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FRONTISPIECE.—Megachile parallela Smith (female) on flower of Helianthus.
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Introduction

The population aspects of bee-flower relation-
ships in the southwestern United States, espe-
cially interspecific competition among pollen-
and nectar-seekers, have been studied for certain
species in such diverse plant groups as the matinal
flowering Camissonia, Cucurbita, Solatium, Cassia,
and Kallstroemia, the late afternoon flowering
Mentzelia, and the evening flowering Oenothera,
where competition is often intense during the
short diurnal blooming period (Linsley, 1978).
Only recently have quantitative data become
available on pollen and nectar utilization among
flower visitors to plants that present nectar and
pollen throughout the day (e.g. Larrea, Hurd and
Linsley, 1975; Clarkia, MacSwain et al., 1973).

Clarification of the roles and competitive rela-
tionships of oligoleges, regular polyleges, and cas-
ual polyleges has provided new insights into uni-

Paul D. Hurd, Jr., Department of Entomology, National Museum of
Natural History, Smithsonian Institution, Washington, DC 20560.
Wallace E. LaBerge, Section of Faunistic Surveys and Insect Identi-

fication, Illinois Natural History Survey, Urbana, III. 61801. E.
Gorton Linsley, Department of Entomological Sciences, University of
California, Berkeley, Calif 94720.

lateral and coevolution in insect-flower relation-
ships. Perhaps the most characteristic and ne-
glected of "all-day" plants in these regards are
the sunflowers {Helianthus spp.), which provide a
continuously favorable environment for pollen-
and nectar-seeking bees, both of which are capa-
ble of providing cross-pollination.

Heiser et al. (1969), in the most recent mono-
graph of North American sunflowers, state that
with the exception of H. agrestis and a certain
cultivated strain of H. annuus, all species of He-
lianthus are self-incompatible and cross-pollina-
tion is obligate, and that no detailed study of
pollinators has been made other than for culti-
vated forms of H. annuus (Free, 1964). These
authors remark, however, that from observations
in the field and in the experimental garden it is
obvious that the principal pollinators are bees,
including the introduced European honeybee.
They note that butterflies visit sunflowers ex-
tremely rarely, and that their occasional visits
have usually been to the pale primrose form (or
strain) of H. debilis ssp. cucumerifolius.

While it is technically true that no detailed
general study of Helianthus pollinators has been

I



SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

made (and this actually applies to the cultivated
strains of H. annuus), several preliminary lists of
sunflower visitors in various parts of the country
have been published (see "Intrafloral Relation-
ships of Bees Associated with Helianthus" herein).
These, along with scattered data in entomological
monographs and local lists, as well as preliminary
samples taken by us in 1973 and 1974, indicated
that quantitative studies on diurnal and seasonal
cycles and interspecific competition among bee
visitors would hold promise of yielding interesting
ecological and evolutionary data.

Reports concerning bees visiting particular spe-
cies of Compositae in the southwestern United
States are very few. Butler, Werner, and Levin
(1966) made twelve locality-month collections in
commercial fields of safflower (Carthamus tinctorius)
in south central Arizona (primarily Tucson and
vicinity) in late May and June. Although they
report finding 40 species of native bees, excluding
parasitic bees (actually, their list includes four
species of cleptoparasitic Sphecodes), they record
the sex of the bees only in the case of Agapostemon
texanus and do not indicate which species were
taking pollen. (In a companion paper, Levin and
Butler, 1966, describe their sampling methods,
times of day and length of the sampling periods).

Although the taxonomic representation among
polyleges partial to safflower is not unlike that
which we have found in the same general area on
Helianthus annuus and Verbesina encelioides, e.g.
mainly halictids (Halictus, Lasioglossum, Evylaeus,
Dialictus, and Agapostemon), megachilids (Ashmea-
diella and Megachile), Anthophoridae {Melissodes,
Anthophora and Xylocopa), and Apidae (Bombus),
the number of consistent visitors to the introduced
safflower is considerably smaller than is usual for
such native composites as sunflowers (Helianthus
spp.), which reach their peak of nectar and pollen
production in the period of July to September.

This project, following the methodology uti-
lized by Hurd and Linsley (1975) in their recent
treatment of Larrea bees, studied the diurnal,
seasonal, and geographical occurrence of the prin-
cipal bees visiting Helianthus. Primary emphasis
was placed on the southwestern United States
from the Upper Rio Grande Valley of New Mex-

ico to the upper Mojave, the Colorado Desert,
and the San Joaquin Valley of California. Spe-
cific objectives of this study were to determine the
extent to which pollinators are specific to, or show
a marked preference for, Helianthus, and to quan-
tify data on interspecific competition among pol-
linators. Cockerell (1914b) has correctly remarked
that male bees visiting sunflowers get covered
with pollen, and must be almost as useful as
females in the pollination of sunflowers. Thus we
have included records of floral visits of male bees
and nectar-seeking females as well as females that
gather pollen.

