are more closely
related to some other group, there is no reason
not to follow Brodkorb (1970) and Feduccia and
Martin (1976) in considering the Primobuccon-
idae to be primitive members of the Galbulae
that share more similarities with the Bucconi-
dae than with any other extant family of birds.

Simpson and Cracraft (1981: 492) tentatively
suggest “placing the Zygodactylidae as a basal
member of the Pici,” but they present no evi-
dence for this either. Ballmann (1969a, b) de-
liberately did not put Zygodactylus in any ex-
isting order, because he considered that its
affinities could not be determined from the tar-
sometatarsus and tibiotarsus, the only ele-
ments yet known. For descriptive purposes he
made comparisons not only with the Pici-
formes but also with the Psittaciformes. Ball-
mann (pers. comm.) has emphasized verbally
to me his belief that Zygodactylus is not pici-
form. If Zygodactylus tells us anything at this
point, it is probably that the specialized zygo-
dactyl condition of the tarsometatarsus, in
which the fourth trochlea becomes enlarged and
bears a sehnenhalter, has evolved yet another
time.
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CONCLUSION

As I have indicated elsewhere (Olson 1981),
the higher level systematics of birds has a very
poor foundation. The questions of whether or
not currently recognized orders are monophy-
letic and what the interrelationships of these
orders may be are still largely unanswered. Al-
though the studies of Swierczewski and Rai-
kow (1981) and Maurer and Raikow (1981) are
useful in documenting the monophyly of some
of the subunits of Coraciiformes and Pici-
formes, at the level of ordinal and interordinal
systematics they are less successful. Despite
these workers’ accumulation of much new data,
they could recognize the orders Piciformes and
Coraciiformes as monophyletic only by the
configuration of the deep flexor tendons—the
same character that had been used to define
these orders nine decades ago. Their studies
were designed only so as to test hypotheses
that had previously been formulated, whereas
they seem to lack the means to generate alter-
native hypotheses. Herewith, I have supplied
one for the Piciformes, and there is every rea-
son to expect alternative hypotheses of rela-
tionships for the Coraciiformes and for other
orders based on single characters or that are
otherwise poorly defined.
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MONOPHYLY OF THE PICIFORMES:
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AsstrAaCT.—Olson (1983) questioned the hypothesis that the order Piciformes is mono-
phyletic and suggested instead that each piciform suborder is allied with a nonpiciform
group. His attempt to discredit the synapomorphies joining the Galbulae and Pici is refuted
by corrections of his interpretations of previous work. The Piciformes share a complex
derived hindlimb morphology involving zygodactyly, a tripartite flexor hallucis longus, and
Type VI flexor tendons. Olson’s argument for polyphyly combines inadequate data with the
inappropriate technique of equating general overall similarity with affinity. His hypothesis
is therefore rejected. Problems concerning fossil taxa are also discussed. Based on current
information, we believe that a monophyletic origin of the Piciformes remains the hypothesis
of choice. Received 18 August 1982, accepted 18 October 1982.

SwierczewsKI and Raikow (1981) and Simp-
son and Cracraft (1981) studied the phyloge-
netic relationships of the Piciformes. Both con-
cluded that the order is monophyletic and that
it contains two monophyletic suborders, the
Galbulae (Bucconidae and Galbulidae) and Pici
(Capitonidae, Ramphastidae, Indicatoridae,
and Picidae). Olson (1983) criticizes the hy-
pothesis of monophyly. First, he questions the
arguments supporting this view. He then pre-
sents an alternative hypothesis that the Gal-
bulae are most closely related to the Coracii
and the Pici to the Passeriformes. Finally, he
criticizes Simpson and Cracraft’s discussion of
certain fossil birds. After carefully examining
Olson’s critique, we believe that monophyly
remains the more strongly supported hypoth-
esis. The possible value of these discussions
goes beyond the question of a single branching
point in a phylogeny, as it provides an oppor-
tunity to compare and contrast two profoundly
different approaches to systematic analysis.

PictrorM MONOPHYLY

Zygodactyly.—Olson suggests that zygodac-
tyly arose independently in the Pici and Gal-
bulae because Steinbacher (1935) found differ-
ences in their tarsometatarsi. He does not
consider the possibility that the differences
arose after the two groups diverged from a zy-
godactylous common ancestor. Olson consid-
ers that the tarsometatarsus of the Galbulae is

134

more primitive than that of the Pici, which is
more ‘“‘specialized,” and therefore that mono-
phyly requires the condition in the Pici to have
evolved from that in the Galbulae. Here, he
confuses sister-group relationship with ances-
tor-descendent relationship. We did not pro-
pose that the Pici evolved from the Galbulae
(higher taxa cannot be ancestors). Olson asks
... why would such a transformation take
place? Once a group of birds has become per-
manently zygodactyl, is it possible to become
more zygodactyl?” This question manifests a
confusion. One group is not “more zygodac-
tyl” than the other; both are described by this
term. It may be expected, however, that dif-
ferences will accumulate in separately evolving
lineages after they have split; it is this process
of evolutionary divergence or character trans-
formation that gives rise to the hierarchical
structure of organic diversity. We suggest that
the zygodactyl conditions of the Galbulae and
Pici are homologous because other characters
(see below) corroborate the unity of the Pici-
formes.

M. flexor hallucis longus.—Swierczewski and
Raikow (1981) reported that the flexor hallucis
longus muscle (FHL) shows a derived condi-
tion in its origin by a certain pattern of three
heads. In most birds there are one or some-
times two femoral heads, but the Piciformes
have as well an extensive origin from the fib-
ula. Olson dissected one capitonid (Trachy-
phonus; Pici) and one bucconid (Hypnelus; Gal-

The Auk 100: 134-138. January 1983
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GALBULA

IL. FIB. TENDON
FIBULA

Fig. 1. Lateral views of the region of the knee and
upper crus in three species of piciform birds to show
the mode of origin of M. flexor hallucis longus (FHL).
In all Piciformes the muscle arises by three separate
heads, medial (MED), intermediate (INT), and lateral
(LAT), all of which lie medial to the tendon of M.
iliofibularis (IL. FIB.). The representative forms il-
lustrated are Colaptes auratus (Picidae; Pici), Bucco
tamiata (Bucconidae; Galbulae), and Galbula dea
(Galbulidae; Galbulae). The drawings were made with
a camera lucida and dissecting microscope and are
not to scale.

bulae). In Trachyphonus he confirmed the report
of Swierczewski and Raikow (1981), but in
Hypnelus he did not. Olson quotes Swier-
czewski (1977: 57) as saying that in the Gal-
bulae the heads are ““somewhat difficult to sep-
arate from each other.” Swierczewski’s full
statement, however, conveys a different mean-
ing: “In the Galbulidae and Bucconidae, the
medial head arises semitendinous from the in-
tercondyloid region of the femur, and the in-
termediate head arises fleshy from the proxi-
mocaudal surface of the external femoral
condyle; the heads being somewhat difficult to
separate from each other.” This statement re-
fers to only two of the three heads; it does not
refer to the fibular head, which is the signifi-
cant structure. Olson dissected one specimen
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each of two species. In contrast, Swierczewski
dissected between one and four specimens each
of 45 species, and concluded unequivocally
(1977: 58) that “Three heads of origin were
found in all species studied herein.”

Nevertheless, one of us (R.J.R.) has, in re-
sponse to Olson’s comments, dissected the limb
of Colaptes auratus (Picidae), Bucco tamiata
(Bucconidae), and Galbula dea (Galbulidae).
Like Olson, Raikow confirmed in Colaptes the
three heads previously described (Fig. 1). In
Hypnelus, Olson ... could not detect any
separate heads of origin . . .” and questioned
whether . . . the nature of the origin of this
muscle is homologous between the Galbulae
and the Pici or even that it can really be said
to have three heads in the Galbulae.” The dis-
section of Galbula and Bucco has fully con-
firmed our previous report that the three heads,
including the large fibular head, are present in
the pattern described (Fig. 1). This corrobo-
rates the hypothesis of piciform monophyly and
refutes Olson’s claim that the condition is not
found in both piciform suborders.

Type VI flexor tendons.—Did this condition
arise once in the Piciformes or separately in the
Galbulae and Pici? Olson states that it is
“probably a convergent similarity,” but offers
no evidence. He suggests that the Galbulae
would be difficult to identify with their feet cut
off, but fortunately all of our specimens pos-
sessed feet. (Actually, the relevant structures
are legs, not feet, as the FHL belly lies in the
crus.) Olson feels that such characters do not
justify ordinal rank, but we do not agree that
taxonomic rank is related to the corporeal lo-
cation of the relevant characters. Here, Olson
confuses phylogeny with taxonomy; the ques-
tion at issue is whether the group is mono-
phyletic, not what rank it should have in a clas-
sification. Perhaps the FHL should rank the
group at the generic level, because its origin
lies at the knee joint (Junctura genus).

ANALYsIS OF OLsON’s HYPOTHESIS

Inadequate data.—Olson compares characters
in only some of the relevant groups, so that
comprehensive comparisons cannot be made.
For example, he notes that “in plumage pat-
tern, the ground roller Brachypteracias lepto-
somus is quite similar to certain of the Buccon-
idae such as Malacoptila.” But what are the
patterns in the other Coracii, the other Buc-
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conidae, and the Galbulidae? Why are they not
discussed? Convergence in plumage patterns is
common, which is why comprehensive com-
parisons are needed to distinguish between
synapomorphies and spurious resemblances.

Again, in discussing the skull Olson argues
for similarities between the Galbulae and Cor-
acii, but restricts his comparison almost en-
tirely to the Bucconidae and Coracias when list-
ing several features. ““In all of these characters,”
he notes, “the Bucconidae are consistently dif-
ferent from the Pici.”” But what about the Gal-
bulidae and other Coracii?

This pattern of selective, almost casual choice
of data characterizes Olson’s entire presenta-
tion. It is also difficult to assess his data, be-
cause they are presented in a narrative form
within the text but are not tabulated in a way
that would allow one to determine the state of
each character in all the relevant taxa. A tab-
ulation of this sort would have revealed that
broad conclusions are often based on little data;
e.g. Olson dissected only one barbet to deter-
mine the form of the postorbital ligament in
the large and diverse suborder Pici.

Incorrect determination of polarity.—Although
generally eschewing cladistic methods, Olson
does make one attempt to show the derived
nature of a condition, the complex of the post-
orbital process, postorbital ligament, and ad-
ductor mandibulae. He considers this derived
because it “. . . does not occur in Archaeopter-
yx, in presumably primitive land birds such as
Opisthocomus and the Cuculiformes, or else-
where in the higher groups of land birds.”
Several problems invalidate this conclusion.
First, there is no reason to assume that a char-
acter is primitive because it occurs in “primi-
tive”’ taxa. All taxa, including fossil forms, are
mosaics of primitive and derived characters.
Second, while we concede the general primi-
tiveness of Archaeopteryx, we question the ex-
tent to which the ligament and muscle can be
reconstructed in it. Furthermore, on what basis
are the Cuculiformes and Opisthocomus “‘pre-
sumably primitive’’? What are “higher groups”
of land birds? Why is the comparison limited
to the nonmonophyletic nontaxon of land birds?
Olson’s analysis fails to show that the condi-
tion is derived, or even that it is generally char-
acteristic of the groups involved.

Use of phenetic similarity.—The basic prob-
lem with Olson’s study is that he tries to de-
termine phylogenetic relationships by phenet-
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ic similarity. He claims that we accept the idea
that . . . differences between taxa [are] evi-
dence of nonrelationship . . . ,” but this is in-
correct. We mean only that the absence of sim-
ilarities fails to corroborate a hypothesis of
monophyly, not that the presence of differ-
ences refutes such a hypothesis. “Nonrelation-
ship” has no intrinsic meaning; we are search-
ing for patterns of common ancestry identified
by synapomorphy.

The problem with phenetic comparisons is
that characters are not analyzed so as to iden-
tify the level within the phylogenetic hierarchy
at which they define taxa. To illustrate this
point, we will consider one example from a
recent study of the relationships of Pedionomus
torquatus. This species is placed in the mono-
typic family Pedionomidae, and the problem
is to find its closest relatives. Olson and Stead-
man (1981) rejected the previous hypotheses
that it is related to the Turnicidae (Gruiformes)
or the Galliformes and concluded that it be-
longs in the Charadriiformes. Olson and
Steadman (1981: 3) note that a hallux is present
in Pedionomus and most Charadriiformes but
is absent in the Turnicidae. They consider (p.
21) that this supports the removal of Pediono-
mus “from the vicinity of the Turnicidae and
its placement in the Charadriiformes.” Actual-
ly, it does nothing of the kind. The hallux
evolved in vertebrates as part of the transfor-
mation of the pelvic fin into a limb. As such,
it is a derived character at the level of the Te-
trapoda. Inasmuch as birds form a tetrapod
subgroup, the presence of a hallux is a primi-
tive state and reveals nothing about the rela-
tionships of any avian species to any other. It
tells us one thing only about Pedionomus, name-
ly that it is a member of the Tetrapoda. It def-
initely refutes any hypothesis that Pedionomus
is a fish, but that is all it does.

This example illustrates the principle that
character comparisons convey maximum infor-
mation about phylogenetic relationships only
when one determines the specific points at
which they are relevant within the nested sys-
tem of clades forming a phylogeny. Simplistic
phenetic comparisons fail to provide this in-
formation. Olson’s assessments of ““similarity”
cannot be interpreted, because we do not know
which of them represent shared primitive
characters and which derived for any group of
species. The necessity for such analysis may be
emphasized by pointing out the distinction
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between similarity and phylogenetic relation-
ship, namely that they do not necessarily co-
incide. When an evolving lineage splits, one
daughter lineage may evolve faster than the
other, so that a form may be less similar to a
genealogically closer relative than to a more
distant one. Lungfishes are more similar to
goldfishes than they are to goldfinches, but they
are more closely related to goldfinches than to
goldfishes. Crocodiles are more similar to tur-
tles than to turtle doves, but they are more
closely related to turtle doves than to turtles.
Such statements are based on the idea that re-
lationship is defined by recency of common
ancestry and are correct within the context of
specific phylogenetic hypotheses, in this case
those of Wiley (1979). Genealogical relation-
ships are postulated by the recognition of pat-
terns of monophyly, which are defined by syn-
apomorphy. For extended discussions of this
principle, see Eldredge and Cracraft (1980),
Wiley (1981), and Raikow (1982).

Discussion oF FossiL Taxa

The section of Olson’s critique “Comments
on Fossil Taxa” adds nothing new about the
systematics of the taxa placed in the Primo-
bucconidae and Zygodactylidae but does illus-
trate the limitations of his systematic meth-
odology. Simpson and Cracraft (1981) pointed
out that no evidence exists to support the mon-
ophyly of the Primobucconidae; Olson in con-
trast, believes that this observation is “irrele-
vant.”” But inasmuch as the “primobucconids”
have played a pivotal role in the speculations
of Olson and his colleagues about the history
of the North American bird fauna, it does not
seem “irrelevant” to us to ask whether the Pri-
mobucconidae have any objective reality as a
natural group. Indeed, if the primobucconids
are not monophyletic, then Olson and his col-
leagues are constructing evolutionary scenarios
based upon an imaginary taxon. As a conse-
quence, one might expect that Olson would
want to demonstrate that monophyly. His cri-
tique, however, is a weak attempt to defend
the conclusions of Feduccia and Martin (1976)
and lacks any relevant empirical evidence.

