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Abstract approved 

Heterostylum robustum (Osten Sacken) is the principal parasite 

of the alkali bee, Nomia melanderi Ckll., one of the most efficient 

pollinators of alfalfa in the western United States. 

The purpose of the study was to determine the incidence of 

parasitism and to investigate the biology of H. robustum. 

The fly overwinters as a mature larva, pupating in the spring in 

a cell just beneath the soil surface. The mature pupa moves to the 

surface, the adult emerges, and the fly leaves to mate and forage. 

Mating takes place at or near the host nesting site. The adult feeds 

almost exclusively on alfalfa nectar. Eggs are deposited near or into 

bee nests by the hovering female. Larval development proceeds 

through three instars including an active first instar or planidium, 

which must implant upon the host. Egg laying potential is estimated 

to be an average of 300 eggs per female per day. The incubation 

period averaged 9. 5 days under simulated nest conditions in the lab- 

oratory. 

Percentages of parasitism by the fly in Oregon varied from less 



than one percent to nearly 70 percent, averaging eight to ten percent. 

Factors adversely affecting the survival potential of the parasite are 

inability of the planidium to contact a host; dessication of and external 

damage to the ova; predation by native birds; heavy host -flight activity; 

effect of freezing temperatures on overwintered larvae; and inaccessa- 

bility of bee holes to ovipositing females. Other factors in favor of . 

the host include extensive area of the nesting site and recently estab- 

lished bee beds. 

A literature search and correspondence with specialists were 

conducted to establish the taxonomic position and distribution of 

H. robustum. Sections on "description" and "methods and apparatus" 

are included. Comparisons and contrasts to related taxa and obser- 

vations by other workers are mentioned where pertinent. An adden- 

dum, which covers work done since the study was completed to date, 

follows the main text. - 



STUDIES ON HETEROSTYLUM ROBUSTUM (OSTEN SACKEN) 
(DIPTERA:BOMBYLIIDAE), A PARASITE OF 

NOMIA MELANDERI 

by 

RICHARD KEITH EPPLEY 

A THESIS 

submitted to 

OREGON STATE UNIVERSITY 

in partial fulfillment of 
the requirements for the 

degree of 

MASTER OF SCIENCE 

August 1963 



APPROVED; 

Associate Professor of Entomology 

In Charge of Major 

Chairman of Department of Entomology 

Dean of Graduate School 

Date thesis is presented JULY Ï 1I(173 

Typed by Joan Shaw 



ACKNOWLEDGEMENTS 

I wish to express my sincere appreciation to the following per- 

sons for their assistance during the course of study and preparation 

of this thesis: 

To my major professor, Dr. W. P. Stephen, for guidance, ad- 

vice, and helpful suggestions throughout the period of study and pre- 

paration of the manuscript. 

To Dr. P. O. Ritcher, Chairman, Department of Entomology, 

Oregon State University, and Mr. J. D. Lattin, Assistant Professor, 

Department of Entomology, for their unselfish giving of time, bene- 

fits of experience and for making department facilities known and 

available. 

To Dr. C. H. Martin, Professor of Entomology, Oregon State 

University, and Mr. J. Franklin Howell for critical reading of the 

manuscript. 

To the following bombyliid specialists for distributional and 

taxonomic information on Heterostylum robustum: Mr. J. C. Hall, 

Department of Biological Control, Citrus Experiment Station, River- 

side, California (who also supplied determination of H. robustum) ; 

Dr. R. H. Painter, Professor of Entomology, Kansas State Univer- 

sity; and Mr. D. E. Johnson, University of Utah. 

To others working on alkali bee projects in the United States, 

who willingly supplied useful information, especially Dr. K. E. Frick, 

Dr. G. E. Bohart, Mr. W. P. Nye, and Mr. Glenn Hackwell. 



To curators of the many entomological museums in the United 

States and Canada who supplied distributional information on Nomia 

melanderi and H. rohustum. 

And finally to the Graduate Council of Oregon State University 

for permission to pre -publish certain portions of this thesis. 



TABLE OF CONTENTS 

Page 

INTRODUCTION 1 

Taxonomic Position 3 
Distribution 4 

DESCRIPTION 
Adults 

Female 
Male 
Eggs 

Immature Stages 
First Instar 
Second Instar 
Third Instar 

Spiracular morphology 
Head and mouthparts 

Pupae 

7 

7 

7 

9 

9 
9 

10 
10 
10 
13 
17 
18 

BIOLOGY 
. 

Methods and Apparatus 21 
Life History and Habits 24 

Emergence 24 
Mating 29 
Adult Feeding Habits 30 
Oviposition 30 
Egg Laying Capacity 33 
Incubation 35 
Larval Activities 39 
Ove rwinte ring 45 

Natural Control of H. robustum 47 
Factors in Extent of Parasitism 50 

ADDENDUM 54 

BIBLIOGRAPHY 58 

ADDENDUM BIBLIOGRAPHY 61 



LIST OF FIGURES 

1. Distribution of Heterostylum robustum (Osten Sacken). 

2. Heterostylum robustum (Osten Sacken): A, teneral male, 
dorsal view; B, teneral female, dorsal view; C, eggs, 
greatly enlarged. (Original photos by W. P. Nye, U. S. 
Bee Culture Lab., Utah State University, Logan, Utah). 

3. Heterostylum robustum (Osten Sacken): lateral view of 
first instar larva; average length extended and excluding 
anal setae -- 1.2 mm, anal setae -- .44 mm, thoracic 
setae -- .11 mm. 

Page 
5 

8 

4. Heterostylum robustum (Osten Sacken): lateral view of 
second instar larva; average length -- 8. 3 mm. (separa- 
tion of cuticle apparently due to onset of ecdysis and sub- 
sequent shrinkage of body in 70% alcohol). 12 

5. Heterostylum robustum (Osten Sacken): lateral view of 
early third instar larva; actual length 1.4 cm. 14 

6. Heterostylum robustum (Osten Sacken): lateral view of 
mature third instar larva; extended length 2. 0 cm. 15 

7. Spiracular morphology of third instar larva: Heterostylum 
robustum (Osten Sacken), A, prothoracic spiracle, C, pos- 
terior spiracle on eighth abdominal segment; Systoechus 
vulgaris Loew, B, prothoracic spiracle, D, posterior 
spiracle. 

8. Head and mouthparts of third instar larva: Heterostylum 
robustum (Osten Sacken), A, anterior view, C, lateral. 
view; Systoechus vulgaris Loew, B, anterior view, D, 
lateral view. (an, antenna; ca, cardo; mh, mouth- 
hook; lr, labrum; mp, maxillary palp; pa, parietals; st, 
stipes). 

9. Heterostylum robustum (Osten Sacken): A, pupa, male; 
B, development of mature larva (extreme left) to prepupa 
and pupa, showing aging effect to pupa immediately prior 
to emergence of adult (extreme right). 

16 

19 

11 

-- 

-- 



10. Rearing chamber used for rearing and observation of 
Heterostylum robustum (Osten Sacken); shown actual size, 
A, top view; B, side view. 

11. Emergence pattern of Heterostylum robustum (Osten Sacken) 
and Nomia melanderi Ckll. , Adrian -Nyssa region, Malheur 
Co. Oregon, 1957. (Data are from a single emergence cone, 
but reflect the general seasonal pattern.) 

12. Emergence pattern of Heterostylum robustum (Osten Sacken) 
and Nomia melanderi Ckll. , Adrian -Nyssa region, Malheur 
Co. , Oregon, 1958. (Data are from a single emergence cone, 
but reflect the general seasonal pattern.) 

13. Diagrams showing alkali bee tunnel construction and location 
of recovered H. robustum eggs; all diagrams cross - section, 
lateral view: A, complete alkali bee nest with characteristic 
terminal cell - cluster; B, C, D, other variations. 