Unfortunately, the manuscript was completed
before the important and valuable book by Heiser
(1976) entitled The Sunflower was received. Al-
though we have tried to incorporate the findings
reported therein, we have been unable to provide
references to this work as uniformly as that work
deserves. The same is true of Sunflower Science and
Technology edited by Carter (1978).

METHODS OF STUDY.—The chief sources of data
utilized in this study are published records of
North American bees collected at Helianthus flow-
ers, records obtained from specimens in museum
collections, and especially our intensive field sur-
veys and samples of bees at the flowers of Helian-
thus during the years of 1973-1977 in Arizona,
California, and New Mexico. Of the literature
records, we have cited primarily those that can
be interpreted in terms of objectives of the project.
Unfortunately some of these do not indicate
whether or not visitors at the flowers of Helianthus
were actually taking pollen.

Our field surveys and sampling of bees from
Helianthus flowers have been directed primarily at
desert areas in the southwestern United States
and the cismontane areas of California including
the San Joaquin Valley and coastal southern
California. Analyses of data assembled from these
various sources have been accomplished primarily
by mapping and by plotting the frequency of
collection of bees from the flowers of Helianthus in
relation to other plant species and the proportion
of females carrying Helianthus pollen against for-
eign pollens or no pollen at all. Relative frequen-
cies of Helianthus flower records have permitted
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preliminary judgments as to whether the bee
species are pollen specialists (oligoleges) or pollen
generalists (poly leges) and estimates of their prob-
able value as pollinators.

For data extracted from published records and
museum specimens we have used the taxa of
Helianthus as reported by the authors or collectors.
Although H. lenticularis is currently regarded as a
synonym of//, annus (Heiser, 1976), we have listed
data for H. lenticularis separately in Table N and
elsewhere because of the large number of records
published under this name.

SAMPLING PROCEDURES.—Bees visiting sunflow-
ers were sampled in the manner utilized by Hurd
and Linsley (1975) in their study of Larrea bees.
The bees were collected continuously in half-hour
periods, and no bee was taken until it actually
alighted on or was seen to visit a flower. This
tended to result in an under-sampling of males of
oligoleges that patrolled the flower, stopping for
nectar only when it was needed for a fresh supply
of energy. To minimize error in marking collec-
tion vials in the field and in labeling subsequently
mounted specimens, the periods were actually
recorded as 30 minutes each. Each period, how-
ever, started on the hour or half-hour (0600,0630,
etc.) and ended 29 minutes later when vials and
labels were changed (0629, 0659). When the col-
lection records were transcribed for analysis they
were converted to 29-minute periods. Time pe-
riods are reported as Standard Time. Air temper-
atures were taken in the shade and recorded at
the beginning of each sampling period.

The following initials are used in the species
accounts for the principal collectors: Paul D.
Hurd, Jr. (PDH), E. Gorton Linsley (EGL), Juan-
ita M. (Mrs. E. G.) Linsley (JML), A. E. Mich-
elbacher (AEM), and Martha M. (Mrs. A. E.)
Michelbacher (MMM).

In the tables of collections from sampling sites
(Tables A-M in the Appendix) the following ab-
breviations are used: P = carrying Helianthus
pollen in the scopa, N = $ or 6* taking nectar
only, although either may be dusted with Helian-
thus pollen beneath and the female may be carry-
ing pollen from some other plant in the scopa.
Each column is headed with the beginning and

ending time of the sample period and the air
temperature expressed as °C. Observation periods
in which bees in one or another category were not
captured are indicated by a by a dash (-), periods
in which no sampling was attempted, for personal
reasons or for adverse weather conditions, are
indicated by an asterisk (*). Bees sleeping on
flower heads were sampled in comparative but
small numbers, so as not to affect materially
subsequent activity counts. They are not included
in the flower visiting totals. All female honeybees
reported were workers, as were bumblebees unless
otherwise specified.
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the project and to their field efforts, especially
during the sampling program, which provided
much of the basic information on the intrafloral
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Museum of Natural History, New York, for field
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bodied in the data base for "Superfamily Ap-
oidea," Catalog of Hymenoptera in America North of
Mexico (Hurd, 1979).

Principal Sampling and Survey Sites

For our field investigations of the intrafloral
relationships of the bees associated with Helian-
thus, we selected 8 primary study sites for an
intensive sampling and survey program in the
southwestern United States (Tables A-M, in Ap-
pendix). These sites were chosen to represent as
nearly as possible an east-west transect extending
from western New Mexico across Arizona into
cismontane southern California with this western
terminus expanded northward into the Mojave
Desert and the Great Valley of California (San
Joaquin Valley).