Olson’s attempt to shift the burden of proof
onto Simpson and Cracraft is altogether spu-
rious. We suggest that the burden of proof lies
with workers who erect a taxon without posi-
tive evidence for its existence as a geneaolog-
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ical unit. Present morphological evidence sug-
gests that the Primobucconidae are a grade, not
a clade. If so, then the family has no ontological
status, and Olson should instead be defending
the usefulness of discussing the evolution of a
fictitious taxon.

Simpson and Cracraft (1981: 491) were very
specific in their criticism; none of the taxa of
the Primobucconidae is known to have an en-
larged sehnenhalter. For that reason, they con-
cluded that there is no justification for saying
that the primobucconids are piciforms as cur-
rently accepted, let alone closely related to the
Bucconidae. That conclusion, if true, also fal-
sifies Olson’s unsupported speculations about
the independent origin of zygodactyly in the
Galbulae. From our standpeint, the latter group
was already zygodactylous when it arose, be-
cause the origin of zygodactyly took place at a
higher hierarchical level. This is why Simpson
and Cracraft (1981: 491) suggested that one or
more taxa currently included in the Primo-
bucconidae might be the sister group of the
Piciformes.

Olson’s comments about the Zygodactylidae
contain further inaccuracies. Simpson and Cra-
craft (1981: 492) did provide evidence for in-
cluding this fossil taxon in the Pici, namely an
advanced form of the sehnenhalter, but they
also stressed the very tentative nature of this
placement. Furthermore, Simpson and Cracraft
did not voice any major disagreement with
Ballman’s (1969a, b) interpretations, as implied
by Olson. Their disagreement was with the
placement of the Zygodactylidae in the Gal-
bulae (Brodkorb 1971). Simpson and Cracraft
specifically stated that Ballman may be correct
in believing that Zygodactylus is not a pici-
form.

CONCLUSIONS

Rather than reply to every individual point
raised by Olson, we have instead addressed
the basic differences in systematic philosophy
that exemplify current controversy in biology.
Olson’s attempt to question the synapomor-
phies linking the Galbulae and Pici stands re-
futed; the Piciformes are characterized by a
complex derived morphology of the hind limb
involving zygodactyly, tripartite flexor hallucis
longus, and Type VI tendons. Olson supports
his hypothesis with a potpourri of casual phe-
netic similarities analyzed by inappropriate
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methods, and his argument is little more than
an opinion. On the basis of present under-
standing, we conclude that piciform monophy-
ly remains the preferred hypothesis.
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WHY DO BROWN-HEADED COWBIRDS PERFORM
THE HEAD-DOWN DISPLAY?
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AssTrRACT.—Four hypotheses for the function of the head-down display performed by
Brown-headed Cowbirds were tested with observational data from free-ranging and captive
cowbirds. Free-ranging cowbirds performed 284 interspecific and four intraspecific displays
during 59.2 daylight hours while roosting in mixed-species flocks adjacent to feeding areas.
The most common recipients of displays, female Red-winged Blackbirds and House Spar-
rows, preened cowbirds during 25 displays. Cowbirds that had just been preened displayed
more often than those that had not recently been preened. Captive cowbirds displayed
intraspecifically 475 times during 13.3 h, and dominant captive birds displayed more often
than their subordinates. The following hypothesis was proposed to explain the display’s
function: the head-down display of Brown-headed Cowbirds is an appeasing agonistic be-
havior, the displayor is most often dominant to the recipient, and subsequent displaying is
stimulated by interspecific preening. The display may function in: (a) obtaining food, (b)
minimizing roosting energetics, and/or (c) establishing flock order. Received 26 November

1979, resubmitted 5 January 1982, accepted 30 August 1982.

BrROWN-HEADED CowBIRDs (Molothrus ater)
perform an unusual head-down display (Dar-
ley 1968) during which they direct the backs of
their heads and necks toward other birds (Se-
lander and La Rue 1961). The head-down dis-
play, also called the preening invitation dis-
play (Selander and La Rue 1961), is performed
both intra- and interspecifically (Selander and
La Rue 1961; Stevenson 1969; Rothstein 1977,
1980; Scott 1977). Interspecific displays may in-
clude, in addition to the above posture, the
preening of the displaying cowbird’s feathers
by the display recipient (Selander and La Rue
1961, Scott 1977). Several other species of cow-
birds perform a display similar, but not iden-
tical, to that of the Brown-headed Cowbird
(Selander 1964). Hereafter “display”” will refer
to the head-down display and “cowbird” will
refer to the Brown-headed Cowbird.

The function of the head-down display has
been explained by a number of authors in
sometimes contrasting ways. The purpose of
this study, therefore, was to summarize expla-

2 Present address: Yale Arbovirus Research Unit,
Department of Epidemiology and Public Health, Yale
University School of Medicine, 60 College Street, P.O.
Box 3333, New Haven, Connecticut 06510 USA.

* Present address: Child Study Center, Yale Uni-
versity, 333 Cedar Street, New Haven, Connecticut
06510 USA.
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nations of the display in the form of four hy-
potheses and to evaluate those hypotheses us-
ing data from free-ranging and captive
cowbirds.

Hypothesis 1.—The display is an adaptation
for brood parasitism, which functions in re-
ducing host species’ aggressive tendencies to-
ward a cowbird so that the cowbird can remain
on the host’s territory and/or approach the host’s
nest with less opposition (Selander and La Rue
1961).

Hypothesis 2.—"The display is an aggres-
sively motivated gesture that cowbirds use in
a variety of contexts to assess the fighting po-
tential of other birds, . . . to establish domi-
nance,” or to integrate social units (Rothstein
1980).

Hypothesis 3.—The display is an example of
behavioral mimicry. Cowbirds deceive display
recipients: the recipient interprets the display
as appeasing, while the cowbird’s intent is to
threaten (Rothstein 1980).

Hypothesis 4.—The display is rare in nature,
and, because there is a lack of recorded obser-
vations, the display has little ““biological sig-
nificance” (Dow 1968).

STUDY AREA AND METHODS

Free-ranging cowbirds.—The first field study was
conducted near Bowling Green, Ohio, from 6 March
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until 28 April 1976. The site, a rectangular strip of
land of approximately 3 ha, was bisected by a paved
road and adjacent to the east bank of the Portage
River (North Branch) in Wood County. Observations
were recorded from a car parked 10-25 m from the
river. That portion of the study site west of the road
and adjacent to the river was a flood plain dominated
by deciduous trees, while the portion east of the road
was a cultivated field consisting of corn stubble.

The second field study was conducted in State Col-
lege, Pennsylvania, from 6 January until 12 January
1981. The site included a row of forsythia bushes
(Forsythia sp.) approximately 8 m X 18 m X 2 m. A
gravel road curved around the bushes and passed
within 2 m of their north end. Observations were
recorded from a car parked 10-20 m from the bushes.
The area surrounding the bushes was mowed grass
to the east and cultivated fields of corn stubble to the
west.

Behavioral interactions were observed with the aid
of 7-15 X 35-mm binoculars during 59.2 h of obser-
vation between 0800 and 1830.

Captive cowbirds.—A total of 45 cowbirds (24 AHY
males, 8 HY males, and 13 females) was maintained
in captivity during the winter and spring of 1976.
HY males (males that hatched during 1975) were dis-
tinguished from AHY males (males that hatched be-
fore 1975) by an incomplete post-juvenile molt of the
humeral tract (Baird 1958, Selander and Giller 1960).
All 45 birds were caught in northwestern Ohio dur-
ing the late summer and fall of 1975 with modified
crow traps.

Captive birds were separated by sex, housed in
1.84 m X 2.63 m X 2.31 m holding cages in a barn
near Bowling Green, and exposed to the natural pho-
toperiod via windows. The observation cage, of the
same size as the holding cages, had one window and
five perches. Food (50-50% mixture of cracked corn
and chick starter) and water were constantly avail-
able.

Canvas covered the north wall of the observation
cage, providing visual but not auditory isolation of
the study group from the other captive birds in the
barn. Observations were made from an opening in
a burlap enclosed walkway so that the study group
as well as the rest of the birds in the barn could not
see the observer.

Captive cowbirds were observed in four different
groups of six birds each: females, HY males, AHY
males, and mixed groups (two females, two HY males,
and two AHY males). Females could not be separated
confidently by age and therefore were not divided
into age groups. Each group type was observed for
a 5-day period during 11 January-22 February and
during 26 March-30 April. Observations were re-
corded between 0805 and 1838.

All study groups were treated identically. Birds in
each group were banded with U.S. Fish and Wildlife
Service bands and unique colored leg bands, then
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allowed to habituate to the observation cage for 5
days. Observations began on the sixth day.

The entire group was observed for 20 min, and a
record was kept of the total supplants, retreats, and
head-down displays for 5 days; the group was then
removed and the succeeding group placed in the cage
to begin its habituation period. The order of group
observation was randomized.

Description of behaviors.—“Supplanting’ is an ag-
onistic behavior that occurs when one bird displaces
another (Darley 1968: 20-21). Variation in supplant-
ing can arise from the speed of approach and the
sequence or amplitude of behaviors.

“Retreating” includes ““any pattern, walking, hop-
ping, or flying, used by a submissive bird to leave”
(Darley 1968: 21). When a two-bird interaction re-
sulted in one bird displacing the other, there was
always at least one supplant and one retreat.

The head-down display was first described by Se-
lander and La Rue (1961). While displaying, the cow-
bird’s ““head is bowed” so that ““the bill is directed
vertically downward or in toward the cowbird’s
body.” The orientation of the cowbird’s body to the
recipient can either be directly toward or at an angle
away from the recipient. Commonly, the cowbird
will display as it approaches the recipient, ceasing
its approach when it is about 2 cm away from the
recipient. Occasionally, the cowbird’s approach con-
tinues until it touches the recipient bird’s breast with
the top of its head. Like supplanting and retreating,
head-down displays varied in duration, amplitude,
and speed of the displayor’s approach.

Data analysis.—Captive birds were ranked by so-
cial status based on their supplant and retreat records
(Scott 1977). The bird that supplanted its group
members most often and retreated least was ranked
as the alpha bird.

Displays by free-ranging birds were compared by
sex, recipient species, and supplants. Displays by
captive birds were compared by social status. In Ta-
bles 2 and 3 we analyzed ““display incidents’ as de-
fined by Rothstein (1977: 17).

Statistical analyses followed methods presented by
Zar (1974). Sample sizes greater than or equal to 10
and less than or equal to 25 were analyzed using a
binomial distribution. Samples greater than 25 were
evaluated using a two-tailed x* test corrected for con-
tinuity. A sample size of less than 10 was considered
too small for meaningful statistical analysis.

REsULTS

Free-ranging cowbirds.—None of the recipi-
ents of displays by free-ranging cowbirds re-
sponded by displaying in return to the initia-
tor. Recipients responded either by retreating,
pecking at the displayor, supplanting the dis-
playor, or seeming to ignore the displayor.
None of the recipients preened conspecifics.
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Head-down displays performed by free-ranging Brown-headed Cowbirds in northwestern Ohio

Number
of displays
where
recipient
Sex of dis- Number preened Supplants by
playing cowbird Recipient species of displays  cowbird Cowbird  Recipient
A. Ohio observations (54 h during 33 visits, 0820-1830, 6 March—28 April 1976)
FEMALE ¢ House Sparrow 6 5 1
d House Sparrow 2 2
? Red-winged Blackbird 54 12 21 4
? Rusty Blackbird 2 1
? Brown-headed Cowbird 1 1
MALE d House Sparrow 1 1
? Red-winged Blackbird 10 6
Omnio ToraL 4 species 76 12 36 6
B. Pennsylvania observations (5.2 h during 5 visits, 1125-1610, 6 January—12 January 1981)
FEMALE ? House Sparrow 23 2 12
d House Sparrow 30 9 2
MALE ? House Sparrow 52 37 4
3 House Sparrow 104 11 74 1
? Brown-headed Cowbird 2 1
& Brown-headed Cowbird 1
PENNSYLVANIA
ToraL 2 species 212 13 133 7
GranD ToraL 4 species 288 25 169 13

Free-ranging cowbirds performed 288 head-
down displays during 38 visits to the study
sites that totalled 59.2 h of observation (Table
1). Cowbirds presented displays to four species:
female Red-winged Blackbirds (Agelaius phoe-
niceus), a female Rusty Blackbird (Euphagus
carolinus), male and female House Sparrows
(Passer domesticus), and male and female cow-
birds (Table 1).

All but two recorded displays were observed
while cowbirds were roosting during daylight
hours in trees or shrubs in mixed-species flocks
adjacent to the feeding areas of corn stubble or
stockyard. The remaining two displays were
performed by cowbirds in Pennsylvania while
on snow-covered ground.

Some displays were seen in rapid succes-
sion, separated by about 1-5 s. The birds per-
forming these successive displays quickly fol-
lowed and repeatedly displayed toward the
recipient if the recipient remained in place or
hopped or flew a short distance away (<1 m).
If the recipient bird flew a longer distance away,
the cowbird either displayed toward another
bird or stopped displaying altogether. As a re-
sult of these successive displays, the head-down

display appeared to be more clumped than
evenly spread out in time. If display rate is
considered, based upon the number of min-
utes that cowbirds were present, a display was
observed every 42.6 min in Ohio and every 1.5
min in Pennsylvania.

Female cowbirds in Ohio displayed more
often than males (65 times vs. 11 times, P <
0.001; Table 1), though maximum estimates of
males (n = 338) and females (n = 333) ob-
served were nearly equal. Male cowbirds dis-
played more often than females in Pennsylva-
nia (159 times vs. 53 times, P < 0.01; Table 1);
maximum estimates of males (n = 125) and fe-
males (n = 46) showed that males predomi-
nated.

Eighty-six percent of female cowbird dis-
plays and 91% of male cowbird displays in Ohio
were directed toward female Red-winged
Blackbirds (P =< 0.001 in both cases; Table 1).
Other passerines such as male Red-wings, Eu-
ropean Starlings (Sturnus vulgaris), Common
Grackles (Quiscalus quiscula), Northern Cardi-
nals (Cardinalis cardinalis), and Song Sparrows
(Melospiza melodia) were commonly observed
at the Ohio site and appeared to be available
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TaBLE 2. Head-down displays performed by captive cowbirds during 1976. Each group was observed for
five 20-min periods. Matrices are arranged with the alpha bird in the top left corner and progressively
subordinate birds to the right and below the alpha bird. Because no displays were observed in the group
of six AHY & (16 April-20 April), no matrix is included for that group. Recipients are listed horizontally,

displayors vertically.