14. Heterostylum robustum (Osten Sacken): intermediate flattened 
form. (original photo by W. P. Nye, U. S. Bee Culture 
Lab., Utah State University, Logan, Utah). 

Page 

22 

27 

28 

36 

43 



LIST OF TABLES 

1. Ova potential per female (1958); Heterostylum robustum 
(Osten Sacken). 

2. Incubation study (1958) Heterostylum robustum (Osten 
Sacken). 

3. Cold -hardiness study (1958); Heterostylum robustum 
(Osten Sacken), 

4. Parasitism by Heterostylum robustum (Osten Sacken) 
on Nomia melanderi Ckll. (Samples were taken from 
each bee -bed in areas showing heaviest bee activity the 
previous year). 

Page 

34 

38 

49 

51 



STUDIES ON HETEROSTYLUM ROBUSTUM 
(OSTEN SACKEN) (DIPTERA : BOMBYLIIDAE), 

A PARASITE OF NOMIA MELANDERI 

INTRODUCTION 

The alkali bee, Nomia melanderi Cockerell (Hymenoptera: 

Halictidae), is the most efficient pollinator of alfalfa in Oregon, , Wash- 

ington, Idaho, Utah, Wyoming and California. Large numbers of these 

bees in the vicinity of alfalfa fields account for the consistent high 

seed yields in certain areas of Malheur and Umatilla Counties, Oregon; 

Walla Walla and Benton Counties, Washington; Ada, Owyhee, Canyon, 

Gooding, Twin Falls, Jerome, and Cassia Counties, Idaho; Millard 

County, Utah; and the Riverton area of Wyoming. Yields of 1000 to 

1500 pounds of clean seed per acre are common where large alkali 

bee populations are present. 

The adult bee is smaller, more slender, and more elongate than 

the. honeybee. Both sexes are distinctively marked by metallic blue, 

green, bluish -green, or yellowish -green transverse bands on the apex 

of each metasomal tergum. The species is sexually dimorphic. The 

antennae of the male are twice the length of those of the female, and 

there are prominent yellow -white lobes on the anterior margins of the 

metatibiae of the male. 

The species is solitary, that is, each female constructs and pro- 

visions her own nest, and gregarious, forming large aggregations 

where environmental conditions are favorable. Factors limiting the 



size of bee populations include the availability of an adequate pollen 

source and the presence of soils suitable for nesting. More detailed 

information on the habits and nesting sites of the alkali bee is provided 

by Bohart (2; 3), Bohart and Cross (4), and Stephen (31). 

The alkali bee is attacked by a number of predators and para- 

sites, the most important parasite being the bee -fly, Heterostylum 

robustum (Osten Sacken). Bohart (5, p. 425) reports parasitism by 

H. robustum can be sufficiently severe to be a threat to successful 

bee propagation. He states tnat large aggregations of alkali bees have 

been reduced to an insignificant level by H. robustum in Utah. 

Literature on the biology of H. robustum is limited and has 

appeared only within the last ten years (2; 5; 31). The earlier works 

were devoted to description and taxonomic history (18; 22; 23; 24; 26; 

32). Biological literature on the entire family Bombyliidae is rela- 

tively sparse and widely scattered in both domestic and foreign 

journals. 

The purpose of this study was to determine the incidence of 

parasitism by H. robustum and to investigate its biology as an ap- 

proach to the establishment of effective control of the parasite. Field 

work was conducted in the alfalfa growing regions of Malheur and 

Umatilla Counties of Oregon during the summer months of 1957 and 

1958. Laboratory and greenhouse work was done at the Malheur 
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Branch Experiment Station during the summer and in Corvallis during 

the winter. 

Taxonomic Position 

Heterostylum robustum was first described as Comastes 

robustus by Osten Sacken (23, p. 256 -258) in 1877 from a single female 

taken at Waco, Texas. Osten Sacken split the genus Comastes from 

the pre- existing genus Bombylius on the basis of its emarginate eyes, 

a broader head and a "peculiar punctiform contact of the second sub- 

marginal cell with the first submarginal cell" (6, p. 229; 32, p. 215). 

Loew had noted earlier that the distinct emargination of the eyes could 

constitute the basis for a new genus (22, p. 151). 

Osten Sacken later noted that his genus Comastes was the same 

as Heterostylum, described in 1830 by Macquart, and that the principal 

character upon which the name Heterostylum was based was the appar- 

ent pubescence of the third antennal segment. After examining the 

type specimen, Osten Sacken stated that the pubescence did not exist 

and what MacQuart called pubescence was in reality dust. From this 

observation Osten Sacken held that the name Heterostylum must be 

invalidated (22, p. 151). Although MacQuart's description was not 

morphologically accurate, the name Heterostylum cannot be invalidated. 

Other characteristics, especially the uniqueness of the antennal style, 

are sufficiently distinct to justify retention of MacQuart's name for 

3 
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the genus, placing Osten Sacken's name Comastes into synonymy 

(6, p. 230). 

The genus is in need of revision and several dipterists, including 

D. E. Johnson (15) and J. C. Hall (14), believe that at least two 

species of fly may be involved. 

Distribution 

The species is found in the Pacific and Rocky Mountain states 

and the southern Great Plains. Its range extends from central Wash- 

ington in the north through parts of Oregon, Idaho, California, Nevada, 

Utah, Arizona, and down into Baja California and the western coast of 

Mexico. Although collection records from Arizona are numerous, no 

records are available from northern Mexico other than in the area 

about the Gulf of California. East of the Rocky Mountains the species 

is reported from southern Nebraska, south to the Rio Grande River. 

Painter (24) reports the species from Mississippi County, Arkansas; 

Clarksdale, Mississippi; and Oglethorpe, Georgia, the easternmost 

record (Figure 1). 

Since the range of Nomia melanderi is restricted to the Rocky 

Mountains and west, H. robustum must successfully parasitize other 

species of bees. Frick (12) reports a specimen of H. robustum in the 

Washington State University collection taken east of Denver, Colorado, 

and labeled as a parasite of Nomia bakeri Cockerell. In Utah it has 



Figure 1. Distribution of Heterostylum robustum (Osten Sacken). 
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been seen to deposit eggs in a small colony of nests of Halictus 

rubicundus Christ, from which first and third instar fly larvae were 

taken later (5, p. 426). Larvae have been observed developing in cells 

of Nomia triangulifera Vachal, Nomadopsis anthidius Fowler, and 

Nomadopsis scutellaris Fowler (5, p. 426). 

6 
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DESCRIPTION 

Adults 

Female 

Following is the description of the adult female by Osten 

Sacken (23, p. 257) as it appears in the 1877 publication. 

"Comastes robustus n. sp. , -- Ground color of the head 
grayish white, yellowish round the mouth, densely clothed 
with pale yellowish -white pile, more yellow on the front; a 
tuft of black pile on the ocellar tubercle. Antennae black; 
first joint grayish -pruinose. Palpi reddish, second joint 
brownish. Proboscis black. The dense pile on the vertex 
is yellowish above, whitish below. The grayish -black ground 
color of the thorax is almost concealed on the dorsum by a 
dense, short, erect clothing of fulvous pile; on the pleurae, 
a tuft of whitish - yellow hair; that on the chest almost white. 
Scutellum reddish, with fulvous pile and some black bristles 
along the edge. Abdomen blackish gray; second segment with 
a short, appressed tomentum, forming a yellowish white cross 
band; the remaining segments, beginning with the posterior 
margin of the second, are covered with long semi - erect, 
black pile, across which, in the middle of the abdomen, there 
is a triangular figure formed by similar pile, but white; the 
apex of the white rests on the hind margin of the second segment; 
the oblique stripes of white pile, forming the sides of the 
triangle, run downward toward the venter; the inner side of 
the triangle is filled, partly with white pile, the latter chiefly 
occupying the end of the abdomen; the venter is clothed 
anteriorly with white; posteriorly with black pile. Legs 
reddish; tarsi darker; hind tibiae and tarsi reddish- brown. 
Knob of halteres yellow. Wings grayish hyaline; base as far 
as the basal cross veins brownish; costal cell pale yellowish. 
Length 11 -12 mm. "(Figure 2B) 



Figure 2. 
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Heterostylum robustum (Osten Sacken): A, teneral male, dorsal view; B, teneral female, 
dorsal view; C, eggs, greatly enlarged. (original photos by W. P. Nye, U. S. Bee Culture 
Lab., Utah State University, Logan, Utah). 
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Male 

Similar except head narrower than thorax and not as broad as 

head of female; eyes holoptic, while being dichoptic in the female 

(22, p. 151; Figure 2A). 

