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IN COSTA’S HUMMINGBIRD (CALYPTE COSTAE)
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Wickson Hall, University of California, Davis, CA 95616
Present address of MLA: United States Department of Agriculture,
Denver Wildlife Research Center, Florida Field Station,
2820 E. University Avenue, Gainesuille, FL 32601
Present address of CVR: National Park Service,
Cooperative National Park Resources Studies Unit,
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Costa’s hummingbird (Calypte costae) is a xe-
rophilic species that breeds in desert areas of
southern California, Arizona, and adjacent Mex-
ico from late February into early spring (Johns-
gard, 1983). As desert flower availability declines,
many individuals migrate northward into coastal
chaparral areas (Stiles, 1972; Weathers, 1983),
a period during which very little is known about
Costa’s hummingbird. Some birds possibly breed
a second time in the chaparral of the Coast Range,
but this remains to be verified (Stiles, 1972).

Here, we document foraging and territorial
behavior of Costa’s hummingbirds temporarily
resident at Pinnacles National Monument in cen-
tral California on the northern edge of the species’
breeding range (American Ornithologists’ Union,
1983; Baltosser, 1989). Prior to 1984, only one
sighting had occurred at Pinnacles (Avery and
van Riper, 1986), but several sightings were made
in spring of 1984 and 1985 at which time males
were observed engaged in elliptical dive-and-
whistle display flights. The recent sightings co-
incide with an apparent northward range exten-
sion of Costa’s hummingbirds in California
(LeValley and Campbell, 1984; Baltosser, 1989).

Pinnacles National Monument is located in
Monterey and San Benito counties, approxi-
mately 65 km inland, and situated at the southern
end of the Gabilan Mountains, part of the Coast
Range of central California. The study site was
an open area on the east side of the Monument
adjacent to Chalone Creek at a dense stand of
Trichostema lanatum (Labiatae), a woody shrub
with pale blue to purple flowers adpated for hum-

mingbird pollination (Spira, 1980). Other vege-
tation included several large live oaks (Quercus
agrifolia) and scattered patches of chamise (4d-
enostema fasciculatum), redberry (Rhamnus cro-
cea), and elderberry (Sambucus sp.) shrubs. An-
nual grasses and yellow star thistle (Centaurea
solstitialis) dominated the ground cover.

In both 1985 and 1986, we visited the study
site on nine days between 23 April and 27 June,
and spent approximately 80 hours each year mist-
netting birds and observing behavior. A 60- X
30-m area was gridded into 10- X 10-m squares.
On a scale drawing of that area, we plotted perch
sites used by territorial birds and locations of
altercations between territory holders and in-
truders to estimate size and extent of defended
areas. We also plotted locations of 7. lanatum
plants and we used area covered by those shrubs
as an estimate of territory quality.

At irregular intervals throughout the day, we
recorded total time spent foraging, defending ter-
ritories, and perching by territorial individuals
kept continuously in view for up to 30 min or
until lost from sight. To aid in identifying indi-
viduals, we glued small pieces of colored plastic
flagging to the back feathers of some mistnetted
birds. We identified unmarked territorial birds
by distinctive plumage features. Species and age/
sex determinations were made with the aid of
standard references (Stiles, 1971; Johnsgard,
1983). Birds having broad, pale feather edgings
were designated as juveniles. Juvenile males were
distinguished from juvenile females by possession
of substantial numbers of purple gorget feathers;
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TABLE 1—Age and sex of Costa’s hummingbirds
mistnetted at Pinnacles National Monument in May
and June, 1985-1986.
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TABLE 2—Activity budgets of territorial Costa’s
hummingbirds and area within territories covered by
Trichostema lanatum bushes during June 1986 at Pin-
nacles National Monument, Paicines, CA. Adult birds