6 AHY 3 (16 Feb—20 Feb); mutual displays = 14

6 HY 3 (23 Jan-27 Jan); mutual displays = 23

C A E B D F 3

C — 2 0 1 4 4 11
A 0 — 0 0 0 0 0
E 0 0 — 0 0 14 14
B 0 0 0 — 0 0 0
D 0 0 0 0 — 16 16
F 2 0 0 0 6 — 8
S =49

5 2 (11 Jan-15 Jan); mutual displays = 3

D B E A C F 3
D — 0 0 0 0 0 0
B 3 — 0 0 17 5 25
E 0 1 — 3 0 0 4
A 0 0 0 — 0 2 2
C 0 0 0 0o — 0 0
F 0 0 0 0 0 — 0

3 =31

2 AHY 8,2 HY 3,2 ? (4 Feb-8 Feb);
mutual displays = 83

E C A D B 3 HYS HY3 AHYS AHYS 9 Q
E — 0 2 0 o0 2 H G H G G F =
C 0 — 1 0 1 2 H — 1 0 0 0 4 5
A 0 1 — 10 2 G 0 — 0 0 3 16 19
D 0 0 Y — 0 0 H 0 0 — 9 0 37 46
B 0 0 0 o — 0 G 0 0 0 — o 1 1
G 0 0 0 0 — 13 13
F 0 2 6 0 0o — 8
=6 3=9

6 HY & (6 Apr-10 Apr); mutual displays = 7 6 ? (26 Apr-30 Apr); mutual displays = 48

D H G B C F 3 G E C D A B =
D — 0 0 2 6 1 9 G — 0 12 0 0 0 12
H 0 — 0 0o 0 0 0 E 0 — 11 0o 2 0 13
G 0 0 — o 0 2 2 C 1 7 — 1 1 1 11
B 0 0 0 — 0 0 0 D 0 2 0 — 1 2 5
C 3 0 0 6 — 0 3 A 5 0 3 0 — 6 24
F 0 0 0 0 0 — 0 B 1 1 1 3 14 — 20
S =14 =285

2 AHY &,2 HY &, 2 ? (4 Feb-8 Feb);
mutual displays = 7

AHYS HYS HYS AHYJ

?
C
0
4
0
0
1
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in time and space for cowbirds to display to-
ward if they had chosen to do so.

In Pennsylvania, where only cowbirds and
House Sparrows were observed, House Spar-
rows were recipients of 209 of 212 displays (Ta-
ble 1). Male and female House Sparrows were
present in approximately a 1:1 ratio. House
Sparrows outnumbered cowbirds during all

days of observation; estimates of the number
of birds present per visit varied from 18 to more
than 150 for House Sparrows and from 5 to 75
for cowbirds. Male cowbirds displayed more
often toward male House Sparrows (P < 0.001)
than toward female House Sparrows (Table 1).

Female Red-wings in Ohio and male and fe-
male House Sparrows in Pennsylvania were the
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TaBLE 3. Summary of two-tailed x* analysis of head-
down displays performed by dominant versus
subordinate captive cowbirds.

Dominance position
of birds that
performed display
most often?

March—
Jan-Feb April
Group type, age, obser- obser-

and sex of displaying  vation vation

cowbird period period Total

Segregated AHY 44 — — —

Segregated HY 83 top top top
Segregated 3 & top top top
Segregated ? ? sm" — —

Segregated §J& + ¢ ¢ top — top
Mixed 83 + @9 top — top
Total top — top

2 Top denotes that the top three birds (top two for females Jan-Feb
segregated group) in the dominance hierarchy performed the display
more often (P < 0.05) than subordinates.

¥ Sample size was <10 and therefore not tested.

only birds observed responding to the head-
down display by preening the feathers of the
displaying cowbird. These birds preened male
and female cowbirds on the cowbirds’ capital
tracts and/or the backs of their necks during 25
of 288 displays (9%; Table 1).

Preening seemed to be a strong stimulus for
subsequent displaying at both sites, as a cow-
bird that had been preened seemed more
quickly and more persistently to pursue and
display toward the bird that had preened it. In
Pennsylvania, we tested this prediction by re-
cording displays performed by birds that had
just been preened versus those birds that had
not been preened but that had displayed with-
in the previous 5 min. The birds that had been
preened displayed far more often than those
that had not been preened (P < 0.001); two
birds that had just been preened displayed 29
times during the 3.5 min that we could follow
them, while three birds that had not been
preened displayed 33 times during 15.5 min.

Displaying cowbirds in both Ohio and
Pennsylvania supplanted recipients more often
(P < 0.001) than they retreated from recipients
(Table 1). Following a supplant, displaying
cowbirds were often observed to continue their
approach toward the recipient, which had
moved a short distance away. Frequently, this
sequence of behaviors was repeated, resulting
in a series of supplants by the displayor. When
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recipients supplanted a displaying cowbird, it
was done most often by pecking. Eight of 17
pecks by recipients toward displaying females
were associated with the retreat of the display-
ing female.

Captive cowbirds.—A total of 475 intraspecific
displays by captive birds was recorded during
13.3 h of observation (Table 2). Head-down
displays were observed in all groups during
both observation periods except AHY males
from 16 April until 20 April; they were not ob-
served performing any displays.

Captive cowbirds, in all groups and during
both observation periods, exhibited a peck
dominance hierarchy, and females were sub-
ordinate to males (see Scott 1977: 25-26 for
dominance data). Using the term dominant to
refer to the top three birds in the dominance
hierarchy (top two for females Jan-Feb segre-
gated flock) and subordinate to refer to the bot-
tom three birds in the hierarchy, we found that
when there were differences in display fre-
quencies, dominant birds always performed the
display more often (P =< 0.05) than subordi-
nates (Table 3). Differences in favor of domi-
nant birds were observed more often during
the first observation period than during the
second.

DiscussioN

Hypothesis 1.—Our study, as well as other
evidence, supports the appeasement portion of
hypothesis 1. We observed recipients preening
free-ranging cowbirds during 25 of 288 dis-
plays (Table 1). Interspecific preening was not
observed in any other context. Similarly, it was
not uncommon for captive birds to contact each
other during a mutual display. Thus, display-
ing birds, both free-ranging and captive, were
able to get close enough to recipients to make
physical contact for periods of time up to 2 min,
something that was not observed in any other
context.

Similarly, Stevenson (1969) concluded after
observing 2,530 displays by captive cowbirds
that the display allows birds to approach re-
cipients more closely than if they were not dis-
playing. Results from our study support Ste-
venson’s conclusion.

In addition, Selander and La Rue’s (1961)
study showed that during interspecific dis-
plays, recipients most often initially responded
by pecking at the displaying cowbirds but, af-
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ter additional exposure to the display, gradu-
ally began to peck less and preen more. Allo-
preening was considered less aggressive than
pecking. Robertson and Norman (1976) in their
field study with mounted birds also showed
that the display appeases; potential hosts were
less aggressive to mounts in the display pos-
ture than mounts in the “normal” posture. Fi-
nally, Lowther and Rothstein (1980) suggested
that displays performed by cowbirds less than
1.5 months of age may function in appease-
ment.

We found no evidence during our field ob-
servations that the display and brood parasit-
ism are directly associated. The possibility that
it is infrequently performed in that context,
however, cannot be ruled out by this study.
Displays performed by free-ranging birds and
observed during this study were directed to-
ward species that are uncommon hosts of the
cowbird (Friedmann 1929, Hicks 1934, Scott
unpubl. data). Friedmann (1963) and Rothstein
(1980) also state that the display is seldom di-
rected toward common hosts.

Observations and conclusions by other au-
thors similarly fail to support the parasitism
component of hypothesis 1. Mayfield (1961) and
Friedmann (1963) state that at the time when
female cowbirds lay their eggs, small passer-
ines are not apt to be present at their nests.
Hence, female cowbirds in the process of egg
laying would not commonly interact with po-
tential hosts. Hann (1937, 1941), Mayfield (1961),
and Norman and Robertson (1975) observed fe-
male cowbirds “inspecting” potential host nests
before cowbird egg laying took place. No cow-
bird behavior was reported that could be in-
terpreted as a head-down display. Though
Prescott (1947) observed an instance when a
female cowbird approached a Red-eyed Vireo
(Vireo olivaceus) sitting on its nest and Hann
(1937) observed the same with Ovenbirds (Se-
iurus aurocapillus), the cowbirds supplanted the
vireo and Ovenbirds without performing a be-
havior that could be interpreted as a head-down
display. In fact, the cowbird observed by Pres-
cott supplanted the vireo with a “distinct peck-
ing motion.”

Frequency of the display does not appear to
be influenced by hormone production in males
(Selander and La Rue 1961). Assuming that the
display is directly involved in brood parasit-
ism, one could predict that the frequency of the
display would increase during the breeding
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season concomitantly with increasing hormone
production. Selander and La Rue (1961), how-
ever, did not observe variation in the rate at
which their captive male cowbirds displayed
during mid-April following bilateral castration
in January.

Displays performed by other species of cow-
birds suggest that the display may not have
evolved in a direct relationship with brood
parasitism. Selander (1964) suggests that the
Bay-winged Cowbird’s (Molothrus badius)
“preening invitation display” is an evolution-
ary precursor to the head-down display of the
more evolutionarily specialized Brown-headed
Cowbird. The Bay-winged Cowbird is not a
brood parasite (Friedmann 1929). Hence, the
display may have evolved before the habit of
brood parasitism.

Hypothesis 2.—Two aspects of hypothesis 2
were supported by this study. Patterns of dis-
playing were observed that support the dis-
play’s involvement in integrating social units
(Rothstein 1977). For example, birds in the top
half of the dominance hierarchy displayed more
often than birds in the bottom half (P < 0.05;
Table 3). In addition, when differences in dis-
play rates existed in comparisons between seg-
regated groups and the corresponding age or
sex class of mixed groups, birds displayed more
often (P < 0.01) when both sexes were present
than when just one sex was present (Table 2).
The only exception to this trend was that fe-
males in the segregated flock during March-
April displayed more often than females in the
mixed flock. It also appeared from the study of
captive birds that a displayor may be assessing
the agonistic tendencies of the recipient, es-
pecially when cowbirds first interact with an
unfamiliar individual (Rothstein 1980). This
appeared to be true following the introduction
of House Sparrows and additional cowbirds to
the observation cage (Scott unpubl. data).

We do not agree with that portion of hy-
pothesis 2 that describes the display as a threat.
Rothstein concluded “that the display’s true
message is threat” (Rothstein 1980: 157), be-
cause dominant captive birds display more
often than their subordinates and because some
displaying captive birds alternately displayed
and pecked. We take issue with this conclusion
for two reasons. First, it was not disproven that
dominants may display toward subordinates
in order to appease them. That dominant birds
display most often to subordinates does not
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clearly indicate that the display is aggressive.
Dominant birds, free-ranging or captive, may
display most often toward subordinates in or-
der to get and stay close to subordinates, not
to threaten them. For example, among captive
birds dominant males may display toward
subordinate females in order to stay close to
them. We, as well as Stevenson (1969), inter-
pret no clear intent by displaying cowbirds to
displace recipients. On the contrary, based on
the frequent observation that displaying free-
ranging and captive cowbirds persistently pur-
sued fleeing recipients, it seemed to us that
displaying cowbirds “wanted” recipients to
remain in close proximity. We discussed under
hypothesis 1 additional reasons why the dis-
play is appeasing. Second, the conclusion that
pecking and displaying have the same mean-
ing for cowbirds simply because their perfor-
mances are closely associated in time is not
necessarily valid.

Rothstein’s (1980) results show that the dis-
play is performed by captive birds in a situa-
tion of conflict. Observations during this study
agree. Such a context may explain why some
cowbirds alternately displayed and pecked.
Because we interpreted the display to be non-
aggressive, appeasing, and performed in a sit-
uation of conflict, we prefer to refer to it as a
complex agonistic behavior, i.e. “any behavior
associated with conflict or fighting between two
individuals,”” (Scott 1956: 214-215) rather than
as an aggressive behavior.

Rothstein (1977, 1980) defined the situation
of conflict as the violation of another bird’s in-
dividual distance. The only thing that we
thought could be threatening about the display
was the displayor’s close proximity to the re-
cipient, not the displayor’s posture or move-
ments.

Rothstein’s (1980) experiments also show that
the display is most often performed by birds
that are dominant to recipients. Observations
during this study support that conclusion.

Our results show that among captive birds
males were dominant to females (Table 2) and
that females, across observation periods and
while in mixed groups, responded to 66 dis-
playing males by displaying in return 58 times.
If cowbirds display in order to dominate other
birds and the display is a threat, we would not
expect that a subordinate female, who seldom
threatens males with recognized cowbird threat
behaviors (Scott 1977), would commonly return
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the head-down display of a dominant male as
was observed in our study. Furthermore, it is
not clear why such a complicated threat be-
havior would be selected for when other threats,
like bill pointing or pecking, would seem to
displace and dominate a subordinate recipient
more quickly than would a head-down dis-
play.

Rothstein (1980) explains mutual displays,
like those above, as a ““test of wills” or, alter-
natively, as mutual threats by individuals of
similar social status. Although mutual displays
could be mutual threats by birds of similar sta-
tus, in this study subordinate females and
dominant males commonly displayed mutual-
ly. Our observations, therefore, show that the
prediction that mutually displaying birds are
of similar social status frequently is not true.

Hypothesis 3.—The display cannot be behav-
ioral mimicry, because there is no model for
cowbirds to mimic. Suggesting that the display
is an example of behavioral mimicry implies
that there is selective pressure on cowbirds to
mimic intraspecific behaviors of recipient
species. No field-verified model behavior was
proposed with the mimicry theory, nor have
we seen during hundreds of hours in the field
a behavior performed intraspecifically by re-
cipient species that might be interpreted as a
model for the display. Furthermore, the mim-
icry theory does not explain what specific se-
lective advantage(s) a displayor gains by mim-
icking the behavior of another species.

As an alternative to the behavioral mimicry
theory, we propose a simpler, more straight-
forward explanation: both displayor and recip-
ient interpret the display as appeasement. Even
if additional investigation substantiates the
more complex deception/aggression hypothe-
sis (Rothstein 1980) and it is shown that “re-
ceivers do not respond to the true message
being sent” (Rothstein 1980: 173), the display
should not be labeled as behavioral mimicry.
Not all forms of deception constitute mimicry.

Hypothesis 4. —Hypothesis 4 is refuted by our
observations of free-ranging cowbirds. We ob-
served the display 288 times during 59.2 h of
field observation (Table 1). Furthermore, the
widespread occurrence of the display is sup-
ported by the geographical variation in its
sightings. We have observed the display in
Connecticut, Maryland (unpubl. data), Ohio,
and Pennsylvania. Lowther and Rothstein
(1980) reported it in Kansas; Rothstein (1980)
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saw it in California, Connecticut, and New
York; Dow (1968) observed it in Tennessee; and
Darley (1968) saw it in Ontario. Selander and
La Rue (1961) have sightings from Texas, Rhode
Island, New York, Oklahoma, and Florida.

If more observations were undertaken of
cowbirds as the birds roost during the day in
mixed-species flocks adjacent to feeding areas,
it would become apparent that the display is
performed often by free-ranging cowbirds.
Rothstein (1977, 1980) previously reported
cowbirds displaying in this context; observa-
tions during this study support the context and
provide additional details.

Incorporating those aspects of hypotheses 1-
4 that were not rejected, we propose a consol-
idated hypothesis for the function of the head-
down display as follows:

The head-down display is an appeasing, ag-
onistic behavior that reduces agonistic be-
haviors of the recipient toward the display-
ing cowbird. The displayor is generally
dominant to the recipient, and preening is a
stimulus for subsequent displaying by the
preened cowbird. The display functions in:
(a) obtaining food, (b) minimizing roosting
energetics, and/or (c) establishing flock or-
der.

For the display recipient, preening could be
a “conflict behavior performed” toward cow-
birds who have violated the recipient’s indi-
vidual distance (Rothstein 1971, 1980). For
cowbirds, preening appears to be important to
the display’s appeasement function. Pennsyl-
vania cowbirds that had just been preened dis-
played more often than those that had not been
preened (P < 0.001). Moreover, cowbirds may
display toward female Red-wings or House
Sparrows most often, because the probability
of being preened is greatest with those birds.
Field observations during this study suggest
that preening is a positive response to the dis-
playor that might signal that the agonistic ten-
dencies of the recipient have been reduced. In
this way, the displayor may be assessing ag-
onistic tendencies, as Rothstein (1980) has pro-
posed.