Eggs 

Average length 1.2 mm; diameter 0.7 mm; oblong, tapering 

slightly at each end; chorion smooth, whitish with iridescent reflec- 

tions; when freshly laid covered with mucilaginous coating to which 

soil particles adhere (Figure 2C). 

Immature Stages 

Larval stages of H. rob,ustum exhibit marked hypermetamor- 

phosis, a characteristic of all members of the Bombyliidae, which 

enables the fly to survive the varied environmental pressures from one 

stage of development to the next. The active planidia provide motility 

to the immature stages and permit searching for a host as a food 

source. 

Bombyliids usually have three larval instars but it has been 

suggested that H. robustum may have four (see page 42). This would 

not be unique since four larval instars have been reported for the 

bombyliid, Spogostylum anale Say, by Shelford (30, p. 219). Since 
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conclusive evidence for four instars is not available for H. robustum 

only three larval stages are here reported. 

First Instar. 

Average length 1. 2 mm; body slender, planidiaform, whitish to 

grayish- white. Head small, heavily sclerotized with numerous setae 

and strong mouth hooks, head bearing eight pairs of setae. Body with 

12 segments; each thoracic segment bearing a single pair of long, 

slender bristles ventrolaterally; abdominal segments 2 -6 bearing 

small paired fleshy protuberances ventrally near posterior margins; 

segment 7 unadorned; segment 8 bearing a ventral pair of more promi- 

nent projections directed anally; ultimate segment bearing a pair of 

long curved caudal bristles. Metapneustic (Figure 3). 

Second Instar 

Average length 8. 3 mm (extended); body elongate, slightly 

flattened ventrally and curved; more nearly rounded in cross - section 

than preceding stage; segments smooth, soft, no bristles or 

tubercles; color whitish, translucent with numerous opaque white fat 

bodies apparent in abdomen. Amphipneustic (Figure 4). 

Third Instar 

Average length 20 mm (extended); body flattened ventrally, 



Figure 3. Heterostylum robustum (Osten Sacken): lateral view of 
first instar larva; average length extended and excluding 
anal setae 1. 2 mm, anal setae .44 mm, thoracic 
setae . 11 mm. 
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Figure 4. Heterostylum robustum (Osten Sacken): lateral view of 
second instar larva; average length 8. 3 mm. (separa- 
tion of cuticle apparently due to onset of ecdysis and sub- 
sequent shrinkage of body in 70% alcohol). 
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C- shaped, abdominal segments 3 and 4 widest, integument leathery, 

wrinkled, yellowish -tan in color. Head capsule prominent, heavily 

sclerotized, with six pairs of bristles. Each thoracic segment with 

one pair of freely articulating bristles on ventro- lateral margins; - 

each body segment bearing transverse ring of flat, wartlike areas; 

caudal segment bearing 13 similar more prominent protuberances, 

bristles bristles lacking. Amphipneustic (Figures 5 and, 6). 

Spiracular morphology. There are some striking differences in 

spiracular structure between the last larval instars of H. robustum and 

of Systoechus vulgaris Loew. As there is no information on this mor- 

phological feature the contrasts are described here for the first time. 

Berg (1) describes the prothoracic spiracle of S. vulgaris as 

an ". . . outer sclerotized band, several rows of short, horizontal 

tubes, and central, circular, sclerotized structure, whole surrounded 

by circle of membrane; sclerotized band consisting of varying numbers 

of loops . . " (1, p. 175). In a diagram of the spiracle, the outer 

sclerotized band appears as a semicircle about the tracheal opening 

and central, circular sclerotized structure (Figure 7B). 

The general pattern of the prothoracic spiracle of the third instar 

of H. robustum is similar to that of Systoechus vulgaris, but there are 

a number of minor differences in the sclerotized band. The outer 

sclerotized band forms a complete circle and is composed of a series 

of connected, pyriform, flask -like structures from which the tracheal 

. 
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Figure 5. Heterostylum robustum (Osten Sacken): lateral view of 
early third instar larva; actual length -- 1.4 cm. 
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Figure 6. Heterostylum robustum (Osten Sacken): lateral view of 
mature third instar larva; extended length -- 2. 0 cm. 
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Figure 7. Spiracular morphology of third instar larva: Heterostylum 
robustum (Osten Sacken), A, prothoracic spiracle, C, 
posterior spiracle on eighth abdominal segment; Systoechus 
vulgaris Loew, B, prothdracie- spiracle,.: D,- posterior 
spiracle. 
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tubes protrude. The central, circular, sclerotized structure is pre- 

sent and additional "tubes" project into the recess of the spiracular 

opening. A circle of membranous tissue surrounds the entire struc- 

ture (Figure 7A). 

The posterior spiracle of S. vulgaris is described by Berg as 

being ".... similar to prothoracic spiracles but sclerotized band with 

fewer loops and three small sclerotized rings in membrane behind" 

(1, p. 75; Figure 7D). 

The posterior spiracle of H. robustum appears similar to the 

prothoracic spiracle except that the outer sclerotized band does not 

form a complete circle, and there are the three small sclerotized 

rings in the surrounding membranous tissue. The arc formed by the 

outer sclerotized band is almost complete in H. robustum while that 

of S. vulgaris is very incomplete (Figures 7C, 7D). The pyriform, 

flask -like structures from which the tracheal "tubes" protrude are 

apparent. 

Head and mouthparts. The mature larval heads and mouthparts 

of the two species are strikingly similar and differences are confined 

to those of dimensions of the stipes and shape of the labrum. In 

H. robustum the stipes is twice as long as broad in frontal aspect, 

while in S. vulgaris the stipes is about equally as long as broad. In 

H. robustum the labium is truncate dorsally and ventrally in lateral 

aspect as opposed to that of S. vulgaris which is rounded dorsally and 
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pointed ventrally in lateral aspect (Figure 8) . 

Pupae 

Average length 15 mm; exarate, white when first formed, turn- 

ing yellowish -brown in two or three days to dark brown in about ten 

days. Head crown of six paired, heavily sclerotized, caudally curved 

spines, middle pair bifurcated; stipes prominent, more weakly sclero- - 

tized than mandibles. Each wing with pair of small hooklets at base. 

Abdominal terga 2 -7 with transverse semicircle of alternating hooks 

and bristles; caudal segment with pair of long spines apically and 

several shorter, blunt spines dorsally. Spiracles present on pro - 

thorax and abdominal segments 1 -7 (Figure 9). 

