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Abstract. Numbersof Broad-tailedHummingbirds(Sehzsphorous
platycercus)captured
eachsummerfrom 1979-1989 at the Rocky Mountain BiologicalLaboratorywerequite
variable, rangingfrom 115 (1981) to 348 (1989) with new birds usuallyoutnumbering
returning(previouslybanded)birds. Capturenumberswerenegativelycorrelatedwith the
abundanceof four speciesof flowersthey visited,Erythronium grandiflorum, Delphinium
nelsonii, Zpomopsisaggregataand Delphinium barbeyc flowernumberswerealso highly
variable during the study period.Sincemost of the captureswere at feeders,thesedata
suggest
that in yearswith high floral abundancefeedersare lessattractive,while in years
with lowfloralabundancehummingbirdswith nestsor territoriesat greaterdistances
increase
their use of the feeders.This interpretationis supportedby seasonalvariation in use of
feeders,whichis highestduringthe beginningand end of the seasonwhenfloralabundance
is lowest.Estimatesof hummingbirddensitybasedon activityat feedersmaythusbeaffected
by the availability of floral foodresources.
Key words: Banding; census;floral abundance;Broad-tailed Hummingbird; population
size; resources,

INTRODUCTION
Many bird populations vary in size from year to
year (e.g.,Mulvibill and Lcberman 1987), or even
within years. In some casesthis variation can be
ascribed to particular environmental or demographic variables. For example, droughts may
affect reproduction and survivorship through an
effect on food resources(Gibbs and Grant 1987,
Grant and Grant 1989), cold temperatures may
result in decreasedwinter swivorship, or small
population sizes may result in local extinctions.
However, variation in population size usually
remains unexplained.
Hummingbird numbers seem to vary considerably, as perceived by numbers at feeders. Apparent lows are popularly attributed to environmental catastropheson the wintering groundsfor
many speciesin Central America, such as volcanic eruptions, forest fires, and the use of pes-
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ticides. While these perceptions lack the rigor of
scientific methodology, casual observations by
numerous individuals nevertheless suggestthat
these are plausible explanations. Accurate estimates of hummingbird population size would
permit more careful consideration of the significance of this variation.
A variety of techniques can be used to assess
population size. Banding offersan advantageover
techniques based on visual sightings, or counts
of song or flight noise that may be conducted
more easily, in that individuals are identified and
counted only once. We have carried out longterm studies using two methods, banding and
flight noise, on a resident population of Broadtailed Hummingbirds (Selusphorus platycercus
Swainson). During our 18-year study we have
observed substantial year-to-year variability in
abundance of Broad-tailed Hummingbirds in
Colorado. There is also significant annual variation in the availability of floral resourcesused
by thesebirds. Here we examine the relationship
between the abundance of the hummingbirds, as
indicated .by banding studies, and floral resources.
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TABLE 1. Mean dates of first and last flowering by the four flower species, 1982-1988. Datesof lastflowering
werecalculatedby addingthe mean lengthof the floweringperiodto the meandateof firstflowering.Data are
only shownif floweringoccurredin two or more plots.Data for this table are from a subsetof 23 of the 29
plotsmonitoredfor anotherstudy(the plotsin whichthesefour speciesoccurred).Zpomopsisdid not flowerin
this subsetof the plotsin 1982or 1983.