The hypothesized display functions are
speculative. Although we will discuss them
separately, they are not necessarily mutually
exclusive and may or may not operate in con-
cert.

Selander and La Rue (1961) were the first to
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speculate briefly about the feeding and roost-
ing functions of the head-down display. Join-
ing a foraging group may be advantageous for
a cowbird in obtaining food (Ricklefs 1973: 226).
The head-down display may facilitate a cow-
bird’s joining a foraging group by appeasing
flock members or by helping to assess agonistic
tendencies of flock members. In addition, the
display may help a cowbird position itself in
roosting trees where overnight energy expen-
diture for thermoregulation would be mini-
mized. Lustick and Kelty (1979) have shown
that location in roosting trees affects thermo-
regulation by Starlings and blackbirds. In a
study of a winter roost in Texas (Johnson et al.
1980), researchers found that cowbird mortality
was positively associated with freezing tem-
peratures and ““depletion of winter food sup-
plies.” Because feeding and roosting are often
flock activities for cowbirds (pers. obs.), the
display may placate other bird species with
whom cowbirds flock, thereby facilitating the
cowbirds’ inclusion in the flock.

Rothstein (1980) suggested the flock-order
function for the head-down display. It has long
been known that disorganization of bird flocks
can result in negative effects on individuals
within the flock (Guhl and Alee 1944). Social
disorganization could occur, especially when
cowbirds are first captured and placed in a cage
with unfamiliar individuals, because the birds
are unnaturally overcrowded in their cage (Em-
len 1950). Rothstein (1977) has stated that for
captive cowbirds the number of intra- and in-
terspecific displays decreased rapidly after birds
had been maintained in intact groups for 2-5
months. Perhaps the display is observed less
often among birds that have been together for
a long time because social order has been es-
tablished and group agonistic interactions have,
therefore, become less frequent. In this captive
setting, an appeasement display could benefit
a dominant bird by reducing agonisitic behav-
iors from conspecifics and allowing more time
for behaviors that are more productive than
fighting (like feeding), by allowing males to
remain close to females, or by providing cow-
birds with an assessement of the agonistic ten-
dencies of other flock members (Rothstein 1980).

The flock-order function of the display for
free-ranging birds may operate as follows. Free-
ranging cowbirds might display most often in-
terspecifically toward species with whom they
flock because interspecific flocking is impor-
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tant to their survival (e.g. for food gathering,
roosting-site location, or predator avoidance)
and the head-down display reduces the dis-
organizing effects of a cowbird joining a mixed-
species flock. Because interspecific relation-
ships are more fragile and more easily broken
off than intraspecific ones (Scott 1975), the dis-
play may have evolved into a behavior that
fosters important interspecific relationships.

To the best of our knowledge it is not known
whether or not particular free-ranging cow-
birds display most often or whether or not those
birds are intraspecifically dominant, a trend that
has been observed among captive cowbirds
(Table 3). If this trend were verified for free-
ranging cowbirds, our hypothesis would pre-
dict that dominant, free-ranging birds display
most often because the display allows them to
remain close to birds with which they flock,
which in turn leads them to feeding or roosting
sites, helps in avoiding predators, and/or pro-
vides assessment of the agonistic tendencies of
flock members.
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Cardinalis cardinalis, with emphasis on the function
of singing by females; Nicholas L. Rodenhouse, In-
dividual and regional variability in the foraging be-
havior of forest passerines; Stephen R. Sabo, Mixed-
species flocks of Hawaiian honeycreepers; Bette ].
Schardien, Behavioral ecology of a southern popula-
tion of Killdeer; Debra H. Schlenoff, The “‘startle”
response of wild-caught birds to artificial prey; Hel-
mut Sick, Study of specimens in the American Mu-
seum of Natural History and identification of birds
from Brazil; Thomas Allen Stevens, Food hoarding
by Great Grey and Lesser Grey Shrikes, Lanius excu-
bior and L. minor, a quantitative and experimental
study; Stuart D. Strahl, Ecological correlates of the
social system and foraging behavior of the hoatzin
(Opiathocomus hoazin) in Venezuela; Scott B. Terrill,

Potential effects of food abundance and social envi-
ronment on migratory distance in Dark-eyed Juncos
(Junco hyemalis hyemalis); Kimberly Titus, Nest-site
habitat selection patterns of woodland hawks in three
temperate forest regions; Jill M. Trainer, Song dia-
lects, communication, and social organization in
Chestnut-headed Oropendolas (Zarhynchus wagleri)
and Yellow-rumped Caciques (Cacicus cela); Peter B.
Turchin, Determination of paternity in a polyandrous
bird, Jacana spinosa; Katherine A. Voss-Roberts, Pa-
rental attentiveness and embryonic tolerance of
thermal stress in Yellow-headed Blackbirds (Xantho-
cephalus xanthocephalus); Thomas C. Will, Behavioral
ecology of species replacement: Blue-winged and
Golden-winged warblers in Michigan; Pamela L. Wil-
liams, Comparison of colonial and non-colonial nest-
ing by northern orioles in central coastal California;
Kathy A. Winnett-Murray, Behavioral ecology of four
Central American wrens; Barbara L. Woods, Mate-
guarding and female reproductive synchrony in Barn
and Cliff swallows; David A. Yokel, Mating system
of the Brown-headed Cowbird in two different en-
vironments; Robert M. Zink, Allozymic correlates
of dominance behavior in Dark-eyed Juncos: a reap-
praisal.

Correction to 1981 list: MarthLeah Chaiken re-
ceived a grant for research on the functions and
development of variability in some calls of the
European Starling (Sturnus vulgaris).



TIME AND ENERGY BUDGETS OF THE
MOCKINGBIRD (MIMUS POLYGLOTTOS)
DURING THE BREEDING SEASON

DoucLas W. BIEDENWEG!
Department of Zoology, University of California at Davis, Davis, California 92065 USA

ABSTRACT.—A time and energy budget of male and female Mockingbirds (Mimus poly-
glottos) in six phases of their breeding cycle was completed using the equivalent temperature
model to predict perching metabolic rates. Recorded time-budget behaviors included perch-
ing, bipedal locomotion, flight, and the time spent in the sun and shade. Over the total
study period, males and females spent an average of 92.3% and 92.8% of their active day
perched, 2.4% and 1.6% in bipedal locomotion, and 5.3% and 5.6% in flight, respectively.
BMR plus thermostatic requirements averaged, seasonally, 78.1% of DEE,, in males and
76.1% in females. The choice of shaded or exposed microhabitats made very little difference
in energy expenditure. DEE,, varied from 96.9 k] in males with incubating females to 113.0
k] in males caring for fledglings, and from 75.1 k] in incubating females to 113.2 k] in females
caring for fledglings. Unmated, pre-nest-building, and incubating birds spent significantly
less energy than did birds caring for nestlings (P < 0.05) or birds caring for fledglings (P <
0.05). With the exception of the nest-building phase, when females are producing eggs, and
the incubation phase, when females gain insulation from the nest, male and female DEE,,,
closely paralleled each other throughout the season. The large amount of predation that
occurred at the study site suggests that birds may allocate time to perching to minimize the
probability of predation on themselves or their offspring. Received 26 February 1982, accepted

4 QOctober 1982.

A VIABLE approach to ecological and evolu-
tionary problems is available through the use
of time- and energy-budget analysis. Because
time and energy are resources common to all
organisms, this approach can serve both to
quantify the diversity of interactions between
an organism and its environment (a functional
problem) and to decipher evolutionary trends
and their causes (Porter and Gates 1969, King
1974). This is the key to the vitality of the ap-
proach: functional and evolutionary problems
can be addressed simultaneously (Mayr 1961).
As more comparative time and energy data are
gathered and analyzed, ecological and phylo-
genetic correlates of life history elements (e.g.
energy invested per egg, energy invested in
offspring, time and energy devoted to off-
spring by males and females) will emerge, in-
creasing our power to discriminate ecological
problems and the modes in which natural se-
lection attempts to solve them. But this is not
all that the technique does for us. When we

! Present address: Department of Zoology, Wash-
ington State University, Pullman, Washington 99164
USA.
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enter the Hutchinsonian “ecological theater”
(Hutchinson 1965) armed with time and energy
concepts, we come out with a more thorough
understanding of the proximal elements link-
ing organisms to their environments. We be-
come sensitive to the energetic patchiness of
an organism’s environment and may visualize
it as a series of microhabitats in which biolog-
ical and physical factors interact to determine
whether an organism experiences net energy
gains or losses. We are granted a clearer un-
derstanding of the reasons for the distribution
of organisms within habitats.

The habits of the Mockingbird (Mimus poly-
glottos) make it an ideal species of which to
analyze time and energy budgets. Individuals
nest in semi-open habitats, which facilitates
behavioral observations; they are highly ter-
ritorial; and their home ranges are sufficiently
small that they can be covered rapidly by a
person on foot. In this report I present time
and energy budgets for Mockingbirds during
a single breeding season in Davis, California.
The major goals were to discern the dynamics
of time and energy expenditure of males and
females throughout the reproductive cycle, to
investigate the role that microhabitat selection
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plays in determining energy expenditure, and
to compare the time budgets of this Mocking-
bird population with those collected by Utter
(1971) on Mockingbirds in New Jersey.

MEeTHODS

The activity patterns of Mockingbirds were stud-
ied in riparian and urban habitats near the veteri-
nary medical complex of the University of California
at Davis, Yolo County, California. The study lasted
from 2 February 1978 to 6 June 1978. The habitat of
most birds consisted of fallow fields with patches of
asphalt parking lots and expanses of lawn. Oaks
(Quercus ilex and/or Quercus agrifolia) were scattered
over most birds’ home ranges. Pyracanthaberry (Pyr-
acantha sp.) was commonly available, and its fruits
were used by birds in all phases of the breeding
cycle.

Five Mockingbirds were mist-netted, weighed, and
color-banded in January 1978. The sexes of the birds
were determined by subsequent observations of be-
havior (singing, displays, etc.). The mean weight of
the birds was 54.8 g (range, 48.9-59.3 g). The only
positively identified female in the sample also
weighed 54.8 g, so I assume that there is no weight
dimorphism.

The duration of three types of activities and the
time spent in the sun and in the shade were quan-
tified using a panel of four stopwatches. Data were
primarily recorded in hourly periods. At the end of
each hourly period, air temperature and the per-
centage of cloud cover were recorded, and wind-
speeds were measured in the sun and shade in mi-
crohabitats similar to the ones that the bird had
occupied. Windspeed was measured with a Ther-
monetics series 100 hot wire anemometer. Data on
total short-wave radiation per hour were obtained
from the meteorological station at the University of
California at Davis, located 400 m from the study
site.

Activity categories included perching, flying, and
bipedal locomotion. Bipedal locomotion (BPM) was
restricted to the actual moments when locomotion
occurred. The BPM category does not represent time
spent foraging. The open habitat allowed me to mon-
itor the birds’ behaviors continuously. In the rare
instances that birds were lost during observation pe-
riods, the data for that period were excluded unless
visual contact was regained in less than 2 min.

The birds’ seasonal cycle was divided into six data-
collection phases: unmated, pre-nest-building, nest-
building, incubation, nestling care, and fledgling care.
Data were collected throughout the day and several
times at night. Male and female power-consumption
data were pooled in each phase for statistical anal-
ysis.

Home ranges were estimated from behavioral ob-
servations several times during the study. Home
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ranges were traced on scale photographs (1" = 100")
obtained from the Department of Architects and En-
gineers at the University of California at Davis. Areas
were then calculated from these photographs.

CALCULATION OF ENERGY EXPENDITURE

An energy budget for an animal under steady-state
conditions with its environment, where conduction
is not important, can be written

MR — AE = [PCp/(Vh + re)](Tb - Te) (1)

where MR is metabolic rate (W-m™2), AE is latent
heat loss (W-m™), r, is whole-body thermal resis-
tance (s-m™), 7, is equivalent resistance, T, is body
temperature (°C), T, is equivalent temperature, and
the product of the density (p) and the specific heat
of air (¢,) is a constant (1,200 J-m~*-K~! at 20°C) (Ma-
honey 1976, Campbell 1977). This equation was used
to predict the metabolic rates of perching Mocking-
birds during their activity phase whenever environ-
mental conditions were such that MR exceeded the
metabolic rate predicted by the Aschoff and Pohl
(1970) (A/P) diurnal equation for passerines, multi-
plied by a factor of 1.2 [the factor 1.2 corrects for
illumination under diurnal conditions (Mahoney and
King 1977)]. Such conditions existed when 35°C =
T, = 14°C.

To compute a metabolic rate with equation 1, it is
necessary to measure or calculate values for several
bird and environmental parameters. Environmental
parameters include short-wave (SW) radiation, long-
wave (LW) radiation, windspeed, and ambient tem-
perature. A bird’s SW radiation environment was
determined from measured values of total SW radia-
tion using the technique of Campbell (1977: table 5.1,
equations 5.7 and 5.8; 1981: equations 1.5, 1.6, 1.9).
The LW radiation environment was calculated from
equation 11 in Unsworth and Monteith (1975) and
equation 5.13 in Campbell (1977). Bird parameters
incorporated in equation 1 include the characteristic
dimension (d), the SW absorptivities of the back and
belly, the amount of area exposed to different types
of SW radiation, various resistances to heat transfer,
and evaporative water loss. The characteristic di-
mension was measured, and the absorptivities of the
birds’ backs and bellies (0.6 and 0.51, respectively)
were estimated by comparing Mockingbird plumage
to bird plumages that were similarly colored and the
absorptivities of which were known. The ratio of the
area exposed to perpendicular SW radiation over the
total area of the bird was estimated as 0.21 (Mugaas
1976). It was also assumed that the upper half of the
bird’s total area was exposed to scattered SW radia-
tion, while the lower half was exposed to reflected
SW radiation (Mahoney 1976). Maximum total resis-
tance was calculated from r, = 283m°%?!, where m is
the bird’s mass (g) (Robinson et al. 1976). The max-



January 1983]

imum value that 7, could attain was 158 s-m™! or 24%
of the maximum total resistance (Mahoney and King
1977). Maximum body resistance, r, max, during the
day was calculated to equal 423 s-m™! by equations
given in Robinson et al. (1976). Using this value as
a peak for r, and the shape of Fig. 2 in Mahoney and
King (1977), 1 derived body resistances at other
equivalent temperatures. Evaporative water loss (E)
was calculated from data from the Pyrrhuloxia (Car-
dinalis sinuatus) and the Northern Cardinal (C. car-
dinalis) (Hinds and Calder 1973). They give an equa-
tion for water loss between 20°C and 32.5°C: E(gf
day)= 0.48m°>*, where m is body mass (g). This
equation was used to calculate evaporative water loss
in the range of 20°C-32.5°C. Below 20°C, the graph
was drawn to 0.5% body mass evaporated per hour
at 13° C (in accordance with their data) and then was
further extrapolated to 7° C, the lowest T, that oc-
curred during my study. At 45°C the data of Hinds
and Calder give unreasonably low results for a Mock-
ingbird’s total metabolic rate. For this reason, I as-
sumed that evaporative water loss is equivalent to
metabolic heat production at an equivalent temper-
ature equal to the birds’ body temperature (42°C),
and I set both equal to 105 W-m™2 at this tempera-
ture. For equivalent temperatures greater than 35°C,
this approximation yields the following equation: E
(W-m™?) = 10.2 T,(°C) — 324.2.