These specialized features of the pupa are taken to be adapta- 

tions to peculiar pre -imaginal habits of the family. Notable among 

these adaptations are the array of stout head spines and caudal spines, 

instrumental in soil displacement and subsequent movement upward 

from the larva's overwintering cell to the soil surface in the spring. 
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Figure 8. Head and mouthparts of third instar larva: 
Heterostylum robustum (Osten Sacken), A, 
anterior view, C, lateral view; Systoechus 
vulgaris Loew, B, anterior view, D, lateral 
view. (an, antenna; ca, cardo; mh, mouth - 
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Figure 9. Heterostylum robustum (Osten Sacken): A, pupa, 
male; B, development of mature larva (extreme 
left) to prepupa and pupa, showing aging effect to 
pupa immediately prior to emergence of adult 
(extreme right). 
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BIOLOGY 

Methods and Apparatus 

In the study of any parasitic association many problems arise 

that would not appear in the study of free - living organisms. Usually 

the parasite's activities are conducted in clandestine locales, making 

observations difficult under natural conditions and equally difficult to 

simulate in the laboratory. Consequently, the information included 

herein is based principally on field studies, supplemented by labora- 

tory experiments. Most of the data were obtained by direct observa 

tion. 

A chamber was developed to permit laboratory observations. 

This apparatus consisted of a round tin box three inches in diameter 

and one inch deep filled with plaster -of -paris into which four glass 

tubes two and one half inches long and one fourth inch diameter were 

vertically inserted before the plaster was set. These were placed in 

appropriate temperature cabinets and moisture levels maintained by 

adding water to the plaster surface as needed (Figure 10). 

To reduce contamination by microorganisms the apparatus was 

sterilized in an oven and one fourth inch of sterile soil placed in the 

bottom of each tube. One host and one parasite were then inserted 

into each tube which was plugged with sterile cotton. By this means 

it was possible to offer protection from fungi while approximating the 

. 



Figure 10. Rearing chamber used for rearing and observation of 
Heterostylum robustum (Osten Sacken); shown actual 
size, A, top view; B, side view. 
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environmental conditions in the bee cells. 

Field samples of emerging bee and fly adults were taken during 

the 1957 and 1958 seasons to determine daily and seasonal emergence 

patterns. Two types of emergence traps were used. One consisted of 

an aluminum cone approximately two and one half feet in diameter and 

three feet high. At the top of the cone a three and one fourth inch 

opening was covered with cheesecloth held in place by a rubber band. 

The other type was a large frame cage, three feet square and two feet 

high, covered with fine mesh plastic screening. In 1957 both types 

were placed on sites known to have been heavily parasitized the year 

before and counts were taken daily during the season. Adults that 

emerged into the frame cages were more active and difficult to count 

and tended to crawl back into emergence holes before counts could be 

made. Since these problems were not encountered with the use of the 

aluminum cones, only the latter were used in 1958. 

Data on the incidence of parasitism by the bee -fly were obtained 

by sampling the nesting area in the fall after nesting had ceased. 

Samples consisting of soil cores 11 inches in diameter and 12 inches 

high were taken to the laboratory and stored at 30° - 31 °F. They were 

later examined for numbers of bees and parasites. Some of the cores 

were placed in greenhouse "bee beds" where additional studies were 

made on the effects of moisture and temperature on bee and fly popu- 

lations. Flies and bees were permitted to emerge directly from the 
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soil core into a smaller frame cage 12 inches square and 17 inches 

high covered with 32 mesh plastic screening. 

Life History and Habits 

Emergence 

With the onset of warmer weather and the drying of the soil, the 

mature larva pupates in its overwintering cell and the pupa begins to 

migrate toward the surface. 

Emergence began in the morning shortly after the first rays of 

the sun would strike the ground, . and continued until about 1 PM with 

the peak about 9 AM. In an area of heavy infestation newly emerged 

flies were observed as numerous as 12 to 15 per square yard every 

day during peak emergence. 

The pupa accomplishes upward migration by embedding the hooks 

of the head capsule into the soil above and with circular motions of 

the abdomen it effectively displaces soil particles from its path, filling 

and packing soil behind as it moves toward the surface. The pupa 

breaks through the surface crust and continues upward by a rotating 

peristalsis -like flexure of the body until head, thorax, and often a few 

segments of the abdomen are exposed. The anal end is left firmly in- 

serted in the exit hole. The caudal spines become embedded in the 

soil serving as an anchor and point of leverage in efforts of the adult 

- 
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fly to free itself from the pupal case. 

Kunckel d'Herculais (16, p. 1624) describes the method by 

which Systropus (Bombyliidae) emerges from the host cocoon, stating 

that the ability to fill the digestive tract with air along with muscular 

action, enables the pupa to compress the blood of the haemocoel into 

the upper or lower body regions. The exertion of differential pressure 

results in movement of the head crown of spines. He states this is 

the same process which facilitates metamorphosis and egg laying. 

Considering the similarity of Systropus and H. robustum a like pro- 

cess may provide the means by which the Heterostylum pupa breaks 

forth from its overwintering cell and moves to the soil surface in the 

spring. 

Soon after the upward motion of the pupa ceases, the pupal case 

ruptures along the dorsal midline of the thorax. The split extends 

from the base of the head to the scutellum, the adult fly forcing its 

way out by alternate contractions and relaxations until only the anal 

portion of the abdomen remains in the case. The fly rests momentar- 

ily at this point while the mouthparts and legs are extended away from 

the body and allowed to strengthen. Then it begins kicking the legs 

violently, pushing away, dropping the front and middle legs onto the 

ground while kicking free of the case with the hind legs. The entire 

process takes no more than five or six minutes. After freeing itself 

the fly crawls along until it encounters a clod of dirt or stem onto 
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which it will climb and remain head uppermost. As the wings expand 

and harden, drops of fluid are released from the anus. The wings 

become dry enough to permit flight within five to ten minutes, 

The influence of climate is apparent in the differences in bee and 

fly emergences recorded in 1957 and 1958 on sites having comparable 

exposure and soil conditions. In 1957 the flies began to emerge on 

June 28, peaked July 8, and ceased during the first week in August. 

Bee emergence began June 29, peaked July 19 and terminated in late 

August. However, in 1958, the winter was much milder and late 

spring rains were minimal. First flies appeared on June 4, the peak 

was reached on June 16, and emergence was over by late July. Bee 

emergence was likewise earlier in 1958, with peak population recorded 

on July 5, but again lagged considerably behind that of the flies. 

Peak adult emergence occurred within a two to three week period 

in 1957 and 1958 (Figures 11, 12). A relatively small percentage of 

total adult population emerged after this time (usually late July and 

early August). These later maturing individuals apparently resulted 

from those larvae which overwintered at the level of the bee cells, 

caught there the previous fall with the advent of coolertemperature. 

These larvae must move upward the next spring before pupating, thus 

accounting for the delay. This segment of the adult population proba- 

bly represented successful development of eggs laid late in the season 

the previous summer. 
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(Data are from a single emergence cone, but reflect the general seasonal 
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gence cone, but reflect the general seasonal pattern.) 
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Mating 

After the wings had dried, the fly moved about in the immediate 

vicinity of the nesting site or in nearby alfalfa fields where mating 

activities occurred. 

Mating "lanes" have been observed -along the edges of bee sites. 

Here males hovered three to four feet over the ground, waiting for the 

appearance of females. Although mating appeared not to be restricted 

to these "lanes ", it is the feeling of the writer that sufficient observa- 

tional evidence to substantiate a specific mating area has been appar- 

ent in at least two cases. In 1958 mating behavior could be reliably 

observed at will at predetermined sites near two of the most populous 

alkali bee beds in the Adrian -Nyssa area of Oregon. 

Copulating pairs have been observed on alfalfa and alkali weed 

and will take to flight when disturbed, remaining in copula. Linsley 

and MacSwain (17, p. 411) report a similar behavior for Anthrax sp. 

Males have been seen to mate with newly emerged females not yet 

capable of flight. 