Erythronium grandiflorum
Delphinium nelsonii

1982

1983

1984

1985

1986

1987

1988

6106
6/17
6/16
7108

6/14
6/21
6/23
7/12

6/01
6/09

6/01
6/10

6/09
6/26

603
7/01

7/7
8/30

7105
8/28

7/11
8/04

7/17
8/13

26

28

5/20
6/01
6/06
6/22
6/29
8/07
7106
7/27
21

5/25
6/04
6/07
6/20
6/29
8/14
7/06
7/19
14

7/27
8/18

7/25
8/16

6/12
6/30
6/25
7/14
7/13
9/05
7/25
8/21

2

0

36

Zpomopsisaggregata
Delphinium barbeyi

Number of daysof overlan

MATERIALS

AND METHODS

This study was conducted at the Rocky Mountain Biological Laboratory (RMBL),Crested
Butte, CO, at an elevation of approximately 2,900
m. Broad-tailed Hummingbirds, the only resident breeding speciesof hummingbird at RMBL,
have been studied extensively at RMBL (e.g.,
Calder 1975, 1981, 1984, 1985; Calder and
Booser 1973; Calder et al. 1983; Waser 1978,
1988; Waser and Inouye 1977; Waser and Price
1983). Hummingbirds were captured and banded each year at two to three different sites separated by about 500 m. Most birds were captured
at feeders at cabins using cages, mist nets, or
butterfly nets, with some additional mist net captures in meadows around RMBL. Although the
banding program began in 197 1, it was intensified beginning in 1979 to the point where we
think that almost all resident birds were banded;
by the end of 1979 and subsequentsummers the
continued netting and trapping yielded primarily
recapturesofbirds already recordedfor that year.
In addition to data from banding, a potential
correlate of population size was also measured:
the numbers of male Broad-tailed Hummingbirds heard during 10 min of listening from a
fixed location in a meadow at RMBL at a standard time of day (noon). Suchcensuseswere conducted every two to four days throughout each
summer. Males of this speciesmake a mechanical wing whistle that is audible up to 100 m
away (Miller and Inouye 1983).
Data on flower abundance were collectedfrom
29 2 x 2-m plots, located within 500-1,000 m of
banding sites.Approximately every other day for

1989

5123
5/31
6/03
6/20
7/04
8/21
7/06
7/20
15

most of the growing season(early May to midSeptember), all flowersin the plots were counted.
Plots were scatteredamong habitats including a
dry rocky meadow (7 plots), aspenforest(2 plots),
wet meadow (9 plots), dry (but not rocky) meadow (3 plots), aspen-meadow interface (3 plots)
and willow-meadow interface (5 plots). For each
speciesin every plot, the peak number of flowers
produced during a given year was determined.
For analyses in this study, the peak numbers for
eachspecieswere added acrossplots for eachyear
to produce a single value of peak number of flowers. Not all speciesoccurred in all plots; for example, Ipomopsis was only found in l-7 of the
plots in any given year. However, representation
of speciesin the plots approximated their abundance at the study site.
Data from four species of flowers that are
among those most commonly visited by hummingbirds at the study site were used for this
analysis. They were Erythronium grandiforum
(glacier lily; Liliaceae), Delphinium nelsonii (Nelson’s larkspur; Ranunculaceae), Delphinium barbeyi (tall larkspur; Ranunculaceae), and Ipomopsis aggregata (scarletgilia; Polemoniaceae). Only
the latter fits the classical characterization of a
hummingbird-pollinated plant (long, red, tubular flowers). Data were not included for other
flowersusedby hummingbirds, suchas Castilleja
spp. (Scrophulariaceae),or Aquilegia elegantula
(Ranunculaceae)becausethey wererelatively rare.
The four flower speciesusedfor this study span
much of the flowering season (Table 1; Fig. 1).
Erythronium, with large, yellow, pendant lily
flowers, is one of the first speciesto flower at the
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a low of 115 in 1981 to a high of 348 in 1989.
From 1980-1987 the number of recaptured
(probably resident) birds was more constant than
the number of newly captured (probably migrant)
birds. The number of birds captured was highest
in 1988 and 1989, when the numbers of flowers
were lower than in any other year. These were
the only two consecutive years of low flower
numbers during the study, and this sequencewas
apparently responsible for the large numbers of
new birds (2 14) banded in 1988, and birds reFIGURE 1. Flowering curvesfor the fourflowerspe- captured in 1989; many of the recaptures were
ciesfor 1986.
first banded in 1988. There was also a large number of new hummingbirds in 1985.
Data from the census of wing-whistle noises
are also shown in Table 2; there was no signifistudy site, and is also visited by bumblebees and
cant correlation between these census data and
other bees. The two blue-flowered Delphinium
the numbers of banded males (v < 0.100, it =
species are also visited frequently by bumble11, P > 0.05), or between the number of flowers
bees, while hummingbirds are the primary visand the number of males heard in the censusof
itors to Zpomopsis(Waser 1982) although bumblebees commonly rob the nectar of Zpomopsis flight noises (r = 0.142, P > 0.05).
There was much variation among years in the
flowers in some years (Inouye 1980). Despite the
variation among years in date of first flowering number of flowers produced by each of the four
plant species(Table 3). The reasons for this are
(Table l), the relative sequence of flowering is
generally maintained, and the arrival and nesting not completely understood, although two factors
appear to be important. First, there is a signifiof the birds appear to be synchronized with flowcant correlation between the number of flowers
ering.
of both Delphinium speciesproduced each sumRESULTS
mer and the amount of snowfall the previous
Table 2 summarizes the numbers of Broad-tailed
winter (Inouye 1989); there is no suchcorrelation
for the other two species.Second, every four to
Hummingbirds captured at RMBL from 19791989. The sex ratio among captures was biased five years (1976, 1981, 1985, 1989) since 1973
in favor of males in 1980 and females in 1979 (when flower data were first collected from these
plots) there have been late (mid-June) hard frosts
and 1988 (binomial probability test, P < 0.05).
(sometimes accompanied by snow) that have
The total number of birds captured ranged from