Calculation of hourly metabolic rates.—Two equiv-
alent temperatures were determined for each obser-
vation period: one for conditions of full sunlight and
one for conditions in the shade. A metabolic rate was
determined for each equivalent temperature. The
metabolic rate was then recalculated to represent the
proportion of each hour spent in the sun and shade.

The costs of bipedal locomotion and flight were
considered to be independent of environmental con-
ditions. The cost of bipedal locomotion (BPM) was
assumed to be 1.5 times the cost of perching in the
thermal neutral zone, and the cost of flight was cal-
culated as equal to 9.4 times the metabolic rate cal-
culated from the Aschoff and Pohl (1970) equation
for passerines resting at night (Hart and Berger 1972).

The final cost of an hourly period for a nonrepro-
ducing bird was the sum of the cost of each behavior
(Jrm™*-h™"), times the fraction of the hour spent in
that behavior, multiplied by the surface area of the
bird (m?®). Plumage surface areas were determined
from SA = 7.81(m)*%" (Walsberg and King 1978a),
where m is bird mass (g) and SA is surface area (cm?).

Nighttime energy expenditure.—Hourly nighttime
energy expenditure in the thermal neutral zone (TNZ)
(22.5-35°C) was calculated from 114.8 M* ™% (M in kg)
(Aschoff and Pohl 1970). The range of environmental
temperatures that delimits the TNZ was calculated
for the lower critical temperature from T, = T, —
6.98m°2%, where m is mass (g) (Calder and King 1974).
The upper critical temperature was assumed to equal
35°C. Because no windspeed or LW radiation data
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were collected at night, when temperatures dropped
below the TNZ, Kendeigh's (1969) equation, H (kcals/
day) = 4.769m"*'7 [where m is mass (g)], was used
to calculate a metabolic rate at 0°C, and metabolism
was computed based on the assumption that it de-
creases linearly as temperature increases from 0 to
22.5°C. A single temperature (the mean nighttime
temperature) was used to calculate hourly energy ex-
penditure.

Incubating birds.—The modeling procedure for in-
cubating birds was the same as for nonincubating
birds except for periods when birds were on the nest.
Because birds nested in heavy vegetation where little
or no light penetrated, SW radiation fell to 0 W-m™
under these conditions. The model assumed that 10%
of the incubating bird’s surface area was covered by
the brood patch, that 40% of its surface was exposed,
and that 50% of its surface area was in the nest (ex-
cluding the brood patch). The resistance for a 1.9-
cm-wide egg (Bent 1948) was set at 41.9 s'm™; the
brood patch resistance was set equal to 45 s'm™;
body resistance was approximated as 423 s-m™" (max.
night); and nest resistance was set equal to 300 s-
m~! (values estimated in the manner of Walsberg and
King 1978b). The characteristic dimension for the nest
with the bird was approximated as 15 cm. All other
facets of this model were similar to the analysis by
Walsberg and King (1978b). In this phase of the cycle,
the calculated metabolic rates for birds on the nest
during the day were compared to the Aschoff and
Pohl (1970) resting equation. If predicted metabolic
rates on the nest during the day dropped below this
value, they were set equal to it. During the night,
incubating birds’ metabolic rates were set equal to
82% of a nonincubating bird’s metabolic rate under
similar temperature conditions (Walsberg and King
1978b).

Egg formation.—Egg formation was assumed to take
5 days, and the cost of forming 1 g of egg, at an
efficiency of 70%, was estimated as 6.28 k] (King
1973). Because a single Mockingbird egg weighs 3.75-
4.25 g (Hanna 1924), a total cost of 25.1 k] per egg
was assumed. Because clutch size near Davis ranged
from 3 to 4 eggs (n = 8), the total costs to form 3 eggs
in 7 days and 4 eggs in 8 days were both calculated.
I chose the mean of these two values, 468 J-h™!, to
add to the hourly expenditure of egg-producing fe-
males. Nest-building females were the only group of
birds to have this cost of production added to hourly
expenditure.

Converting hourly data to daily energy expenditure.—
To convert energy expenditure per hour to daily en-
ergy expenditure (DEE,,), a mean value of hourly
expenditure was calculated for each bird in that par-
ticular phase, and then a mean of these means was
calculated. This value was used for a bird during
waking hours (from 15 min before civil twilight in
the morning to 15 min after civil twilight in the eve-
ning). DEE,, includes the costs of basal metabolism,
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TaBLE 1. Sensitivity of DEE,, to errors in model
parameters at T, = 10°C, T, = 12°C.?

Radiation (W-m™%) and wind-

d el
Variable and speed (ms™)

% change 50, 0.5 880,0.5 50,5 880,5
Mass

+10% +5%°¢ +5% +5% +5%

—-10% —5% —5% 5% —5%
Perching®

+25% +21% +21% +21% +21%

—-25% —21% -21% —21% -21%
Flighte

+25% +4% +4% +4% +4%

—25% —4% —4% —-4% —4%
Surface area

+25% +7% +2% +8% +8%

—-25% —6% —5% -9% —6%
"y

+25% ~2% —-1% -=-5% —2%

—25% +9% +2% +11% +11%
Night metabolism

+10% +4% +4% +4% +4%

-10% —4% —-4% —4% —4%

# Values given are the percentage increase or decrease in DEE,,, due
to the change in the parameter indicated, under the total short-wave
radiation and windspead conditions specified.

? Other variables tested and their deviations included T, + 1°C; T,
+ 10°C; T, % 2°C; albedo, A,/A,, AylA,, d, E, r,, and the cost of BPM,
all varied by 25%; and back and belly absorptivities + 10%. All vari-
ations led to less than a 2% change in DEE,,,.

¢ The standard DEE,,’s for the conditions of total short-wave radia-
tion and wind given are 50, 0.5: 108.2 kJ; 880, 0.5: 107.1 kJ; 50, 5: 112.3
KJ; and 880, 5: 108.8 KJ.

4 Costs include BMR plus TR and encompass the total 24-h period.

¢ Costs include BMR.

thermoregulation, production, and activity. DEE,,
values could be in error if there were trends in en-
ergy expenditure throughout the activity period, but
no daily trends were apparent when the data were
analyzed separately in four activity periods: before
0900, 0900-1200, 1200-1700, and after 1700.

SENSITIVITY ANALYSIS

Because it was necessary to estimate many param-
eters in the DEE model, the effects on outcomes of
the model were analyzed by varying each parameter
by 10-25%. These sensitivity analyses were run un-
der four conditions of radiation and wind, and at
three different combinations of air and ground tem-
peratures (Tables 1, 2). The DEE values produced by
the model were compared to a matching standard,
which had identical SW radiation and windspeed
values. Because the model used to calculate DEE var-
ied with environmental conditions (i.e. the meta-
bolic rate calculated from the Aschoff and Pohl equa-
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TaBLE 2. Sensitivity of DEE,, to errors in model
parameters at T, = 25°C, T, = 27°Cand T, = 30°C,
T, = 32°C.2

Per-
centage
Esti- deviation
mated from
Variable® and DEE,, original
percentage change (kJ-h™") estimate
Mass + 10%* 117.2 + 6%
Perching cost + 25%° 1243  +13%
Flight cost + 25%° 115.9 +5%
Surface area + 25% 116.4 +5%
Nighttime metabolism + 10% 113.6 +3%

# Under all radiation (W-m™?) and windspeed (m-s~') conditions
specified, the results were identical.

P Variables tested were identical to those at T, = 10°C. All other
variables led to less than a 2% change in DEE,,.

¢ Changes in the minus direction mirrored changes in the positive
direction for all variables in the table.

4 The standard DEE,,, under all conditions of radiation and wind is
110.4 kJ.

¢ Costs include BMR.

tion multiplied by 1.2 was compared to that produced
by the T, model, and the higher value was used in
calculating a perching metabolic rate), some outputs
were asymmetrical in the analyses (e.g. 7, and sur-
face area at T, = 10; T, = 12°C). The percentage that
input parameters were varied represents probable
maximal errors in these values.

For nonincubating birds at T, = 10, 25, and 30°C,
the model is most sensitive to changes in the values
of the cost of perching, the mass of the bird, the
surface area of the bird, and the cost of flight. At
T, = 10°C, the model is also highly sensitive to
changes in body resistance. Variation of other vari-
ables, to the degree indicated in Table 1, led to less
than a 2% change in DEE,, under all conditions
specified.

Errors in the cost of perching can have a large im-
pact on DEE due to the large fraction of time occu-
pied by this activity (Ettinger and King 1980). A 25%
error in the value of perching metabolic rate at T, =
25 or 30°C leads to a 13% change in DEE,,, under all
radiation and wind conditions, while at T, = 10°C a
similar error leads to a 21% error in DEE,,,. A 10%
change in mass with T, = 25 or 30°C caused a 6%
increase in DEE,,, while for T, = 10°C the increases
and decreases were 5%. Errors in DEE,, resulting
from 25% errors in surface-area approximations pro-
duced a change in DEE,,, = 9% (Tables 1, 2). Flight
occupied a small percentage of the day but was an
energetically expensive behavior. A 25% change in
the cost of flight caused a 5% change in DEE,,, at 25
and 30°C and a 4% change in DEE,,, at T, = 10°C. A
25% decrease in 7, at 10°C caused an 11% increase
in DEE,, at high windspeeds and a 9% increase in
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DEE,, under low windspeeds and low radiation. r,
was utilized only when T.’s were below 14°C, and
this occurred commonly only during the unmated and
pre-nest-building phases (less than 7% of all other
phases combined had unshaded T.’s below 14°C).
Therefore, these are the only phases of the study that
could be much affected by errors in 7.

The major value of such sensitivity analyses is to
indicate which variables need to be measured with
the greatest accuracy under specified environmental
conditions. To set confidence limits on model out-
puts of DEE,,, when all errors are combined is more
difficult. The probability of all errors being simul-
taneously additive is scant, however (some will can-
cel others of opposite sign), so a probable 95% con-
fidence limit should lie in the range of £5% of the
DEE predicted by the model.

REesuLTs AND DiscussioN
BasarL AND THERMOSTATIC EXPENDITURE

The percentage of the total daily energy ex-
penditure devoted to basal and thermostatic
requirements (BMR and TR, respectively)
ranged from 67%, in females caring for fledg-
lings, to 86%, in incubating females. BMR plus
TR averages, seasonally, 78.1% of DEE,; in
males and 76.1% in females. Only 12% (range
5.5-19%) of DEE,, is consumed by thermoreg-
ulation in males and 9.6% (range 5.5-15.3%)
by thermoregulation in females. Approximate-
ly 99% of the thermoregulatory costs accrued
at night, as daytime temperatures rarely fell
below 14°C. A comparison of these data on the
percentage of power consumption due to BMR
plus TR with extant data shows my values to
be the highest yet known. Kendeigh's range of
estimates for House Sparrow (Passer domesti-
cus) (67-80%) BMR plus TR comes closest to
the Mockingbird values (Kendeigh 1972).

The large fraction of DEE,,; accounted for by
basal and thermoregulatory power consump-
tion in this model, relative to previous models,
probably stems primarily from the limits of our
knowledge on the energetic costs of behaviors.
This model assumes that, under a given set of
environmental conditions, all daytime activi-
ties in nonincubating birds, other than bipedal
locomotion and flight, cost a constant amount.
Previous models (e.g. Mugaas 1976, Walsberg
1978, Ettinger and King 1980) have assumed
that nonflight activities (e.g. perching, sing-
ing, foraging) other than BPM are more costly,
which decreases the fraction of DEE,, due to
BMR plus TR.
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In general, energy devoted to maintenance
was obligatory, but, when ambient tempera-
ture was below 14°C, birds could modify this
expenditure through the differential utilization
of microhabitats. T,’s below 14°C occurred
during 26 of 40 sampling bouts involving non-
mated males, in 7 out of 29 bouts with males
in the pre-nest-building phase, and in 4 out of
28 bouts dealing with pre-nest-building fe-
males.

To investigate the role that microhabitat
choice played in determining TR requirements
during each of these phases, I determined the
mean fraction of time spent in the shade and
sun for each phase during periods when T,
was less than 14°C. A metabolic rate for each
bird in the sun and in the shade for each of
these hourly periods was then calculated. The
lower of these two values was used to deter-
mine a minimum rate of energy expenditure,
and this was compared to the actual rate of
energy expenditure the bird experienced. An
average value of potential energy savings was
then obtained for each phase. Unmated and
pre-nest-building males could have saved 119.2
and 53.7 J-day™, respectively, by utilizing the
physical environment in such a way as to
minimize energy expenditure, while pre-nest-
building females could have saved 1,110
J-day .

The ecological significance of these potential
energy savings can be investigated by con-
verting these energy equivalents into food re-
sources. Pyracantha berries were commonly
utilized on many territories during these phas-
es and have a mean energy content of 1.24 kJ-
berry ! (n = 2;x = 18.4K]-g ™!, s = 0.20). Thus,
under these environmental circumstances mi-
crohabitat choice for energy savings is of little
importance. Nevertheless, the insights into the
within-habitat distribution of endotherms
gained by breaking the climate space of Porter
and Gates (1969) into compartments corre-
sponding to regions within the thermoneutral
zone and outside the thermoneutral zone are
potentially great, as a similar approach (that of
measuring functional-response rates for a wide
variety of traits at different temperatures, iden-
tifying peak response temperatures for each
trait, and searching for temperatures that max-
imize the number of traits whose peaks over-
lap) has proven to be for ectotherms (Brett 1971,
Huey and Stevenson 1979).



154 DoucLas W. BIEDENWEG [Auk, Vol. 100

VARIATIONS OF ACTIVITY AND DEE BETWEEN
AND WITHIN REPRODUCTIVE PHASES
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TaBLE 4. Calculation of mean DEE,,, for each phase of the study.

Night-

Daytime Day time Night

expendi- hours expendi- hours

ture avail- ture avail-
Date Phase of cycle J-h™ able J-h™ able DEE,,,
10 February Unmated 4,422 12.0 3,930" 12.0 100.2
15 April Pre-nest-building (&) 4,594 14.6 3,532 9.4 100.2
15 April Pre-nest-building (%) 4,364 14.6 3,532 9.4 96.9
1 May Nestbuilding (J) 4,652 15.2 3,142 8.8 98.4
1 May Nestbuilding (%) 5,131¢ 15.2 3,610¢ 8.8 109.8
5 May Incubation (3) 4,381 15.3 3,434 8.7 96.9
5 May Incubation (9) 3,307 15.3 2,816 8.7 75.1
21 May Nestlings (J3) 5,149 15.8 3,142 8.2 107.2
21 May Nestlings (?) 5,138 15.8 3,142 8.2 107.0
24 May Fledglings (3) 5,356 15.9 3,434 8.1 113.0
12 May* Fledglings (?) 5,538 15.6 3,284 8.4 113.2

@ Activity begins 15 min before civil twilight in the morning and ends 15 min after civil twilight in the evening.
" Nighttime temperatures were as follows: 10 February, 5.5°C; 15 April, 10.0°C; 1 and 21 May, 14.4°C; 5 and 24 May, 11.1°C; 12 May, 12.8°C.

¢ Includes 468 J-h™! production.

4 Female data collected for this phase were centered around 12 May; male data around 24 May.

collecting twigs. He contributed 4-6 twigs per
hour, compared to the female’s range of 0-1
twigs per hour. Females increased power con-
sumption substantially during this phase due
to egg formation (Table 3). Except for this ex-
pense, the female’s time and energy budget was
essentially identical to the male’s.