Bohart (5, p. 435) describes a copulation observed in Utah in 

the following manner -- "... the female was holding onto an upright 

stem with all three pairs of legs. Her body was inclined away from 

the stem at about 45 degrees. The male was facing away from the 

female with his body nearly horizontal and the tip of his abdomen bent 
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upward to make contact at the proper angle. The female was motion- 

less with her wings extended posteriorly in a resting position, but 

the male held his wings outstretched and intermittently fluttered them 

slightly. This mating was observed to last for 15 minutes, but the 

beginning of contact was not seen." 

Adult Feeding Habits 

The adult bee -fly appeared to feed almost exclusively on alfalfa 

(Medicago sativa) nectar, indicating even more conclusively the close 

association between host and parasite. It has been observed taking 

nectar from sweet clover (Me lilotus sp.) and may depend upon other 

related plant species where these two species are not abundant. It 

has never been observed to "trip" (mechanism associated with polli- 

nation) alfalfa florets since its habit is to sip nectar through its long 

feeding tube while hovering in front of the blossom. This foraging 

habit is also typical of Bombylius but not of the short tongued 

Bombyliidae (8, p. 376). 

Ovipo s ition 

At least two days elapse from the time the adult female fly 

emerges from the pupal case until the oviducts are sufficiently hard- 

ened and eggs matured for deposition, Females of varying ages -- 

newly emerged to three days old -- were examined in order to 
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determine maturity of ova and oviducts. Fully formed eggs were not 

detected in individuals less than two days old. 

The female parasites engage in ovipositing activities during the 

early part of each day. Their presence may be readily detected by 

the high -pitched whine of the wings at the nesting site. The daily 

flight period lasts from about 9 AM to about 2 PM after which they 

take shelter in surrounding vegetation. The most active period is 

just prior to noon. Greenhouse observations indicate a negative pho- 

totaxis in which the flies seek obscure hiding places in late afternoon 

and evening. 

Characteristic oviposition attitude finds the female fly hovering 

one half inch or so above the ground with hind legs extended behind 

and above the abdomen. Apparently the appearance of any hole or 

crack in the ground serves as sufficient stimulus to elicit the egg lay- 

ing response. This observation was also made by Shelford (30, 

p. 215). 

They will dip downward toward the hole and give the abdomen 

a brisk downward "flick ", often touching the hind tarsi to the ground 

in the process. It is at this time that the egg is released. Soil par- 

ticles are often displaced by the air currents set up by the wings of 

ovipositing females. 

After the egg is discharged, the female will hover for a second 

or two, repeat the process over the same hole, or move on to another 
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hole. A single female has been observed to deposit four or five eggs 

in a single hole, although the general rule seems to be one egg per 

hole on a good bee site during the active period. 

H. robustum differs from certain bombyliids that parasitize 

ground nesting bees, in that it never lands while ovipositing. Anthrax 

clings to the burrow entrance of Chalicodoma bees, laying its eggs 

by pressing the tip of its abdomen against the soil, while Bombylius 

usually hovers over the nest of its host but frequently lands and 

appears to lay some eggs while on the ground (5, p. 429). Eggs of 

Argyramoeba (Anthrax) trifasciata Meigen are deposited on or near 

the cell of the host while the female is in flight, the tip of the abdo- 

men actually coming in contact with the ground (9, p. 654). Accord- 

ing to Shelford (30, p. 215), Spogostylum anale deposits eggs upon 

the ground a short distance from the burrow entrance of its tiger 

beetle host. 

Eggs of H. robustum have been located, with the aid of the hand - 

lens, on the edge of tunnel openings, but usually the fly's aim was 

excellent. When portions of a nesting site were covered with an ele- 

vated wire screen having a mesh size sufficiently small to permit 

entrance of bees, but not flies, the parasites still released eggs over 

the screen. Upon examination of the soil in the fall, the degree of 

parasitism under the screen was nearly as great as in areas not 

covered (5, p. 429). Because of the delicate nature of the ovum and 
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the relatively long incubation period recorded, the egg would almost 

certainly have to lodge in a protected place to escape lethal exposure 

to the sun. 

The mucilaginous coating on the freshly laid egg may serve as 

a protective device, inhibiting dessication and helping to absorb ex- 

ternal blows during and after deposition. At the time the egg is depo- 

sited it is projected with some fórce and could be fatally affected by 

its contact with the soil. The female Nomia must brush by the eggs 

in the tunnel in her nest -building activities, subjecting them to still 

another mechanical danger. The mucilage may also aid in egg dis. 

persal; since the eggs will adhere to any dry surface, the pilose areas 

of the female bee or the pollen load afford a ready means of egg- 

transport further into the nest. 

Egg Laying Capacity 

The egg laying capacity of H. robustum has not been objectively 

determined but is estimated to be two to three thousand per female. 

Zakhvatkin (33, p. 399) states that the bombyliid, Callistoma deser. 

torum Loew, which is parasitic on grasshopper egg masses, can pro. 

duce from 1600 to 2000 eggs. 

In 1958, 25 ovipositing females, collected at intervals through. 

out the season, were dissected and the lower ovaries and oviducts 

were examined for mature eggs (Table 1). The average number was 
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Table 1. Ova potential per female (1958); Heterostylum robustum 
(Osten Sacken). 

? No. 
Collection Ova Collection Ova 

Date Per No. Date Per + 

6 -27 89 14 7-31 313 

7 -1 77 15 7 -31 189 

3 7-1 424 16 7-31 168 

4 7 -25 225 17 8 -1 136 

5 7-28 185 18 8 -1 125 

7 -28 75 19 8-1 80 

7 7-28 84 20 8-4 206 

7 -28 37 21 8-4 386 

9 7-30 210 22 8 -4 98 

10 7 -30 174 23 8 -13 179 

11 7-30 83 24 8-13 44 

12 7 -31 277 25 8 -13 166 

13 7 -31 191 Average Ova per = 169 

' 

1 . 

2 

- 

' 

6 ' 

: 

8 

: . 

' . . 

. 

. 

? 

...6. 

? 7 



35 

169, with a minimum of 44 and a maximum of 424. Equal or greater 

numbers of developing ova were present in the upper portion of 

the ovaries. 

A single H, robustum female has been observed by Bohart 

(5, p. 429) to make 210 dips in 20 minutes. Since one egg is laid for 

every dip, certainly a maximum of 400 and possible average of 250- 

300 eggs per female per day would be a conservative estimate even 

allowing for periods of inactivity. 

Assuming that a female flies but one hour per day, which would 

appear conservative, extrapolation of the preceding data indicates she 

could produce as many as 2100 eggs per week. The life span of the 

adult is not known; however, flies have been observed flying and ovi- 

positing over a "bee bed" as long as two weeks after the last adult 

emergent was trapped. With this tremendous potential it is evident 

that a high natural mortality occurs (see section on natural control, 

p. 47 ). 

Incubation 

Twenty eggs were recovered by careful examination of alkali bee 

tunnels into which eggs were known to have been deposited. These 

eggs were found three to six inches below the surface, lodged in poc- 

kets or in the turns that are found in alkali bee tunnels. These pockets 

possibly serve as night cells for the bees (Figure 13) . This indicates 



Figure 13. Diagrams showing alkali bee tunnel construction and location of recovered 
H. robustum eggs; all diagrams cross - section, lateral view: A, complete alkali 
bee nest with characteristic terminal cell - cluster; B, C, D, other variations. 
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that variation in the construction of the bee's tunnel could be a contri- 

buting factor in the success or failure of the Heterostylum egg to re- 

main viable for the required incubation period. These pockets and 

turns may serve as incubation chambers or as points at which the 

mucilaginous eggs or tiny planidia may adhere to female bees and be 

carried further into the nest. Although eggs were never recovered 

below these points, it is assumed that many come to rest in close 

proximity to cell construction. If: the eggs were to land or were de- 

posited in an open cell being provisioned, they could be damaged by 

the active bee or consumed by bee larvae feeding on the pollen mass. 