TABLE 2. Numbers of Broad-tailed Hummingbirds captured at the Rocky Mountain Biological Laboratory.
Numbers are reported separatelyfor returning birds (previously banded) and new birds (unbanded);data from
1979 were not available in the same resolution as in subsequentyears. Data for a censusof flight whistles of
male Broad-tailed Hummingbirds are also shown (see Methods); numbers reported are mean number of flights
heard, with sample sizes (number of replicate censusesduring the summer) in parentheses.
Ret. males

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

11
16
15
16
14
24
24
15
18
32

New males

94
43
51
54
57
93
34
64
98
128

Total males

Ret. females

48
105
2:

45
30

70
71
117
58
79
116
160

3367
33
36
25
28
64
89

New females

;:
27
37
37
65
34
65
116
99

Total females

69
76
56
64
73
70
101
9’;
180
188

Total for both

117
181
115
130
143
141
218
117
172
296
348

Broad-tailed census

8.8 (24)
5.9 (17)
7.2 (13)
6.7 (17)
5.6 (9)
9.7 (21)
8.2 (17)
4.1(20)
4.1 (18)
8.1 (17)
6.2 (19)
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TABLE 3. Peak number of flowers recorded for each of the four species. Numbers in parentheses represent
the number of plots in which the species flowered.
Delphinium
barbeyi

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

82
91
50
111
124
113
116
178
157
57
133

(4)
(5)
(5)
(5)
(5)
(4)
(5)
(5)
(5)
(5)
(5)

992
980
468
795
962
686
523
478
356
187
203

(13)
(11)
(9)
(13)
(11)
(12)
(11)
(13)
(9)
(9)
(9)

killed flower buds ofmany species(Inouye 1988).
These two environmental events appear to be
responsible for much of the annual variation in
flower number in Delphinium species and for
some of the other speciesin these meadows.
There is a significant negative correlation between the number of birds captured and the peak
number of flowers (Fig. 2; r = -0.6 19, P < 0.05)
for the period 1979-1989. If the capture data are
broken down into numbers of recaptured birds
and new birds (Table 2; data only available since
1980) and then correlated with flower numbers,
the negative correlation for recaptured birds is
not significant (Fig. 3; r = -0.503, 0.1 > P >
0.05), while the correlation for new birds is significant only if the 198 1 datum is excluded (Fig.
4; r = -0.756, P < 0.05).
The year with the greatestdeviation from the
regressionin Figure 4 is 198 1, with fewer birds
captured than predicted by the regressionequation (and the lowest number of birds during the
1 l-year study). This year was also unusual in
another regard: it was the only year in the past
15 years in which there was legitimate (not nectar
robbing) visitation by large numbers of bumblebee queens (Bombus appositus) to Ipomopsis
flowers (personal observations; Pleasants and
Waser 1985). During 198 1 the standing crop nectar volumes in Ipomopsis flowers were much
higher than in all but one year (1977) of the seven
in which they were measured from 1975-1984
(Pleasantsand Waser 1985). This apparently permitted bumblebee queens (which cannot normally reach it) to collect the nectar. There was
also an unusual asynchrony between the time of
peak flowering and the influx of Selasphorusru-

1,891
2,285
374
1,102
1,181
2,375
432
1,557
541
136
361

(11)
(12)
(10)
(11)
(11)
(12)
(7)
(12)
(9)
(5j
(7)

Ipomopsis
aggwglua

71
36
135
113
77
84
234
220
181
73
87

(3)
(2)
(4)
(4)
(1)
(4)
(5)
(7)
(5)
(3)
(6)