Adults Juveniles areﬁim‘:ljicated by the prefix A, and juveniles by the
prefix J.
Year Male Female Male Female Unknown
1985 4 3 8 4 5 Total
1986 6 3 6 2 8 Area of time 4 ity (% of total time)
Totals 10 6 14 6 13 T. lana-  ob-
tum  served Feeding on
Bird (m?) (min) Perch Nectar Insects Chase
however, sex of juvenile birds could not be de- 2; 1;2 ;?g Zgﬁ 22; (2) 3 18;
termined in all cases. _ , A3 108 135 726 125 02 134
We estimated seasonal and daily nectar avail- n 38 81.0 804 154 03 39
ability by extracting nectar from flowers with 20- 7, 28 255 822 172 0 0.6
pl capillary tubes. We measured sugar with a J3 23 37.6 679 272 0 4.9

temperature compensated hand-held refractom-
eter and converted these measurements to su-
crose-equivalent sugar concentrations (Bolten et
al., 1979). We estimated hourly nectar production
by measuring nectar in open flowers and in near-
by flowers from which birds and insects had been
excluded for 3-5 hours (e.g., Carpenter, 1983).
Mean nectar volume in open flowers at the start
of the measurement period was subtracted from
mean nectar volume in protected flowers at the
end of the interval and the difference was divided
by the length of the measurement interval.

During May-June 1985 and 1986, 49 Costa’s
(Table 1), 12 black-chinned (Archilocus alexan-
dri), 9 Anna’s (Calypte anna), and 2 Allen’s (Se-
lasphorus sasin) hummingbirds were captured.
Except for Costa’s, each species is known to nest
within the Monument (Avery and van Riper,
1986). Costa’s hummingbirds occurred on the
study site from 22 May to 27 June 1985 and from
23 May to 23 June 1986.

On 23 May 1986, we netted and marked a
male Anna’s hummingbird that perched atop an
oak snag adjacent to the study site and displayed
over the entire study site. Several times it chased
other birds, including a nonterritorial male Cos-
ta’s, from flowering shrubs. On 1 June, the marked
Anna’s was singing and defending only the north
edge of the study site. One Costa’s hummingbird
was atop the oak snag and 3 others had territories
among the shrubs. By 13 June, there were 7
territorial male Costa’s and no Anna’s.

In 1986, territorial Costa’s hummingbirds spent
62.6% to 92.8% of their time perched within their
territories (Table 2). Overall, adults spent more
time chasing intruders and less time foraging than

did juvenile birds. Hawking for insects consti-
tuted a small portion of most birds’ time budget,
but some sallies after small insects lasted several
seconds (X = 3.6 s, SE = 0.5, n = 25).

Territories of 3 adult males averaged 10.4 m?
(SE = 1.9) of coverage by T. lanatum bushes
compared to 3.0 m? (SE = 0.4) for the juvenile
birds (P = 0.018; F = 14.87; 1, 5 df). The area
covered by 7. lanatum was correlated (r = 0.77;
¢t =2.39; 0.10 > P > 0.05) with the percentage
of time spent chasing intruders (Table 2). We
observed no territorial female Costa’s humming-
birds.

Our results suggest that adult male Costa’s left
the area before juveniles, possibly in response to
declining flower abundance. For both years com-
bined, 7 of the 12 male Costa’s captured before
10 June were adults compared to 3 of 12 after
10 June (P < 0.10; x2 = 2.74; 1 d.f).

During May 1986, the mean amount of nectar
available in 7. lanatum flowers throughout the
day ranged from 1.8 to 3.0 ul/flower (Table 3).
Sugar content ranged as high as 0.83 mg/flower,
but on some dates we could not collect enough
nectar to measure concentrations. The standing
nectar crop declined in 1985 after 13 June, but
we did not detect such a response in 1986 when
nectar availablity appeared to be greater (Table
3).

Trichostema lanatum flowers began to open in
the first week of May and peaked in abundance
3-4 weeks later. We estimated flowers to be ap-
proximately 90% gone by the last week of June.
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TABLE 3—Nectar availability, sucrose equivalent sugar content, and nectar production in Trichostema lanatum

flowers at Pinnacles National Monument.

Nectar (ul/flower) Sugar content (mg/flower)

Date Time n X SE X SE
22 May 1985 1400 18 0.3 0.1 0.09 0.01
13 Jun 1985 0830 20 1.7 0.2 0.39 0.02
18 Jun 1985 1730 20 0.1 0.1 unmeasurable
19 Jun 1985 0900 18 0.1 0.1 unmeasurable
23 May 1986 1000 20 2.3 0.3 0.54 0.02
23 May 1986 1300 20 3.0 0.5 0.72 0.02
24 May 1986 0700 20 2.7 0.4 0.63 0.01
14 Jun 1986 1900 18 1.8 0.4 0.46 0.03
15 Jun 1986 0730 15 3.5 0.4 0.83 0.02
Final nectar content (ul) Nectar production
Date Interval n X SE (ul/h)
13 Jun 1985 0830-1130 15 3.0 0.2 0.43
19 Jun 1985 0900-1200 20 1.7 0.2 0.48
23 May 1986 1000-1500 20 5.3 0.4 0.60
23 May 1986 1300-1600 20 5.9 0.3 0.97

Flowers that were bagged for 3-5 h accumulated
as much as 5.9 ul of nectar (Table 3). Rates of
nectar production varied from 0.43 to 0.97 ul/
flower/h. Previously published information in-
dicates nectar volume of 5.4 ul/flower (Spira,
1980), and Stiles (1972) included T. lanatum in
a group of species with daily nectar production
of 10-25 ul/flower/day.