These primary study sites and some others
chosen at random in Arizona and California are

grouped for discussion in this section into regions
largely on the basis of ecogeographic similarities.
The regions are arranged sequentially from east
to west within each of the four major subdivisions
of the total area studied: Chihuahuan Desert,
Sonoran Desert, Mojave Desert, and cismontane
California. In Table 1 we have listed those regions
where time counts were made (Tables A-M) and
have tabulated by study sites the numbers of
specimens taken at these sites.

Summarized in Table 2 are the numbers of
individuals for each of the 17 commonest pollen-
collecting species of bees that were taken during
our surveys at the primary sampling and survey
sites in New Mexico, Arizona, and California
(Tables A-M). From the foregoing it is readily
apparent that the 17 commonest species of He-
lianthus bees (9036 specimens) represent more
than 90 percent of the total specimens of bees
(9964) obtained in the time counts during our

TABLE 1.—Number of specimens collected in primary surveys, arranged by
regions and study sites

Regions and study sites Females Males Totals

Vargus Valley, New Mexico
Silver City (Table A)

Animas Valley, New Mexico
Animas (Table B)

San Simon Valley, New Mexico
Rodeo (Table C)

Sulphur Springs Valley, Arizona
Double Adobe (Table D)

San Pedro River Valley, Arizona
Benson (Table E)

Coachella Valley, California
Indio (Table F)

Owens Valley, California
Bishop (Table G)

San Joaquin Valley, California
Corcoran (Table H)
Madera (Tables I K )
Merced (Table L)
Escalon (Table M)

Totals

122

1973

251

645

150

587

1371

445

102

169

124

2291

555

757

87

759

24

508

588

165

109

333

140

2158

677

2730

338

1404

174

1095

1959

610

211

502

264

5149

5939 4025 9964
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TABLE 2.—Number of specimens of 17 commonest pollen-collecting species of bees taken at

survey sites

Species

Females

{pollen) {nectar) Males

Number

Total of

specimens sites

Diadasia enavata

Melissodes agilis

Svastra obliqua

Svastra machaerantherae

Megachile parallela

Halictus ligatus

Melissodes tristis

Nomia heteropoda

Bombus pennsylvanicus sonorus

Agapostemon angelicus

Megachile inimica

Melissodes lupina

Pseudopanurgus aethiops . . . .

Andrena accepta

Melissodes submenuacha . . . .

Melissodes montana

Megachile policaris

Totals

1333

690

775

291

332

220

6

122

32

101

59

27

22

34

30

23

4

4101

200

176

130

80

192

38

22

14

106

35

69

57

7

3

4

1

9

1143

1270

1061

295

299

42

195

247

114

45

24

6

8

61

34

28

34

29

3792

2803

1927

1200

670

566

453

275

250

183

160

134

92

90

71

62

58

42

9036

7

13

10

4

10

12

5

4

13

4

4

5

5

6

3

5

4

13

sampling program at the eight primary study
sites (Tables A-M).

The following accounts briefly characterize by
regions, proceeding generally from east to west,
the principal sampling and survey sites of our
field program.

CHIHUAHUAN DESERT

Vargus Valley: Silver City, Grant County, New
Mexico (Table A). Located approximately 90
km northeast of Deming, this one time gold,
silver, and zinc mining town is now a flourishing
city and trading center for cattle ranching and
copper mining. Our samples were taken at an
elevation of 1798 m, 8 km northwest of the city
in a roadside ditch where a dense stand ofHelian-
thus petiolaris was growing. Broken skies and after-
noon rains inhibited sampling on the two days
available, 11-12 September 1974. Only 174 bees
were collected in nine half-hour counts between
0730 and 1600 hrs conducted when conditions
were satisfactory for bee activity. The sample,

nevertheless, included 26 species of bees, of which
103 were females taking pollen. The most prom-
inent among these were Megachile inimica (which
represented 40 percent of all the pollen collectors),
M. parallela (15 percent), Melissodes montana (12
percent), Megachile agustini (7 percent), Melissodes
sonorensis (6 percent), Syntrichalonia exquisita (4 per-
cent), and Svastra obliqua (4 percent). Only 3 fe-
male Melissodes agilis were captured and none was
taking pollen. This fact and the presence of rela-
tively few Svastra obliqua suggest that either the
season was just starting or that these species prefer
Helianthus annuus, which was present in several
areas in the vicinity of the city but was not yet in
bloom.

Animas Valley: Animas, Hidalgo County, New
Mexico (Table B). A small town in an agricul-
tural community in the Animas Valley just east
of the Pelancillo Mountains, at an elevation of
1341 m. Twenty-six half-hour samples were taken
from Helianthus annuus near the edge of the town
along the western shoulder of the highway head-
ing northward to Cotton City. The counts were