Eggs were successfully collected in the field by sinking one 

dram and one -half dram shell vials in the ground in the morning and 

removing them that evening. Efficiency was increased by painting 

the vials black and burying them with the opening flush to the soil 

surface. Eggs were taken to the laboratory and kept in pill boxes for 

hatching and observation. 

The eggs were kept between 75 -80 degrees Fahrenheit, which 

approximates the soil temperature in the vicinity of the bee cells 

during this period of development. Careful and frequent inspections 

were then made to determine as nearly as possible the time of eclosion 

and subsequent emergence of the tiny planidia. The incubation periods 

of 42 ova averaged 9.5 days, ranging from eight to 12 days 

(Table 2). 
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Table 2. Incubation study (1958) Heterostylum robustum (Osten 
Sacken). 

No. Ova Date of Date of Total Days 
Sample per sample Deposition Hatching Elapsed 

1 5 7-19 7-28 9 

2 1 7-25 8-6 12 

3 2 7-29 8-6 8 

4 9 7-29 8-7 9 

5 3 7-29 8-9 

6 3 7-29 8-8 

10 7-31 8-9 

8-1 

8-12 

8-12 

1 8-12 8-22 11 

11 

10 

10 

7 9 

8 1 8 -10 9 

9 2 8 -20 8 

10 5 8 -21 9 
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Larval Activities 

Activities of the first instar prior to feeding are poorly known. 

To be successful parasites, the Heterostylum planidia must contact 

suitable hosts, for even if the eggs do not hatch at the nest level the 

bee tunnels afford ready access to the cells beneath. 

Apparently there is a period in which they wander about in the 

tunnel until they encounter a host. Whether there is a mechanism of 

attraction or whether the encounter is merely by chance is not known. 

That their wandering is entirely random seems more probable. Lab- 

oratory observations revealed that newly hatched planidia moved 

readily along tunnels and through soil crevices around the larval and 

prepupal chambers. This habit is facilitated by the organisms' mi- 

nute size, elongate form, and the ambulatory devices with which they 

are equipped. They grasp the substrate with strong mouth hooks, then, 

by flexing the body, push forward with posterior pseudopods. 

Planidia may be able to enter bee cells through cracks in the 

soil plug placed at the opening of the provisioned cell by the female 

Nomia. (The cell is sealed off when completed, provisioned and the 

egg deposited by the bee.) This behavior could partially explain the 

fact that early stages of H. robustum larvae have been seen feeding on 

prepupae and pupae in late August. These later maturing hosts are 

generally at a deeper nest level and have been encased in a sealed 
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cell. The planidia would be able to reach the deeper cells through 

the tunnels themselves and would have no means of getting at their 

hosts except through a damaged cell or around a cell plug. Loosened 

soil plugs have been observed in mid -season and especially later in 

the summer when the soil has undergone considerable desiccation as 

a result of a lowered water table. Evidence of late infestation has 

never been found where cells remain intact. 

In the laboratory newly hatched planidia of Heterostylum did not 

attach themselves to the host prepupa, even when placed directly upon 

the body. All planidia died within 24 hours at room temperature of 

75 °F. A few, which were kept at temperatures of 60° to 650 F. , re- 

mained active for several days. Planidia of Neorhynchocephalus 

sackenii (Williston), a member of the Nemestrinidae, a related dip- 

terous family with similar habits, can be kept for prolonged periods 

under refrigeration at 40 °F. and will immediately accept the host 

grasshopper when the temperature is raised (27). 

In the field, H. robustum planidia have never been found on the 

host until the prepupal stage, but have been located on host pupae in 

late July and August. The planidia in this case have always been 

found attached to the less sclerotized areas between heavily chitinized 

sclerites of the host body. It is reasonable that these early instars 

could mature on newly formed, lightly sclerotized host pupae, but this 

is apparently not a normal habit for the species. Linsley and 
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MacSwain (17, p. 411) report that planidia of the bombyliid, Anthrax 

fur Osten Sacken, often wait until overwintered prepupae of the host 

pupate in May or June before implantation. 

The first instar of Heterostylum may require nourishment be- 

fore it implants upon its host as is the case with Spogostylum delila 

Loew. Nininger (21, p. 162) states that the first instar larva of 

S. delila, a parasite of Xylocopa larvae, "creeps about over food 

mass, egg, and larva, feeding promiscuously on organic matter for a 

three or four week period at which time it will settle down and attach 

to the host larva." According to Nielson (20, p. 649), Bombylius 

pumilus Meigen, a parasite of Colletes daviesanus Smith, feeds on 

the pollen ball of its host during the first instar. Possible food sour -. 

ces for H. robustum (as postulated by Nielson for other species) 

could be pollen, larval exudates, and condensed moisture. 

Bohart (5, p. 430) has found a few first instar larvae in cells 

of early host larval stages, both inside the pollen ball and on the cell 

wall against the side of the ball. Nielson (20, p. 651) reports finding 

two or three larvae of B. pumilus in the same cell with one destroying 

the other before passing on to the second instar. The same observa- 

tion was made in Utah on H. robustum but with no evidence of inter- 

necine activity (5, p. 431). 

Observation revealed that the planidium remains in this stage 

for at least 36 hours, but one first instar was observed by Hackwell 

< 
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(Addendum,3) to feed for a seven day period on the original host be- 

fore moulting. 

Bohart (5, p. 431) has reported what he believes may be a se- 

cond instar in this species, which if substantiated, would establish 

four larval instars. This stage, a flattened form, has not been ob- 

served by the writer. Even though Bohart has photographic evidence 

of this form (Figure 14), he as well as other associates question 

whether it may merely represent an abnormality in the form of cer- 

tain individuals of the second instar. According to Bohart, this 

flattened form appeared to remain in this stage of development for 

12 hours or less. This stage is known for Hyperalonia oenomaus 

Rond. and Bombylius pumilus (8, p. 381) but was not observed by 

Berg (1, p. 169 -178) in his morphological work on Systoechus 

vulgaris. In this study this stage is regarded as intermediate be- 

tween the planidium and the "true" second instar pending further 

investigation. 

The second instar feeds for two or three days, growing rapidly 

while the host prepupa becomes noticeably shrunken. It is character- 

istically found in situ encircling the body of the host at right angles 

to the longitudinal axis, occupying a furrow in the integument between 

apparent segments and generally within the C- shaped attitude of the 

host. Here the parasite embeds its mouth -hooks in the soft tissue 

and if disengaged has no difficulty in re- implanting. "The concave 
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Figure 14. Heterostylum robustum (Osten Sacken): intermediate 
flattened form. (original photo by W. P. Nye, U. S. 
Bee Culture Lab., Utah State University, Logan, 
Utah). 

r 
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area around the mouthparts is pressed tightly against the host 

integument during the feeding process. This appears to help the lar- 

va develop a vacuum while drawing host liquids through the minute 

wound in the host's body wall" (5, p. 432). In the field, second instar 

H. robustum larvae have also been observed on late season host pupae. 

The third instar has been observed to feed for about four days. 

It has been reported from Utah that the final instar will empty the 

contents of a first host larva in the laboratory and then search for 

another host. Field observations by Bohart (5, p. 433) in that area 

indicate that about half of the second host prepupa was normally 

drained. Evidence was provided by the presence of an empty host 

skin found tightly packed between the walls of its cell and dirt appar- 

ently back - filled by the departed parasite, which presumably had 

burrowed through the soil to another cell. The second partially 

drained host was likewise left "jammed" against the cell -wall by a 

loose plug of soil. 

Bohart (5, p. 433) has been successful in having second and third 

instar Heterostylum implant on alkali bee prepupae in the laboratory. 