Although males were observed displaying at
Pinnacles from late March through April (Avery
and van Riper, 1986), nesting was unrecorded,
and additional study of Costa’s hummingbird at
Pinnacles is warranted to clarify breeding status
there. We suspect that the birds observed during
May-June were post-breeding transients from
southwestern California deserts that were present
at Pinnacles only long enough to exploit the flow-
ering of Trichostema lanatum. Stiles (1972) found
that Costa’s hummingbirds arrived in the Santa
Monica Mountains, approximately 320 km south
of Pinnacles, during March-April and the peak
of the breeding season was in May. There, birds
remained in chaparral throughout summer until
departing for Mexican wintering grounds in Sep-
tember. As at Pinnacles, Trichostema lanatum was
the major food plant in the dry interior chaparral
during early summer.

Territoriality in the nonbreeding season is
common among hummingbirds (Stiles, 1972).

Costa’s hummingbirds at Pinnacles in May and
June were highly territorial and appeared dom-
inant over the other hummingbird species. We
observed one resident Anna’s that attempted to
control patches of Trichostema lanatum but was
supplanted by Costa’s. Neither black-chinned nor
Allen’s established territories, although they oc-
casionally intruded. Our findings are thus at vari-
ance with Stiles (1972) who reported that in the
Santa Monica Mountains, Anna’s were dominant
over black-chinned hummingbirds, which in turn
were dominant over Costa’s at feeding sites. Also,
Hixon and Carpenter (1988) found that Costa’s
were subordinate to the rufous hummingbirds
(Selasphorus rufus) near Bishop, California in the
Sierra Nevada. The apparent success of the Cos-
ta’s hummingbirds defending feeding territories
at Pinnacles might be due to their numerical su-
periority or to habitat characterisitcs that made
territoriality unprofitable for the other species.
In several respects, the territorial behavior of
nonbreeding Costa’s resembles closely that of An-
na’s: (1) adult and subadult males defend feeding
territories; (2) subadult males hold smaller ter-
ritories with fewer flowers than do adult males;
(3) as flower abundance declines, adult males
abandon territories more quickly than do sub-
adults; and (4) females do not hold feeding ter-
ritories. Further similarities in the ecology of these
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closely related species may emerge as more be-
comes known of the biology of Costa’s hum-
mingbird.

The staff of the Pinnacles National Monument
were extremely supportive during the study. In
particular, we thank R. Broyles, E. Carlson, and
S. de Benedetti for their help and encouragement.
This research was partially supported by a grant
from the Frank M. Chapman Memorial Fund
of the American Museum of Natural History.
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PARTHENOGENETIC WHIPTAIL LIZARDS OF THE
CNEMIDOPHORUS TESSELATUS COMPLEX (TEIIDAE) IN
SOUTHEASTERN COLORADO
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Department of Biological Sciences, University of Arkansas,
Fayetteville, AR 72701 (JMW)
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Cnemidophorus tesselatus is a complex of par-
thenogenetic whiptail lizards that occurs in dry,
open habitats from the Trans-Pecos region of
Texas and adjacent Mexico northward to south-
eastern Colorado (Stebbins, 1985). All C. tesse-
latus are female and reproduce without fertiliza-
tion to produce individuals that are genetically
identical to their sisters and their mother. There
are several diploid and several triploid lineages;

these have been assigned to distinct “‘pattern class-
es,” designated by capital letters, by Zweifel
(1965). The triploids occur only in southeastern
Colorado, as do the northernmost populations of
diploid pattern classes C and D (Zweifel, 1965;
Parker and Selander, 1976; Walker et al., 1990).

Most previous studies of the ecology of C. tes-
selatus have been conducted either in Texas (Mil-
stead, 1957, 1958; Scudday and Dixon, 1973;
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