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EVOLUTION OF OVIPOSITION HABITS IN APHODIUS
DUNG BEETLES (COLEOPTERA: SCARABAEIDAE)
NoBUYo YosHIDA AND HARuo KATAKURA
Zoological Institute, Faculty of Science, Hokkaido University,
Sapporo, 060,Japan

Abstract. -Oviposition habits of nine species of Aphodius dung beetles common in Sapporo,
Hokkaido, northern Japan, were studied under laboratory conditions using glass cages supplied
with soil and fresh cattle dung. Four types of oviposition habits were recognized. Type I: Eggs
were laid singly in the dung on the ground. Type II: Eggs were laid singly in the soil beneath the
dung. Type III: Each egg was laid in a small dung mass stuffed in a shallow burrow excavated
beneath the dung. Type IV: Each egg was laid in the soil near the terminal end of a sausageshaped dung mass buried beneath the dung. Although Types III and IV were similar in that
females provided food for larvae, behavioral sequences of oviposition and provisioning were
distinctly different between the two types. In Type III, an egg was laid after a dung mass was
provided; whereas, in Type IV, an egg was laid before a dung mass was buried. Provisioning
habits of Type III and Type IV seemed to have evolved independently from more primitive
Types I or II, and from Type II, respectively. Oviposition habits of Aphodius were compared
with those of two major groups of scarabaeid dung beetles, Geotrupinae and Scarabaeinae. Our
Type III oviposition habit is analogous to those of certain species of Geotrupinae and Scarabaeinae, and Type IV to some Geotrupinae, indicating parallel evolution of dung burying habits
in several lines of scarabaeid beetles.
Key Words.- Insecta, Scarabaeidae, Aphodius, dung beetles, oviposition, behavioral sequence,
evolution

Reproductive biology of dung beetles belonging to the subfamily Aphodiinae
has had little attention until recently, in spite of their dominance in the number
of species and individuals in the north temperate zone (Balthasar 1964). Scattered
records show that oviposition habits of Aphodiinae are diverse. Many species lay
eggs directly in dung on the soil surface, or in the soil beneath the dung (Hafez
1939, White 1960, Landin 1961 , Hanski 1980). A few species bury dung masses
for larval food in the soil under droppings (Paik 1968; Hosogi et al. 1979, 1980).
Obligatory or facultative kleptoparasitic species are also known (Hammond 1976
[and the references therein], Klemperer 1980, Kiuchi 1987).
Due to this diversity, the Aphodiinae may offer invaluable information for
studying evolutionary origin of more elaborated oviposition habits found in two
major groups of dung beetles: Geotrupinae and Scarabaeinae (for reviews, Halffter
& Matthews 1966, Halffter & Edmonds 1982, Doube 1990). Unfortunately, however, oviposition habits of Aphodiinae species have not been studied in detail,
except for a few species such as Aphodius rufipes (L.) (Madle 1934, Holter 1979,
Klemperer 1980). For many species, only the scattered descriptions of egg site
and/or larval feeding sites were available. Furthermore, there have been no quantitative studies specifically dealing with oviposition behavior or evolutionary trends
in Aphodinae species.
In this paper, we will examine four types of oviposition habits distinguished
for nine Japanese species (all belonging to Aphodius) on the basis of the results
obtained by rearing under laboratory conditions.
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Table 1. Types of oviposition habits and egg distributions of nine Aphodius species together with
their reproductive periods and female body size. S: desiccated dung surface, U : moist upper halflayer
of dung, L: moist lower half layer of dung, M: margin between dung and soil, G: soil under dung.
Body

% of eggs laid in
Type

I
I

II
II
II
III

IV

Species

A. brachysomus
A . haemorrhoidalis
A. breviusculus
A. pratensis
A . sordidus
A. rectus
A. pusillus
A. elegans
A. haroldianus

n

s

23d
35'

0.4
1.2 76.1 22.2
4.4 26.5 38.9 23.0

u

L

18' 16.7 40.3 37.5
22' 11.4 48.6 37.1
0.0
0.0
28' 0.0
4.9
0.0
59' 0.0
38• 0.0
2.8
8.3
45d 0.0
0.0 0.0
48d 0.0
0.0 0.0

M

5.6
2.9
0.0
7.6
11.1
0.0
0.0

G

Total•

Reproductionb

0.0
7.1

1417
113

spring
spring

0.0
0.0
100.0
87.6
77.8
100.0
100.0

72

35
70
185
36
1576
329

sizec

(mm)

7.8 ± 0.58
4.7 ± 0.23

spring
4.6 ±
autumn 4.6 ±
autumn 6.5 ±
spring
5.8 ±
spring
3.7 ±
autumn 11.6 ±
spring
9.4 ±

0.34
0.31
0.43
0.42
0.28
0.92
0.81

• Total number of eggs laid in all glass cages.
b Reproductive period (all species are univoltine in Japan).
' Female body length (mean ± SD, n > 30).
d Number of females separately reared.
' Number of adults reared (sex unknown).
MATERIALS AND METHODS