In this stage of development the mouthparts are heavily sclerotized and 

the feeding response, already initiated, was so intense that the larva 

attacked a new host without hesitation when taken from its original 

host and placed on another. This has been demonstrated by the 
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acceptance of both wasp and honey bee larvae when offered (5, p. 433). 

In Oregon a 1 :1 host -parasite relationship seemed to be the 

normal situation although occasional indications of the type of be- 

havior reported from Utah have been noted. No partially consumed 

prepupae have ever been found, however good -sized parasites, which 

are undoubtedly early last instars, have occasionally been seen on 

late host larvae and prepupae. 

Although internecine behavior was not observed in nature, the 

phenomenon may occur in some instances. In the laboratory, when 

two young third instar parasites were placed together in a rearing 

container, one was observed to sink its mouth -hooks into the soft 

integument of the other and partially drain the body contents. 

Overwinte ring 

Most bombyliids overwinter as mature larvae except for Spogo- 

stylum anale which passes the winter on its host as a second instar 

larva (30, p. 218). H. robustum was found to overwinter as mature 

larvae. 

By late summer and early fall the mature H. robustum larvae 

burrow upward out of the cells of the bee nest to a point two to three 

inches beneath the soil surface. Here they spend the winter in an 

overwintering cell, on their side or more commonly with the anterior 

end pointing down. (As stated in the section on adult emergence, a 

- 



46 

small percentage of later maturing larvae remain at the bee cell level 

during the winter. Eggs deposited late in the season may account for 

these later emerging H. robustum larvae.) 

Bohart (5, p. 431) reported finding third instar Heterostylum 

larvae on alkali bee prepupae in Utah before nesting had started. 

Since no pupal exuviae or ovipositing parasites were found, it appeared 

that the Heterostylum larvae may have overwintered in an earlier 

stage of development. However, adults from these larvae were not 

collected and Bohart was not certain that the species was H. robustum. 

Many genera of bombyliids do not leave the host cell to over- 

winter. Their larvae are rather soft, helpless, last instars (e.g. 

Anthrax, Toxophora, Poecilanthrax, Argyramoeba, Hyperalonia, 

Exoprosopa, Aphoebantus) (9, p. 656). Heterostylum usually does 

leave its host's cell, having a leathery, active final instar much like 

that of Bombylius (5, p. 433). 

Zakhvatkin (33, p. 390) states that in the case of Anthrax 

oophagus Paramonov, a parasite of acridid egg pods, there is a 

second generation, some larvae pupating directly upon maturation in 

July. This has never been observed for H. robustum and it was con- 

cluded the species has but a single generation per year in the Pacific 

Northwest. 

The fly larva, in the process of moving to the soil surface, may 

be responsible for damaging upper bee cells by allowing the 
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introduction of fatal fungal and bacterial diseases. Numerous dam- 

aged cells containing dead bee larvae have been found indicating the 

presence of these diseases, but in these beds there is no assurance 

that this is attributable to the activities of H. robustum. 

Natural Control of H. robustum 

Fly populations may be susceptible to depletion by the following 

factors: desiccation and external damage of the egg; starvation of the 

larva by its inability to find a host in the planidial stage; freezing of 

the mature larva during the winter, when this stage is at the upper 

soil level; and predation in the pupal and adult stage by native birds. 

When deposited by the female parasite the ovum must enter the 

burrow or other shaded place. Those ova on the surface exposed to 

direct sunlight do not survive. 

Since contact of the host by the H. robustum planidia depends on 

searching ability, successful implantation is not always assured. Im- 

plantation by the parasite depends on such factors as host accessabi- 

lity and timing (host must be in the acceptable stage of development). 

A reliable mortality rate of the planidia cannot be determined until 

more complete information is available on their habits prior to feed- 

ing. For the present it would appear that the planidial stage is the 

most susceptible to the rigors of the environment. Empirical data is 

not available but can be estimated by life span studies, observations 
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on movement in the soil, numbers of eggs laid, and accuracy in 

collecting eggs in the field. 

In excavating bee nesting sites, a great many H. robustum lar- 

vae were found lifeless in their overwintering cells with no apparent 

cause for death. Since winter temperatures in the area commonly 

drop to 0 °F. , or even lower during especially severe winters, the 

effect of low temperatures upon the larvae was investigated. In 1958 

soil cores were dug from a nesting site in late summer after the lar- 

vae had moved up to the overwintering level. The cores were held in 

a cold room at 5° - 10° F. for 24 hours then moved to a greenhouse 

where they were kept at 75° - 80° F. and a soil moisture of approxi- 

mately 18%. No parasites emerged from the test cores subjected to 

the subfreezing temperature and upon examination it was found that 

fly larvae in the soil had died. Adult H. robustum emergence averaged 

3. 6 per core with a maximum of ten from check cores dug from the 

same area (Table 3). In the field, however, this effect may be in- 

fluenced by factors of natural protection, especially slope exposure, 

insulating ground cover (ice, snow, and vegetation), and soil type. 

The high salt content of the soil in most of the nesting sites provides 

natural antifreeze properties and ice crystals will not form beyond an 

inch or two below the surface except during severe winters. One 

winter, + 5° F. was the lowest air temperature recorded in the study 

area, at which time the temperature never dropped below 32° F. at 
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the six inch level. Nevertheless, freezing is likely one of the periodic 

natural checks on the parasite population. 

It was suspected that dessication of fly larvae may contribute to 

its control during late summer when the water table is low. Late 

summer excavations did not show this to be a significant factor for 

even where the upper soil had dried out considerably, mature larvae 

were found to be active. The tough nature of the integument apparently 

serves as protection against moisture loss. 

During the emergence period the flies were vulnerable to preda- 

tion by native birds including blackbirds, magpies, meadowlarks, and 

English sparrows. For some time it was believed the birds were a 

serious threat to bee populations since they fed on bees and flies 

alike; but the flies appeared to be more susceptible to predation be- 

cause of their longer period of inactive exposure following emergence. 

Table 3. Cold- hardiness 
(Osten Sacken). 

Study (1958); Heterostylum robustum 

Treatment 
No. 11" 
Cores 

Adult flies 
emerging 

Dead flies 
in core 

Av. No. 
Dead flies /core 

5-10 F. 
24 Hrs. 4 0 21 5.3 

5`- 10° F. 
72 Hrs. 4 0 23 5.7 

Check 
Not 
below 32°F 

10 43 19 1.9 
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Factors in Extent of Parasitism 

Studies showed the percentage of parasitism in Oregon alkali 

bee sites to vary from less than one percent to nearly 70 percent. Al- 

though there are too many variables to arrive at a meaningful aver- 

age, eight to tenpercent wouldappear to be a reasonable average based 

on the data taken in the study (Table 4). A more reliable percentage 

of parasitism would require a more standardized random sampling 

method with larger numbers of samples being taken. Variability 

occurred from nesting site to nesting site, as well as within a single 

nesting area. Major factors for this variability may include differ -.. 

ences in exposure to sub -freezing temperatures (as pointed out in pre- 

vious section), accessibility of bee holes to ovipositing females 

coupled with fly preference, size of nesting area, concentration of 

nests, and age of occupancy of nesting area. 

In larger nesting sites the extent of parasitism was more varied 

within that area due to the fact that flies deposited the same number 

of eggs over a larger area. In older sites this type of variability 

was less evident. The parasite had time to reach an equilibrium 

level with its host. 

Once a nesting site had acquired a heavy parasite population 

there appeared to be an almost constant number of ovipositing fe- 

males busy on the site each day throughout the season. This has been 

observed on an isolated alkali bee bed where fly- swatters were used 



51 

Table 4, Parasitism by Heterostylum robustum (Osten Sacken) on 
Nomia melanderi Ckll. (Samples were taken from each bee - 
bed in areas showing heaviest bee activity the previous year). 