Incubation phase.—Incubation lasted approx-
imately 13 days in the one nest observed in
detail. Similarly, Laskey (1962) found incuba-
tion periods from 12 to 12.5 days in 18 nests.
Male Mockingbirds neither incubated nor fed
the female at the nest. Both male and female
power consumption reached a seasonal low
during the incubation phase (Table 3). Females
actually flew for a slightly greater percentage
of time in this phase than they did in the pre-
nest-building phase, but increasing tempera-
tures, combined with the large amount of time
spent on the well-insulated nest (mean for ac-
tive portion of the day = 78.2%), led to an
overall decline in DEE,,,;. This decline is in ac-
cordance with the theory of Walsberg and King
(1978b) that the incubation phase is a period
of reduced power consumption because of shifts
within the entire time/energy budget.

Birds with nestlings.—The nestling period lasts
12 days. All nests contained two young. Av-
erage male and female time/energy budgets
during this phase were virtually identical (Ta-
ble 3). Males and females substantially in-
creased the percentage of the active day spent
in flight. Males devoted a greater percentage

of their flight time to predator defense, how-
ever, while females generally used flight as a
means to reach a broader range of foraging
habitats.

The ranges in the mean values of daytime
energy expenditure were large for both males
and females (4.0-8.2 kJ-h ' and 3.9-7.9 k]-h7?,
respectively). Males varied greatly in the
amount of time devoted to feeding offspring
and predator defense. Observations of male 1
suggest that he fed nestlings more frequently
(4 times in 1 h) than did male 3 (who fed nest-
lings but 7 times in 18 h of observation). Male
3 spent a large amount of energy fending off
potential predators. He attacked crows, (Cor-
vus brachyrhynchos), American Kestrels (Falco
sparverius), dogs, and a Northern Harrier (Cir-
cus cyaneus) during the observation periods.
The variation in female values was caused by
differences in foraging ranges. Female 2 uti-
lized a large home range and spent a mean of
11.2% of her active day in flight, whereas fe-
male 1 spent a mean of only 3.9% of her active
day in flight while utilizing a smaller home
range. For females, an increase of time in flight
did not reflect a greater number of feedings at
the nest. Female 1 fed her young 6 times in 1
h. Female 2 fed her young in 11 of 12 h of
observation, with a mean of 3.6 items (fruits
or insects). Females apparently feed young at
greater rates than males during the nestling
phase (this study, Utter 1971).

Fledgling phase.—Only pair 1 raised an off-
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TaBLE 5. Home-range sizes.
Bird Phase of cycle Date(s) Area (ha)
Male 1 Pre-nest-building,
nest-building, nestlings 8 February-11 April 0.58

Pre-nest-building 12 April 1.63
Fledglings 10 May 1.66%
Fledglings 26 May 1.33

Male 2 Pre-nest-building 21 April 1.96
Nestlings 20 May-26 May 2.92
Nestlings 27 May 5.28
Nestlings 3 June 7.06

Male 3 Pre-nest-building 22 April 4.73
Nestlings 22 May-26 May 7.76
Pre-nest-building 27 May 11.00

Male 4 Unmated 18 February—19 February 0.42

Male 5 Unmated 3 February—7 February 0.11

# Also includes a 415-m flypath to a small grove of trees.

spring that survived. This bird left the nest on
10 May and was still being fed by the parents
when the study was terminated on 16 June.

Males and females reached peaks in seasonal
values of DEE,,, and DEE,., during this phase
(Table 3). The relatively long active daylengths
and the increase in the percentage of the active
day devoted to flight combined to produce this
effect (Tables 3, 4). Both males and females fed
the young. The male of pair 1 fed the young
very little early in the phase (1 time in 7 h).
During the same time span, the female fed the
two offspring a mean of 6.1 fruits or insects per
period (n = 18). Ten days after nest departure,
the male bird started constructing another nest
and simultaneously slowly began to take over
the feeding of the fledged offspring. By the time
incubation was initiated by the female, the male
had taken over the feeding of the fledgling
completely, providing a mean of 6.5 fruits or
insects per hour (n = 9).

INTERPHASIC COMPARISONS AND TRENDS

Unmated and incubating birds spent signif-
icantly less energy than birds caring for nest-
lings (P < 0.05) or birds caring for fledglings
(P < 0.01) (t-test, Steele and Torrie 1960). In-
cubating birds also spent significantly less en-
ergy than pre-nest-building birds (P < 0.05).
Pre-nest-building birds spent significantly less
energy than either birds caring for nestlings
(P < 0.05) or birds caring for fledglings (P <
0.05). No statistical tests were attempted on
nest-building birds because of the small sam-

ple sizes. Statistical comparisons of DEE
yielded similar results.

The pattern of interphasic variation in DEE,,,
almost certainly does not reflect an ultimate
pattern of time and energy expenditure evolved
by these birds. More likely, it is produced by
variations in a particular set of proximal factors
in the birds’ environments. Major proximal
factors that have the potential of varying be-
tween phases are social structure (territory at-
tainment and defense, pair-bond formation),
daylength, the physical environment, the de-
mands of eggs or young, predator pressure, and
resource abundance.

Unmated males showed extreme territorial
aggression in January and February when
breeding territories were being obtained. Pair-
bond formation did not increase energy expen-
diture over that of territorial defense alone
(compare unmated and pre-nest-building
males; Table 4), and even the additional de-
mand of building a nest while holding a mate
and a territory did not increase the amount of
energy devoted to activity.

Increasing daylengths allow more young to
be produced, but it is the production of young
that causes the energy requirements to change,
not increases in daylength. A comparison of
BMR plus TR costs between phases shows that
the physical environment’s impact on variation
between phases was small (Table 3). The en-
ergy demands of production (eggs, then main-
tenance and growth of young) increase as the
phases progress (Ricklefs 1974). This causes the
total energy demands of parents and young to

act
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Total energy expenditure (DEE,,) and energy expenditure in activities above the basal and ther-

mostatic requirements (DEE,.) during the time period required to raise young to a state of free existence.
In the mid-fledgling phase, females begin a second brood, while males care for fledglings of the first

brood.
kJ-phase™
Male Female

Phase Days DEE,,, DEE .o DEE,, DEE,
Pre-nest-building 5.5 551 113 595 155¢
Nest-building 2.0 197 36 220 59
Incubation 12.0 1,163 217 901 124
Nestlings 12.0 1,286 377 1,284 378
Fledglings 37 33,13 ?¢ 4,181 1,310 1,481 478
Nestling/egg formation 7.5 — — 933 360¢
Incubation 12.0 — -— 901 124
Nestling 4.5 — — 482 142
Total, k] 7,378 2,053 6,797 1,820
Mean kj-day™ 108 30 99 27

2 In the model, egg formation occurs during the last 5.5 days of the pre-nest-building phase, so 11.2 kJ-day™! have been added to values from

Table 3 when appropriate.

increase throughout the season. Further energy
demands are elicited by the increase in the
number of potential predators, which occurred
with the start of the incubation phase and ex-
tended to the fledgling period (eggs, nestlings,
and fledglings are assumed to have higher
probabilities of being preyed upon than adults).
As adults moved into these phases their de-
votion of time and energy toward potential
predators increased (Utter 1971, this study).
Data collected show that unmated and pre-nest-
building birds ocassionally attack Scrub Jays
(Aphelocoma coerulescens), but do not attack
American Crows; nest-building and incubat-
ing birds attack jays and crows but not cats or
dogs; birds with nestlings display agonistic
behaviors toward crows, cats, dogs, and hawks;
and birds with fledglings assaulted crows, cats,
and dogs during the time that their fledglings
were alive. The extra energy demands imposed
by predators differ from the increased de-
mands due to development of young in that
they can vary from habitat to habitat or even
territory to territory.

When food abundance increases, extra en-
ergy demands do not necessarily lead to in-
creases in energy expenditure in obtaining
food. Energy expenditure did increase as the
phases progressed, however, largely as a result
of increases in flight time due to predators and
home-range expansion (Tables 3, 6). Home-
range expansion allowed birds to forage in ad-
ditional areas and suggests that food supply

and/or quality did not increase commensurate-
ly with energy demands.

A large percentage of time was devoted to
perching during all phases. This seems to be a
regular feature of avian lifestyles (Ettinger and
King 1980). At least a portion of this perching
time is not involved with foraging. Ettinger and
King (1980) have suggested that Wilson's (1975)
“principle of stringency’’ may account for the
evolution of this portion, which they have
termed the “loafing” component. In the pop-
ulation that I studied, and for passerines in
general, this is probably not the case. It is im-
probable that birds would decrease their fit-
nesses by foraging for greater periods of time
when conditions were favorable because later
they might have to contend with an unpre-
dictable event such as cold weather, rain, or
snow that would reduce the food supply. Birds
have, no doubt, evolved life-history traits in
response to this type of environmental unpre-
dictability, but a behavior such as time devot-
ed to foraging should be more proximally flex-
ible than a life-history trait (Warner 1980).
Predation pressure is probably a primary se-
lective force determining the “loafing” com-
ponent. Utter (1971) found that alert perching
by Mockingbird males reached a maximum
during the nestling phase and was at a seasonal
minimum when the birds were unmated. He
too felt that this “perching’” or “loafing” com-
ponent was ultimately determined by preda-
tion pressure. Furthermore, predation on pas-
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serine eggs and nestlings is common in many
temperate-zone species (36.2% of eggs laid are
prevented from developing into adults due to
predation; Ricklefs 1969), and it is a common
assumption, although difficult to prove, that
organisms occupied with tasks (e.g. mating,
foraging) experience higher predation rates than
those perched or sitting. In this study, the
number of times that perched birds caught sight
of predators before I did suggests that birds
that devote more time to perching are better
able to protect themselves, and their offspring,
from predation.

Between-pair comparisons suggest that vari-
ation in territorial quality can have pro-
nounced fitness effects. Pair number 1 were the
first to form a pair bond and appeared to have
the greatest resource density on their territory.
They utilized smaller home ranges, they spent
significantly less time in flight than other pairs
in the pre-nest-building (P < 0.05) and nest-
ling phases (P < 0.05) (the only phases where
sample sizes were large enough to warrant
comparisons), they appeared to make more
feeding visits to the nest per unit time, and
they were the only birds to raise an offspring
that survived after leaving the nest.

SEASONAL SUMMARY OF PARENTAL
INVESTMENT

A breeding-cycle summary indicates that
males have both a larger total power consump-
tion and a larger power consumption due to
production and activity than do females (Table
6). This is caused primarily by the extended
period of fledgling care, which elevated male
power consumption during times when fe-
males incubated.

Parental investment may be defined as “any
investment by the parent in an individual off-
spring that increases the offspring’s chance of
surviving at the cost of the parent’s ability to
invest in other offspring” (Trivers 1972). Rel-
ative parental investment plays a large role in
the evolution of mating systems and mating
behaviors. In Mockingbirds it can be divided
into five components: territorial defense, pro-
duction of eggs, incubation, protection of off-
spring, and rates of feeding offspring. Because
these components have different units (i.e.
time, energy, or risk), it is difficult to distill a
single quantitative value for parental invest-
ment made by males and females. Neverthe-
less, there are two approaches that can act as
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rough measures: (1) qualitative statements can
be made about each component and a balance
sheet drawn up, and (2) DEE,,.,, because it con-
tains all production and activity costs, can serve
as an index of parental investment.

In Mockingbirds, territorial defense is a male-
biased behavior involving primarily the de-
votion of energy resources and risk; egg pro-
duction and incubation are done totally by the
female, the former requiring energy, the latter,
time; the protection of offspring is skewed to-
ward the male and demands the use of energy
and involves risk; and the feeding of offspring
demands the use of time and energy for prey
capture and appears to be female-biased dur-
ing the nestling phase but male-biased during
the fledgling phase. This summary suggests that
there is a qualitative balance between parents
in parental investment. Males have higher
DEE,, than females over the total breeding cycle
(Table 6). Therefore, males may have a slightly
greater energetic investment in offspring than
females.

Taken together, these two measures indicate
that there is little sexual bias in parental in-
vestment (male and female investments are both
needed throughout the cycle if offspring are to
be raised), and this is a major determinant of
the overwhelmingly monogamous mating sys-
tem of Mockingbirds.

INTERPOPULATION COMPARISONS

The behavioral categories used in this study
match well only the flight category in Utter's
(1971) study of Mockingbirds. Mockingbirds
breeding in California and New Jersey spend
similar amounts of time in flight (Table 7). The
mean percentage of time that male birds in
California spent in flight during the whole cycle
was 5.5%, whereas Utter’s values for two male
populations were 7.3% and 6.0%. A compari-
son of home-range sizes shows that birds in
New Jersey had slightly larger average maximal
home ranges (7.9 and 7.6 ha in New Jersey vs.
6.5 ha in California), which may account for the
lower flight times of the California population.

A major difference between birds in New
Jersey and California is that the changes in time
spent in flight between phases do not parallel
each other. New Jersey males reached a pri-
mary peak with fledglings and a secondary peak
while females incubated. In California, flight
means peaked with nestlings, and a much
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TaBLE 7. Interpopulation comparison of percentage
of active day in flight.

Utter’s study (1971)

This Popu- Popu-

Phase of cycle study® lation1 lation 2
Unmated 3.6 6.1 3.2
Pre-nest-building 4.3 6.5 5.3
Incubation 3.9 7.4 7.8
Nestlings 8.0 6.4 5.3
Fledglings 7.8 10.1 8.3
Mean % 5.5 7.3 6.0

2 Utter used actual means, so I present actual means for comparison.

smaller percentage of time was devoted to flight
during incubation (¥ = 3.9%) than was found
in New Jersey (7.4 and 7.8%). Ecological causes
for these differences remain obscure, as Utter
gave no reasons for fluctuations in flight times
between phases.

Simpson (1978) also collected data on resting,
foraging, and flight for Mockingbirds in Mary-
land. No numerical results are presented, but
time spent resting significantly increased dur-
ing the fall and winter, while flight time sig-
nificantly increased during the nestling phase
(P < 0.05).

Hence, over a broad geographic range Mock-
ingbirds expend greater amounts of energy and
time being active in the nestling and fledgling
phases than in other portions of the breeding
cycle. If increased flight time due to nutritional
demands is mandatory, then a greater degree
of constraint is imposed on the time budget
during these phases. Partitioning the neces-
sary flight time nearly equivalently between the
male and the female (Table 3) may be a tactic
that minimizes the selective impact of this con-
straint on the pair.
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HARLAN’S HAWK
(BUTEO JAMAICENSIS HARLANI):
A VALID SUBSPECIES

Davip P. MINDELL!
Bureau of Land Management, 4700 E. 72nd Avenue, Anchorage, Alaska 99507 USA

AssTRACT.—During surveys of 19 different rivers in central and southwestern Alaska,
north of the Alaska Peninsula, all Red-tailed Hawks (Buteo jamaicensis) seen were either B.
j. harlani or harlani intergrades, demonstrating that harlani does have a breeding range
exclusive of other Red-tailed Hawk subspecies and is, therefore, a legitimate subspecies.
The range of harlani intergrades was widespread and overlapped the harlani breeding range
entirely. The findings presented suggest that the breeding range for harlani and its intergrade
forms, exclusive of other Red-tailed Hawk subspecies, is: west to Norton Sound, east to the
Alaska Range west slope, north to the tree line, and south to the Alaska Peninsula. Harlani
may have diverged morphologically from other Red-tailed Hawks by isolation in a Pleis-
tocene epoch glacial refugium, as has been suggested for other northern bird groups. The
possibility of paripatric speciation, however, must also be considered. The characteristics
of red in the tail (even small amounts) and white body plumage are discussed as likely
intergrade traits. Received 22 March 1982, accepted 23 September 1982.