TOtal

3,036
3,392
1,027
2,121
2,344
3,258
1,305
2,433
1,235
446
784

fus that year (Pleasants and Waser 1985). Together, these observations suggestthat there was
something unusual about the hummingbird populations at our study site in 198 1. It appearsthat
although the number of birds recaptured in 198 1
was about that predicted by the regressionequation (Fig. 3), the number of new birds was substantially lower than expected (Fig. 4).
DISCUSSION
It is perhaps surprising that we found any significant relationship between flowers and bird
abundance, given our crude index; only about
38% of the variation in numbers of banded birds
is explained by variation in the four speciesof
flowers. Although the flowers we used are significant resourcesfor the birds, they are not the
only species of flowers used by the birds, and
they do vary in both temporal availability (Table
1) and in nectar production. The deviations from
the regression lines may reflect fluctuations in
background population levels of the birds, or in
the reliability of our estimates of the floral environment from the hummingbird’s point of
view. As with any result based solely on correlation, and not explored further with experimental studies, we can suggestcausative factors but
cannot be positive about the definitive interpretation.
Another factor that may cloud the correlation
between numbers of birds and flowers is the fact
that these birds are long-lived but are not resident at the study site year round; they only spend
about two to three months of the year there. The
rest of the year is spent in migration, or overwintering farther south (probably in southern
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FIGURE 2. The correlation between the total number of Broad-tail Hummingbirds capturedat the Rocky
Mountain BiologicalLaboratory from 1979-1989, and
the peak number of flowers of four species used by
hummingbirds for nectar (Erythronium grandiflorum;
Delphinium nelsonii, Delphinium barbeyi, and Ipomopsis aggregata). The regression equation is Y =
270.04 - 0.05X (r = -0.619, P < 0.05).
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FIGURE 4. The relationship between the number of
new Broad-tailed Hummingbirds caughtand the peak
number of flowers of four speciesused by the hummingbirds for nectar. The regressionline is shown for
the relationship excludingthe 1981 datum; the regression equation is Y = 211.80 - 0.04X (r = -0.756, P
< 0.05).

of banded birds is that during years with lower
floral abundance, our population of banded birds
Mexico). Thus the availability of food resources derives from a larger area. During these years,
during the short breeding seasonmay not be the for example, some birds probably fly farther to
most important factor regulating population size, the feedersthat we use to attract them for bandeven though it may affect the numbers of birds ing, and there might not actually be any signifiusing feeders. Floral resourcesare also not the cant variation in resident population size; we
only food resourcesused by the hummingbirds. may just be increasing the size of our effective
Insects provide a major sourceof protein as well study area by drawing in more distant birds. The
as replacement of ions that are lost in the urine fact that the correlation between recapturedbirds
and number of flowers is not significant (i.e.,
(Calder and Hiebert 1983).
Hummingbird populations may in fact be more numbers of recaptured birds are relatively inconstant than indicated by our data. This would variant, with the exception of 1988-1989, when
be true if the explanation for’increased numbers flower numbers were very low; Fig. 3), while that
between new birds and number of flowers is significant (without the 198 1 datum; Fig. 4) supports the hypothesis that there is a core popu9
lation of resident birds and a variable number
(r125z
l 1989
of birds from outlying areas that are drawn to
feeders during years of low flower abundance.
Q lOO-There is circumstantial evidence to support
this hypothesisof a relatively constant core population. For example, the numbers of birds using
feedersvaries seasonally.Use of feedersis highest during the early part of the season,when flowis 25.ers are not yet available, and decreasesas the
I
availability of floral resourcesincreases.At the
fj
O-1
0
500
1000
1500
2000
2500
3000
3500
_
L
end of the season,when floral abundance begins
PEAK NUMBER OF FLOWERS OF 4 SPECIES
to decline, or when flowers are preempted by the
FIGURE 3. The relationship between the number of
more aggressivemigrant Rufous Hummingbirds,
Broad-tailedHummingbirds that were recapturedfrom
use of feeders again increases.At times like this
previous years (probably local residents)and the peak individual birds will fly 2-6 km to our feeders
number of flowers of four speciesused by the hum(W. Calder, unpubl. data).
mingbirds for nectar. The regressionequation is Y =
The negative correlation between numbers of
88.26 - 0.012X (r = -0.503, P > 0.05).
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flowers and banded hummingbirds indicates one
difficulty with use of artificial feeders to attract
birds for population studies: there is potential
for competition from natural food sources. In
years with higher floral abundance, numbers of
banded birds are lower, apparently reflecting decreased use of the feeders by birds with nests or
territories at greater distances. Thus, despite a
significant effort at capturing and banding birds
each year, our results are biased by flower availability.
This pattern differs from that observed for nectarivorous honeyeaters by Pyke (1988); he found

manuscript benefitted from suggestionsfrom A. D.
McGuire, C. A. Keams, W. H. Baltosser, and two
anonymous reviewers.
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