Site . and Bees (lar- Flies (lar- Total Parasi- 
Year Sample No. vae & pupae) vae & pupae) (bees & flies) tism 
1956 * Nelson, # 1 104 86 190 45.3 
1956 Nelson, # 2 35 71 106 66.9 
1956 Nelson, # 3 8 11 19 57.9 
1956 Nelson, # 4 81 66 147 44. 9 
1956 Nelson, -# 5 14 31 45 68,88 
1957 Nyssa- Adrian, 

# 1 331 31 362 8,6 
1957 Nyssa- Adrian, 

# 2 242 21 263 8.0 
1957 Nyssa-Adrian, 

# 3 359 30 389 7.7 
1957 Nyssa-Adrian, 

# 4 252 24 276 8.7 
1958 Garbee, # 1 136 1 137 .7 
1958 Nelson, # 2 174 25 199 12.6 
1958 Nelson, # 3 76 4 80 5.0 
1958 Nelson, # 4 65 10 75 13. 3 

1958 Nelson, -# 5 222 55 277 19.85 
1958 Nelson, # 6 43 9 52 17.4 
1958 Nishihara, # 1 157 2 159 1.3 
1958 ` Schiemer, # 1 278 15 293 5.1 
1958 Schiemer, # 2 546 116 662 17.5 
1959 * Nyssa- Adrian, 

# 1 30 6 36 16.66 
1959 Nelson, # 1 5 0 5 0.0 
1959 Nelson, # 2 49 6 55 10.9 
1959 Nelson, # 3 16 0 16 0.0 
1959 Nelson, # 4 48 9 57 15.78 
1959 Nelson, # 5 78 3 81 3.7 
1959 Nelson, # 6 130 7 137 5. 1 

1959 Nelson, # 7 129 4 133 3.01 

* 1956 and 1959 data from work by Dr. W. P. Stephen and supplement 
the author's data. 

. 

- 
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to kill ovipositing females and the total daily fly -kill recorded. The 

ovipositing population was completely eliminated by about 10 :30 or 

11:00 AM each day. However, the following day and each day there- 

after sub -equal numbers of ovipositing flies were killed. The origin 

of these flies has been questioned. If the flies had developed on and 

emerged from the bee bed under investigation, ovipositing activity 

would be directly correlated with emergence activity. Since ovipo- 

siting activity did not coincide with emergence activity, these obser- 

vations suggest an influx of parasites. The flight range of H. robus- 

tum remains unknown but because of its uniform distribution over 

wide areas is suspected to be a considerable distance. 

Since bee nests were not uniformly distributed and active fly fe- 

males were prone to oviposit in localized, more readily accessible 

confines, the more populous nesting areas had the highest degree of 

parasitism. This was true up to a point at which bee flight activity 

over the nesting site actually became a deterrent factor to flight acti- 

vity of H. robustum females. Field observations reveal that density of 

bee activity, over a concentration of approximately 200 entrance -exit 

holes per square foot on artificially constructed bee sites, totally im- 

peded parasite flight activity. Later, soil cores from this site sub- 

stantiated these observations; parasitism was absent. In this instance, 

parasitism occurred only at the periphery of the bee nesting site 
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where the adult flies could oviposit without being molested. 

Newer nesting sites were relatively free of parasites since time 

was essential for the host - dependent organisms to build up to a level 

that the host populations would conveniently support. 

Accessibility of bee holes to ovipositing females had an influ- 

ence on the number of eggs deposited, but there seems to be little 

agreement on factors acting to discourage ovipositing activity. Core 

sample studies in eastern Oregon showed vegetative cover to be an 

inhibiting influence on egg deposition; however, on some sites short 

vegetative growth supported an even higher number of parasites than 

open ground. 
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ADDENDUM 

Since the completion of this study, two papers have appeared on 

H. robustum and supplement the information contained herein. Most 

of the information substantiates the observations made above while 

other data fill important gaps or point up apparent local variations. 

Frick (1) has worked on parasite -host relationships in Nomia 

melanderi and H. robustum under Washington conditions. 

Although fly larvae required longer to develop from dormancy 

than bee prepupae when maintained at similar temperatures, Frick 

found that H. robustum adults attained peak emergence at about the 

same time as that of the alkali bees. This contrasts with data from 

Oregon showing adult parasites' peak emergence to be one and a half 

to two weeks before peak host emergence. This difference could be 

explained by local climatic and soil characteristics. 

In Washington, fly emergence usually peaked a few days ahead 

of bee emergence and usually ceased for the season before that of 

the bees. Similar results were obtained under Oregon conditions 

(Figures 11, 12). 

Frick reports that temperature was the most important factor 

affecting emergence of both alkali bee and bee -fly. Subsurface soil 

moisture did not appear to influence fly and bee emergence as mark- 

edly as was observed under Oregon conditions, although higher 
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subsurface moisture did appear to have some retarding effect, based 

on Frick's data. He compares the effect of dry surface versus moist 

surface on emergence and found ten sites with dry, powdery surfaces 

averaged 3,6 days later than ten moist surface sites (1, p. 11). 

Frick's diapause studies with H. robustum showed a close 

correlation with the results he obtained for N, melanderi. A long 

warm period following collection in the field and before conditioning 

to cold, stimulated development. In addition, his data indicate that 

peak emergence of H. robustum males was generally from one to five 

days ahead of females. 

Frick records that the percentage of parasitism varied widely 

during the years of study, but never exceeded 33.3 percent. These 

data approximate the averages taken in Oregon except much higher 

percentages have been recorded. He provides a list of several factors 

that impart selective value to the host and the parasite respectively. 

With the exception of a favorable sex ratio for H. robustum (higher 

percentage of females than for host females), these have been noted in 

the text above. The Oregon study showed sex ratio to be an insignifi- 

cant factor since there was approximately a 50 -50 relationship of 

males to females in both species. 

Frick's data on predation by native birds supports observational 

data taken in the Oregon study. During the season, numbers of birds 

were shot and dissected to examine the contents of their digestive 
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tracts -. Although both species were present, a larger proportion of 

bee -flies was noted despite the fact they occurred in lower numbe 

than the bees on the bee beds. Bee -flies are more vulnerable for a 

longer period upon emerging from the pupal case. 

He also states that only a small percentage of bee cells were 

entered secondarily by parasite larvae. This appears to confirm find- 

ings in Oregon that it is usual for H. robustum larvae to complete 

development on a single host, - 

Frick, Potter, and Weaver (2, p. 8) devote a brief section to 

H. robustum in which they describe the parasite, its activities and 

economic importance. They place an average percentage of parasi- 

tism by H. robustum on the alkali bee at six to eight percent in south- 

central Washington. These figures approximate the averages of the 

Oregon study. 

A co- worker, G. A. Hackwell (3), has since discovered that 

planidia will readily accept only the early last larval instar of the 

host, and implantation was about 80% successful when planidia were 

placed on this stage. This may be its habit under natural conditions, 

although parasites were never recovered on the larval form in the 

field. Such an association could have been overlooked because of 

the minute size of the planidium, the closely matched light color of 

the two bodies, and the rapidity of conversion of the final instar host 

larva to the prepupa. The bee larva would seem to be a much more 

C >° 

- 
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acceptable host than the prepupa because the larva's thinner and more 

tender integument is less of a physical barrier to the weakly sclero- 

tized mouth -hooks of the young parasite. The integument of the last 

instar Nomia larva becomes increasingly leathery as the larva ap- 

proaches the true prepupal stage. However, as the parasite larva 

matures and the mouthparts increase in size and sclerotization it will 

pierce a much tougher integument. This has been demonstrated in 

the laboratory as noted in the above text. 
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