OF the seven North American Red-tailed
Hawk subspecies recognized by the American
Ornithologists’ Union (1957, 1973), harlani is
the most strongly differentiated and, together
with alascensis and perhaps umbrinus, the least
well known. Extensive variation of plumage
within subspecies, combined with consider-
able subspecific breeding-range overlap and
interbreeding, complicates the application of
the rules of taxonomy.

Confusion concerning the Harlan’s Hawk
form can be traced back as far as 1829, when
no less a person than John James Audubon de-
scribed as Falco harlani (after R. Harlan a phy-
sician and naturalist) a hawk he had shot in
Louisiana and called the Black Warrior (Au-
dubon 1830: Plate LXXXVI; 1840). Despite
doubts about the eventual adult plumage of the
apparently immature type specimens painted
by Audubon (Taverner 1927), one type speci-
men in the British Museum showed the char-
acteristic Harlan’s Hawk mottled tail pattern
(Hellmayr and Conover 1949). It gradually be-
came evident that the Harlan’s Hawk was a
member of the genus Buteo and was related to
the Red-tailed Hawk, but whether it should be
considered a separate species or a subspecies
of the Red-tailed Hawk has remained in some
doubt. Another opinion was that Harlan’s

! Present address: Department of Zoology, Brig-
ham Young University, Provo, Utah 84602 USA.
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Hawk was simply a local color phase of the
Red-tailed Hawk, which did not require a sci-
entific name of its own. At Ridgway’s (1890)
suggestion, the Harlan’s Hawk was regarded
as a subspecies of the Red-tailed Hawk (A.O.U.
1895). Some, however, still considered Har-
lan’s Hawk a distinct species (Peters 1931).
Harlan’s Hawk was again considered a species
in 1957 (A.O.U. 1957) but then reassigned sub-
specific status in 1973 (A.O.U. 1973).

Because harlani interbreeds freely with
neighboring subspecies, it is clearly unaccept-
able as a species under the biological species
concept (Mayr 1969). Subspecies by definition
must possess a geographic breeding range ex-
clusive of conspecific subspecies, however, and
no such range was previously found for harlani
(Taverner 1936, Gabrielson and Lincoln 1959,
Godfrey, 1966). Taverner (1927: 8) analyzed
records in the Yukon Territory and northern
British Columbia and concluded that “If har-
lani is not racially pure here it seems hopeless
to look for racial purity in it anywhere.”

This paper presents new information from
the field showing that harlani does have a dis-
crete breeding range exclusive of other Red-
tailed Hawk subspecies, along with discussion
of causes for divergence and intergrade traits.

STUDY AREA AND METHODS

Subspecific identifications were made in the field
during June, July, and August 1979, 1980, and 1981

The Auk 100: 161-169. January 1983
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O HARLANI OR HARLANI INTERGRADES (1979,1380)
O HARLANI INTERGRADES (1981)
® HARLANI (1981)

KUSKOKWIM RIVER

YUKON RIVER

oo ) |

Fig. 1.

Study area and distribution of Red-tailed Hawk sightings in southwestern Alaska during 1979-

1981. All Red-tailed Hawks seen were either Buteo jamaicérisis harlani or B. j. harlani intergrades. Distinction
between these two groups was made during 1981 only. Surveys were conducted on all rivers shown.

in central and southwestern Alaska north of the Alas-
ka Peninsula (Fig. 1). Nineteen rivers were travelled
in the Kuskokwim, Yukon, and Unalakleet river
drainages. Rivers in the Kuskokwim drainage in-
cluded the Kuskékwim, Takotna, Tuluksak, Stony,
Selatna, Tatlawiksuk, Cheeneetnuk, Gagaryah, East
Fork George, and Oskawalik. Those west of or with-
in the Yukon River drainage included the Yukon,
North, South, Chiroskey, Old Woman, Golsovia, Ot-
ter Creek, Canyon Creek, and Stuyahok. All rivers
were in the range of boreal forest and between 60°
and 65° latitude and 154° and 162° longitude. Prin-
cipal vegetation types were spruce-hardwood forest,
consisting of white and black spruce (Picea glauca,
P. mariana), paper birch (Betula papyrifera), and bal-
sam poplar (Populus balsamifera), shrub thickets, and
moist tundra (Viereck and Little 1972). Fuller de-
scriptions of the survey rivers are found in Mindell
(1983).

During 1979 and 1980, adult Red-tailed Hawks,
which I could see well through 7 x 50 binoculars or
a 20X spotting scope, were classified as either being
or not being of the group harlani and harlani inter-
grades. No attempt was made to distinguish inter-
grades from ““pure” harlani. In 1981, Red-tailed Hawks
were classified as either harlani, harlani intergrades,
or hawks with red-colored tails (Fig. 2). [ used dorsal
views of the tail in classifying Red-tailed Hawks
whenever possible.

Red-tailed Hawks having tails with various com-
binations of white and dark-brown mottling, freck-
ling, and streaking and with less than approximately
10% red color were counted as harlani. Harlani is
characteristically dark and lacks the predominating
red color in the tail that other Red-tailed Hawk sub-
species have. Harlani frequently has a light or mot-
tled bib; it is not consistently found, however. Light
spotting on the breast, back, and wing linings is also
a good field mark, when present. Hawks with tails
having more than 10% red color but still having white
and/or brown mottling and streaking were consid-
ered harlani intergrades. Hawks with tails having less
than 10% red color but with extensive barring (n =
2) were also classed as intergrades. Intergrades
showed wide variation in the amounts of red, mot-
tling, and barring in the tail and in the amount of
light breast color. Hawks with tails of more than 85%
red color and lacking any of the distinctive harlani
mottling were classed as hawks with red-colored tails.

Three Red-tailed Hawk subspecies, with tails pre-
dominantly red in color, have apparent zones of con-
tact with harlani. Calurus frequently has a light col-
ored breast, although often washed with rufous.
Melanistic calurus individuals can be distinguished
from harlani by their red-colored tails or lack of mot-
tling and lack of light color in the tails. Kriderii could
be mistaken for a light-phase harlani intergrade, as
both may have tails with white and varying amounts
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harlani

intergrade

Fig. 2. Three forms of Red-tailed Hawk (Buteo jamaicensis) found in Alaska. The drawings are typical
representations; characteristics varied widely within each of the forms, however. Widely spaced stipplings
in the tails of the calurus (entire) and intergrade (distal half) forms denote red color.

of rufous color; however, kriderii are apt to be even
paler than light harlani intergrades. Alascensis, al-
though slightly smaller and darker, is virtually in-
distinguishable from calurus in the field (see Fried-
mann 1950 for subspecies descriptions). Red-tailed
hawks in juvenile plumage were not classified to
subspecies.

ResuLTs AND DiscussioN

Subspecies and intergrade identification.—A to-
tal of 187 sightings of adult Red-tailed Hawks
was made at a range close enough to allow sub-
specific identification in 1979-1981. All were
either harlani or harlani intergrades (Fig. 1). One
hawk had a tail about 70% red and 30% white
with mottling, and two had tails about 60% red
and 40% white with mottling. The rest had tails
that were 25% or less red. The majority showed
no discernable amounts of red. The Alaskan
breeding range found to be exclusive to Red-
tailed Hawks of the harlani subspecies ran from
Farewell at the east slope of the Alaska range,
north to Tanana and the Yukon River, west to
Norton Sound, and south to St. Marys and An-
iak.

I differentiated between individuals of ap-
parently pure harlani and partial harlani (inter-
grades) ancestry on the basis of tail plumage

in 1981, when a total of 82 Red-tailed Hawks
was seen at close range on the Yukon, Kus-
kokwim, and Stony rivers. Of these, 73 (89%)
were pure harlani and 9 (11%) were harlani in-
tergrades. Ratios of harlani to intergrades were
89% to 11%, considering the Kuskokwim River
alone (n = 52), and 90% to 10% on the Yukon
River alone (n = 19). Field observations are an
imperfect substitute for examination of pre-
served specimens. Specimens collected during
migration or winter, however, are inappro-
priate for a determination of breeding range,
and collected Alaskan breeding birds are few.
The field identifications probably provide a
conservative estimate of the frequency of oc-
currence of intergrades, because they were
based only on tail characteristics, and some
hawks with subtle intergrade characters may
have been misclassified as harlani.

Taxonomic status and breeding range.—Be-
cause harlani freely interbreeds with other Red-
tailed Hawk subspecies in zones of contact
(Taverner 1927, Lowe 1978), it cannot be a good
species. Treatment of harlani as a semispecies
(sensu Amadon 1966) would assume partial re-
productive isolation in contact zones with oth-
er subspecies. The evidence available does not
suggest this; more data on subspecific ratios
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Fig. 3.

Distribution of Red-tailed Hawk subspecies in Alaska and adjacent Canada. Locations for calurus

and alascensis are based on specimens only. Records not from the present study are from: Grinnell (1909),
Swarth (1911), Cumming (1931), Gabrielson and Lincoln (1959), Williamson et al. (1965), Kessel and Springer
(1966), White and Haugh (1969), Lowe (1978), Ritchie and Curatolo (1980), and from D. Weir, C. M. White,

S. Ambrose, and M. Amaral (pers. comm.).

within pairs in contact zones, however, are
needed. This leaves two possibilities: harlani
is either a distinct subspecies of the Red-tailed
Hawk or a color phase of another subspecies,
either calurus or kriderii (Mayr 1942: 150).

Two factors made the possibility of harlani
being a color morph of kriderii initially attrac-
tive. Harlani and kriderii share the morpholog-
ical character of often having large amounts of
white in the tail, a trait unique among Red-
tailed Hawks. Harlani and kriderii overlap in
the location of core wintering areas on the Great
Plains of the south-central United States. Dur-
ing migration, harlani passes over the breeding
range of kriderii in southern west-central Can-
ada and adjacent portions of the United States,
and overlaps the general migratory route of kri-
derii as well. Calurus has a strongly marked
melanistic phase and can resemble harlani; cal-
urus, however, retains the red tail color.

Despite similarities, however, harlani does
not qualify as a polymorph variant of either
kriderii or calurus. Polymorphism is an intra-
population phenomenon, and the genes in-
volved in polymorphism have, in general, con-
spicuous discontinuous effects (Mayr 1970: 90).
Thus, if kriderii and harlani were different

morphs of the same subspecies, one would ex-
pect to see both varieties in mixed occurrence
through most of their range. Overlap in breed-
ing range has been recorded (Taverner 1936,
Gabrielson and Lincoln 1959), although to only
a minor degree. The Alaskan harlani breeding
population and the kriderii population of the
north-central U.5. and southem prairie-prov-
inces of Canada remain distinct, with little
mixing (see Friedmann 1950 for general kriderii
range). The same can be said of calurus and
harlani, although their zone of breeding range
contact is broader than that for harlani and kri-
derii. As distinct populations with different
geographic core areas, harlani, kriderii, and cal-
urus are good subspecies. The similarities be-
tween harlani and kriderii suggest a close his-
torical affinity.

The fact that all individuals seen in central
and southwestern Alaska were either harlani or
harlani intergrades clearly indicates the exis-
tence of a breeding range for harlani in which
other Red-tailed Hawk subspecies do not occur
(Fig. 3). Subspecies by definition must possess
an exclusive geographic breeding range, and,
thus, the field observations from Alaska pro-
vide the information that has previously been
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lacking to support subspecific status for harlani
(cf. Mayr and Short 1970: 38, 89).

The presence of intergrades within the
breeding range of a subspecies does not in-
validate the exclusiveness of the range. Inter-
breeding can be expected to occur where two
subspecies come into contact, and intergrade
forms will often penetrate farther into the op-
posing parental ranges than will pure forms
(Mayr 1942, 1963). The zone of intergradation
for harlani entirely overlaps its breeding range
within the study area (Fig. 1) and, I suspect,
in the remainder of its range as well. Inter-
grades in the study area occured at a south-
western extreme of Pilot Village, east to the
McGrath vicinity, and north to Galena. Inter-
grades outside the study area are recorded from
Fairbanks (Lowe 1978), Atlin, British Colum-
bia, and two southwestern Yukon Territory lo-
cations (Taverner 1927). Harlani remains a
meaningful subspecies, regardless of the wide
intergradation zone, due to its recognizability
in migration and on wintering grounds and the
usefulness of this trait in studying geographic
variation in the species. Even individuals of
partial harlani ancestry can often be recognized
as such.

Harlani makes the longest migration of any
Red-tailed Hawk subspecies and passes over
(leapfrogs) some populations of other subspe-
cies. This further illustrates harlani’s unique-
ness and weakens any consideration of it as a
color morph of another subspecies. Differences
in length, duration, and chronology of migra-
tion for different subspecies influence differ-
ences in physiological timing of breeding
cycles. Vaurie (1961a) and White (1968) point
out the importance of migratory habits in
showing a taxon’s nomenclatural distinctive-
ness.

The exclusive breeding range of harlani is
not strictly limited to the present study area,
although it appears to include the core. Reports
of Red-tailed Hawks identified to subspecies
in Alaska and adjacent Canada are few, and
sometimes unreliable. Twitchell’s reports of
calurus from the Innoko, Nushagak, lower
Kuskokwim, and Iditarod rivers (Gabrielson
and Lincoln 1959) around 1917 are not included
in Fig. 3. These locations are in or near the
present study area and conflict with recent ob-
servations. The reports make no mention of
harlani intergrades, and it seems possible that
Red-tailed Hawks with red-colored tails seen
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by him had some less visible harlani tail char-
acteristics.

Five specimens identified by Gabrielson and
Lincoln (1959) indicate that harlani’s zone of
contact in central and eastern Alaska is with
calurus, which is generally the predominant
subspecies throughout most of western North
America (Friedmann 1950, Brown and Amadon
1968). Alascensis, a smaller and richly pig-
mented subspecies of southeast Alaska and
coastal British Columbia (Grinnell 1909, Cum-
ming 1931), probably contacts both harlani and
calurus inland. Borealis, with the core of its
range in eastern North America, has poorly
known western range limits and no demon-
strated contact zone with breeding harlani.
Todd’s (1950) B. j. abieticola may replace bo-
realis in the spruce-fir belt of Canada, although
it is infrequently recognized. Kriderii, generally
of the central North American plains, may con-
tact harlani, although the evidence is small,
based on possible intergrades discussed by
Taverner (1927) and a juvenile specimen from
Eagle, Alaska identified by Robert Ridgway
(Bailey 1916).

The summer and breeding records of calurus
closest to the eastern limit of the present study
area are from the Chatenika River and Minto
Lakes west of Fairbanks, the Kasilof River and
Tustumena Lake on Kenai Peninsula (Gabriel-
son and Lincoln 1959), and in the vicinity of
Ferry along the Fairbanks Highway (Kessel and
Springer 1966). Some of these sightings may
have been of harlani intergrades. Specimens
identified as calurus by Gabrielson and Lincoln
(1959) came from Salcha Slough (50 km south-
east of Fairbanks), Chitina River (a Copper
River tributary in south central Alaska), Denali
National Park, and Circle. Additional calurus
reports are from the Chandalar River, Robert-
son River, Circle, Gulkana, and Chitina River
(Gabrielson and Lincoln 1959).

In the only detailed previous study of Red-
tailed Hawks in Alaska, Lowe (1978) reports
that, of 285 Red-tailed Hawk sightings within
a 300-mi? study area in the Fairbanks vicinity,
83.9% were pure harlani. Although Lowe clas-
sified the remainder as either calurus, borealis,
or unknown, he reveals the mixed character of
most of them in stating (1978: 32), “Most of the
hawks classified as borealis or calurus were not
typical of these forms . . . many had tails only
washed with red . . . and portions being mot-
tled, barred or white.” Lowe gives a photo-
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graph of an adult labeled as calurus that clearly
has intergrade characters.

In the Yukon Territory, harlani are appar-
ently predominant in the southwestern portion
of the province (Yukon River drainage), harlani
intergrades and hawks with red tails are mixed
on the west slope of the Ogilvie Mountains,
and hawks with red tails are common northeast
of the Ogilvie Mountains in the Peel and Por-
cupine river drainages (David Mossop pers.
comm.). More fieldwork and specimens are
needed throughout northwestern Canada and
Alaska to fill in details of Red-tailed Hawk geo-
graphic variation.

Reports of harlani occur throughout central
and eastern Alaska south of the Brooks Range.
The northernmost record is from the Porcupine
River near the Alaska-Yukon border (Ritchie
and Curatolo 1980). Additional records are from
the Yukon River between Circle and the Forty-
mile River confluence (White and Haugh 1969),
the Fairbanks vicinity (Kessel and Springer
1966, Lowe 1978), Ferry and Denali National
Park (Kessel and Springer 1966), Tok and
Northway (D. Weir pers. comm.), the Charley
River (S. Ambrose, M. Amaral, and C. M. White
pers. comm.), and Kechumstuk and McCarthy
(Gabrielson and Lincoln 1959). Williamson et
al. (1965) report seeing only harlani during the
breeding season at unspecific locations in the
area “west of the Copper River Valley, includ-
ing the Cook Inlet region.” They also record
nests of harlani near Anchorage and at Hidden
Lake on the Kenai Peninsula and two speci-
mens collected at mile 20 on the Tok Cutoff
Road.

The findings suggest that the breeding range
for harlani and its intermediate forms, exclu-
sive of other Red-tailed Hawk subspecies, can
be outlined as follows: west to Norton Sound
and the western limit of the taiga approaching
the Yukon-Kuskokwim Delta; east to the Alas-
ka Range west slope; north at least to the Koyu-
kuk River mouth and probably up to tree line
south of the Brooks Range; and south to the
Iliamna Lake region. Even if a few other Red-
tailed Hawks are located in this area, domi-
nation of harlani in subspecific ratios would
not be changed. Breeding sites for harlani found
during the present study represent a westward
extension in the Red-tailed Hawk’s reported
range (A.O.U. 1957, Brown and Amadon 1968).

Causes for divergence.—The two basic pat-
terns of speciation resulting in geographic
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variants within a widespread species are allo-
patric and paripatric (also alloparipatric) (En-
dler 1977) or geographic and semigeographic
(Mayr 1942, 1963). Allopatric speciation in-
volves the isolation and subsequent diver-
gence of a population caused by extrinsic, geo-
graphic barriers. Allopatric speciation due to
glaciation and concomitant biotic refugia has
been hypothesized by Hultén (1937) to explain
phytogeographic patterns and the present
ranges of Alaskan plants. Pleistocene glaciation
as an isolating mechanism allowing speciation
among northern birds has been discussed by
Austin (1932), Rand (1948), Pitelka (1950), Dru-
ry (1953), Cade (1955), Fay and Cade (1959),
and Selander (1965). Much supportive infor-
mation on geology, oceanography, palynology,
and paleontology around the Bering Land
Bridge is presented by Hopkins (1967).

The morphologically distinctive harlani pop-
ulation may also have developed through iso-
lation in a Pleistocene epoch glacial refugium.
The Bering Sea-Yukon Refugium and its pos-
sible relationship with geographic variation in
the Rough-legged Hawk (Buteo lagopus) has
been discussed by Cade (1955). A similiar ar-
gument for the evolution of harlani in Alaska
can be made. A northern population of B. ja-
maicensis might have become isolated by sur-
rounding ice sheets in a land area encompass-
ing southwestern Alaska, part of eastern Siberia
and the interlying Bering Sea. Morphological
divergence occurring during isolation devel-
oped more rapidly than did any intrinsic iso-
lating mechanisms that might have prevented
breeding with the parental stock. Thus, harlani
was still able to breed with Red-tailed Hawks
from unglaciated regions in southern North
America when corridors opened during the re-
treat of the last glaciation. Evolution of har-
lani’s migration is another matter, as present
migration patterns for all species have appar-
ently evolved since the end of the last glacia-
tion (Moreau 1972, see Dingle 1980).

Buteo jamaicensis and B. buteo are considered
by some to be members of the same superspe-
cies group (Voous 1960, Mayr and Short 1970),
although relationships in this group remain
obscure. Harlani isolation in the Bering Sea-
Yukon Refugium suggests the possibility of
contact (gene flow) during that period with the
easternmost form of B. buteo, japonicus. Buteo
buteo has not been recorded in the Soviet Union
east of the Kolyma River system, including
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Kamchatka Peninsula (Vaurie 1961b); the east-
ern limit of japonicus, however, may be incom-
pletely known.

Glaciation and paleoclimatological refugia
represent only one of the two broad patterns
of speciation. Although Mayr (1963) has pre-
viously argued against the likelihood of pari-
patric speciation, Endler (1977) presents a strong
case for its feasibility and further demonstrates
that it is not possible to distinguish between
the result of paripatric or allopatric speciation
simply by interpreting a particular geographic
pattern. Under the paripatric mode of specia-
tion, harlani would have developed through the
formation of clines, without any barriers to gene
flow occurring in the contiguous Red-tailed
Hawk range. Isolation would be more by dis-
tance from similar conspecifics than by geo-
graphical, ecological, or temporal factors (Hux-
ley 1939, Timofeef-Ressovsky 1940, Mayr 1942,
Murray 1972, Endler 1973).

The wide harlani intergrade range may im-
ply incomplete divergence of morphological
characters, assuming the variance arose through
primary intergradation and paripatric differ-
entiation, or, if one assumes the events of sec-
ondary intergradation and allopatric specia-
tion, the wide intergrade range may suggest
that the intergrades are not ““unbalanced”
enough to produce a well-defined intergrade
zone (see discussion of hybrid zones in Mayr
1963, Endler 1977). In other words, the inter-
grade characters do not cause a selective dis-
advantage, thus allowing breeding success and
spread of intergrade forms. Just as one would
expect disadvantageous genetic combinations
to be selected against, one could expect that
characters not disadvantageous would pene-
trate farther into the parent populations. The
character of red in the tail may fit the latter
description. This could explain the frequent
occurrence of small amounts of red in the tails
of adults that are otherwise “pure” harlani in
character. Friedmann (1950) describes harlani’s
tail as having . . . from scarcely any admix-
ture of ochraceous to a definite cinnamoneous
wash . . . . It is questionable that pure harlani
has any red color in the tail, and the not un-
common “cinnamoneous wash”” may be an in-
tergrade trait.

On the Yukon and Kuskokwim rivers during
1981, 3 (6.5%) of 46 harlani seen were light
breasted, while 5 (41.6%) of 12 intergrades ob-
served were light breasted. Light body plum-
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age for hawks with harlani characteristics may
also be the result of subspecific interbreeding,
similar to red color in the tail. The greater per-
centage of light-breasted forms among inter-
grades than among harlani seen during the
present study suggests this possibility. Inde-
pendent segregation of such traits can also be
expected and would account for the three hawks
seen in 1981 with light breasts but no red in
the tail. Considering the degree of color vari-
ation seen in other Red-tailed Hawk subspe-
cies, however, the existence of light phase
“pure”’ harlani seems possible. Observations
on the parentage of light phase harlani are
needed.
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World Inventory of Avian Skeletal Specimens. 1982. D. Scott Wood, Richard L. Zusi, and Marion Anne Jenkinson.
World Inventory of Avian Spirit Specimens. 1982. D. Scott Wood, Richard L. Zusi, and Marion Anne Jenkinson.

Published by The American Ornithologists’ Union and The Oklahoma Biological Survey, the cost of each
inventory is $25.00, including surface mail postage. For air mail, add $5.00 (U.S.), $5.50 (Canada, Alaska,
Hawaii), $9.00 (Mexico, Central America), $15.50 (Europe, South America), or $22.00 (Asia, Australia, New
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Norman, Oklahoma 73019, U.S.A.

The First Conference on Birds Wintering in the Mediterranean Region will be held on 23-25 February 1984
at Aulla, Italy. Emphasis will be on the ecology, ethology, distribution, and migration of birds wintering
in this region. For further information and preregistration materials contact Dr. Almo Farina, Museum of
Natural History of Lunigiana, Fortezza della Brunella, 54011 Aulla, Italy.

The Raptor Management Information System (RMIS) is a collection of published and unpublished papers,
reports, and other works on raptor management and human impacts on raptors and their habitats. It
currently consists of nearly 2,500 original papers, 160 keyworded notecard decks comprised of 15,000 key
paragraphs from the original papers, and a computer program to retrieve partially annotated bibliographies
by species, by keyword, or by any combination of keywords and/or species. A geographical index is under
development, and new papers are added as they are received. Originally designed to facilitate land-use
planning and decisionmaking by government agencies and industry, the RMIS has since grown into a
powerful research and environmental assessment tool for scholars, students, consultants, as well as land
managers and their staff biologists. For more information write Dr. Richard R. Olendorff, U.S. Bureau
of Land Management, 2800 Cottage Way, Sacramento, California 95825 U.S.A., or phone commercial (916)
484-4701 or through the Federal Telephone System 468-4701.
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of North American birds as listed in the Thirty-fourth Supplement to the American Ornithologists’ Union
Check-List of North American Birds (1982 Auk 99(3): 1CC-16CC). Please use this nomenclature when pre-
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methods, and his argument is little more than
an opinion. On the basis of present under-
standing, we conclude that piciform monophy-
ly remains the preferred hypothesis.
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Museum of Natural History; Nina Pierpont, Foraging
behavior, competition, and relative abundance of
woodcreepers (Dendrocolaptidae) at an Amazonian
forest site; Melinda Pruett-Jones, Vocal copying in
Macgregor's Bowerbird (Amblyornis macgregoriae);
Stephen Pruett-Jones, Ecology and evolution of social
organization in Parotia lawesii, Lawes’ Six-wired Bird
of Paradise; Mark D. Reynolds, Mobbing behavior of
nesting Black-billed Magpies; Mark F. Riegner, For-
aging ecology of the Yellow-crowned Night Heron;
Emily Francesca Rissman, Hormones and social be-
havior in the Spotted Sandpiper, Actitis macularia;
Gary Ritchison, Singing behavior of the Cardinal,
Cardinalis cardinalis, with emphasis on the function
of singing by females; Nicholas L. Rodenhouse, In-
dividual and regional variability in the foraging be-
havior of forest passerines; Stephen R. Sabo, Mixed-
species flocks of Hawaiian honeycreepers; Bette ].
Schardien, Behavioral ecology of a southern popula-
tion of Killdeer; Debra H. Schlenoff, The “‘startle”
response of wild-caught birds to artificial prey; Hel-
mut Sick, Study of specimens in the American Mu-
seum of Natural History and identification of birds
from Brazil; Thomas Allen Stevens, Food hoarding
by Great Grey and Lesser Grey Shrikes, Lanius excu-
bior and L. minor, a quantitative and experimental
study; Stuart D. Strahl, Ecological correlates of the
social system and foraging behavior of the hoatzin
(Opiathocomus hoazin) in Venezuela; Scott B. Terrill,

Potential effects of food abundance and social envi-
ronment on migratory distance in Dark-eyed Juncos
(Junco hyemalis hyemalis); Kimberly Titus, Nest-site
habitat selection patterns of woodland hawks in three
temperate forest regions; Jill M. Trainer, Song dia-
lects, communication, and social organization in
Chestnut-headed Oropendolas (Zarhynchus wagleri)
and Yellow-rumped Caciques (Cacicus cela); Peter B.
Turchin, Determination of paternity in a polyandrous
bird, Jacana spinosa; Katherine A. Voss-Roberts, Pa-
rental attentiveness and embryonic tolerance of
thermal stress in Yellow-headed Blackbirds (Xantho-
cephalus xanthocephalus); Thomas C. Will, Behavioral
ecology of species replacement: Blue-winged and
Golden-winged warblers in Michigan; Pamela L. Wil-
liams, Comparison of colonial and non-colonial nest-
ing by northern orioles in central coastal California;
Kathy A. Winnett-Murray, Behavioral ecology of four
Central American wrens; Barbara L. Woods, Mate-
guarding and female reproductive synchrony in Barn
and Cliff swallows; David A. Yokel, Mating system
of the Brown-headed Cowbird in two different en-
vironments; Robert M. Zink, Allozymic correlates
of dominance behavior in Dark-eyed Juncos: a reap-
praisal.

Correction to 1981 list: MarthLeah Chaiken re-
ceived a grant for research on the functions and
development of variability in some calls of the
European Starling (Sturnus vulgaris).
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mer birds of the upper Yukon River, Alaska, and 1965. New distributional and overwintering
adjacent parts of the Yukon Territory, Canada. records of birds from south-central Alaska. Con-
Can. Field Natur. 83: 257-271. dor 67: 73-79.

The American Ornithologists’ Union will hold its Annual Meeting in New York from 26 September to 1
October, 1983. A formal call for papers will be mailed to members by mid-April with the deadline for
submission of abstracts for papers and poster sessions of 15 June 1983. For further information on the
scientific program, contact Dr. George Barrowclough, Department of Omithology, American Museum of
Natural History, Central Park West at 79th Street, New York, New York 10024.

Fellows and Elective Members are reminded that nominations for Elective Members or Fellows may be
submitted to the Secretary on the prescribed form up until five months prior to the opening of the next
dated meeting. The deadline for 1983 is 26 April. Nominations for Vice President and three Elective
Councillors may be made in writing to the Secretary at any time prior to the annual meeting.

The American Ornithologists’ Union invites applications by 1 March 1983 for the following competitive
research awards:

Josselyn Van Tyne Memorial Fund supports projects in any area of ornithology, with awards of a few
hundred to a thousand dollars each. Successful applications usually focus on one or a few carefully de-
fined, incisive questions, rather than on general biology or management.

Alexander Wetmore Memorial Fund supports projects involving systematics and/or the taxonomy of birds
and, secondarily, studies of neotropical birds. Awards are of a few hundred to a thousand dollars. Suc-
cessful applications are usually built around a well-focused, interesting question.

Herbert and Betty Carnes Awards are intended to promote excellence in the scientific study of birds
by permitting individuals an opportunity to expand the design of field or laboratory work and to explore
new methods of data analysis. Applications are judged on the basis of scientific merit, importance, and
originality. One or two awards of $1,000-$2,000 are made.

Students, amateurs, and others with limited or no access to major granting agencies are encouraged to
apply for the Van Tyne or Wetmore Awards, while the Carnes Award is open to all individuals. Appli-
cation forms and further information on the Van Tyne and Wetmore Awards may be obtained from
Dr. Erica Dunn, 30 Davidson Road, Aurora, Ontario L4G 2B1 Canada; applications for the Carnes Award
should be addressed to Dr. Ellen D. Ketterson, Department of Biology, University of Indiana, Bloomington,
Indiana 47405 USA.