The nine Aphodius species listed in Table 1 were reared. Each species was
collected, at the peak of reproductive activity (Yoshida & Katakura 1985), from
cattle dung at pastures in Hokkaido Agricultural Experiment Station (42°59' N,
141 °24' E) in Sapporo, northern Japan, approximately 10 km from the laboratory
of Hokkaido University, where the rearing was performed.
Of these species, A. haroldianus Balthasar and A. elegans Allibert have been
known to bury dung and lay eggs near (A. haroldianus) or in (A. elegans) the
buried dung masses (Paik 1968; Hosogi et al. 1979, 1980). Other species are
considered to lay eggs directly in droppings on the ground, or in the soil under
the droppings (Yoshida & Katakura 1985; M. Kiuchi, personal communication).
Beetles were reared in glasS' cages consisting of two vertical glass plates and a
narrow wood frame, which formed the bottom and the two sides of the cage. One
of the glass plates was fixed to the wood frame, but the other platewas removable
permitting food changes and periodical inspections. The lower half of the cage
was filled with humid sand, and then fresh cattle dung was placed on sand to a
depth equal to one-quarter volume of the cage. The top of each cage was sealed
with cotton cloth and 3 mm mesh nylon net to prevent escape of beetles. Several
rearing cages were placed together in a wood box and were shaded by black sheets
so as to keep them dark except for the top. Two sizes of glass cages were used
according to the body size of beetle species (length x width x height: large cage,
19.0 x 1.4 x 25.0 em; small cage, 12.5 x 0.6 x 10.0 em).
The females collected at the peak of reproductive activity were assumed mated
prior to collection (Yoshida & Katakura 1985). Then, a female of each of the
three larger species (A. elegans, A . haroldianus and A. brachysomus Solsky, which
were easily sexed) was released separately and individually into large glass cages.
The other six species were difficult to sex externally, and so one to four adults
(unknown sex) per small cage, or five to ten adults (unknown sex) per large cage,
were released.
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Figure 1. A scheme of oviposition sites of four types of oviposition habits distinguished for nine
Aphodius species. I-IV: type of oviposition habits defined in the text; Ia, A . brachysomus; lb, A.
haemorrhoidalis, A . breviusculus, A. pratensis.

The dung and soil in each cage were changed every two or three days, after they
were thoroughly examined to detect the oviposition sites and the number of laid
eggs. In addition, position oflaid eggs was traced, when necessary, on the transparent Saran Wrap ®, which was placed on the glass plate. 1For the two species that
bury dung for larvae, the dung burying process was also observed through the
glass plate.
Species that reproduce in the spring (Table 1) were reared under long day
conditions (LD 16:8) at 15 ± 1° Cor 18 ± lo C, and species that reproduce in
the autumn were reared under short day conditions (LD 12:12) at 18 ± lo Cor
23 ± 1° c.
RESULTS

Oviposition habits of the nine Aphodius species were classified into four types
according to egg sites and presence or absence of provisioning for larvae (Table
1, Fig. 1).
Type I. -Four species were classified as Type 1: A. brachysomus, A. haemorrhoidalis (L.), A. breviusculus (Motschulsky), A. pratensis Nomura & Nakane. Eggs
were laid singly in round or oval spaces in the dung on the soil surface (Fig. 1,
Ia, Ib).
The following is a summary of oviposition habits of A. brachysomus, the most
intensively studied species of this type: Most eggs were laid in the middle part of
cattle dung placed in the rearing cages (Table 1). Almost all eggs were laid in oval
spaces (98 .3%, n = 1264); the remainder were laid directly on the surface of
tunnels left behind by the adults' passage. These spaces (Fig. 1, Ia) are probably
egg chambers prepared by the mother beetles for oviposition. The spaces were
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relatively large (6.7 ± 1.16 mm long, 4.4 ± 0.66 mm wide; mean± SD, n = 47)
and their inner wall was smooth, except for one side that was rough and protruded
somewhat inwards into the space. No such space had more than one egg. Each
egg was stood on end at the side opposite to the rough side of the space. It seems
that the mother beetle makes an egg chamber, lays an egg, and closes it with rough
dung fragments.
Eggs of the remaining three species of this type were also found singly in round
or oval spaces, 1.3-2.4 mm diameter, inside of the dung (Fig. 1, Ib; Table 1).
Whether these spaces were specially prepared egg chambers or mere spaces left
behind by the adults' movement was not determined for these smaller species.
Type II.- Three species were classified as Type II: A. sordidus (Fabr.), A. rectus
(Motschulsky), A. pusillus (Herbst). Eggs were laid singly in spaces in the soil
beneath dung (Table 1; Fig. 1, II).
The spaces were simple and round, 1.5-3.0 mm diameter and not coated with
dung. Because these spaces were apart from tunnels that were left behind by the
adults' passage, they were probably specially prepared egg chambers. Most of the
eggs were deposited at a depth shallower than 30 mm as follows: A. sordidus, 13.5
± 11.28 mm; A. rectus, 11.1 ± 10.14 mm; A. pusillus, 10.3 ± 9.73 mm. Some
eggs of A. rectus and A. pusillus were laid at the boundary between dung and soil,
and a few others were in the lowest part of dung.
Type III. -One species was classified as Type III: A. elegans. Each egg was laid
in a small dung mass stuffed into a shallow burrow in the soil beneath the dung
(Fig. 1, III).
Dung masses were found shallower than 30 mm deep, and its top usually
connected with the bottom of the above dung. The periphery of buried dung
masses was mixed with grains of soil. Dung masses were 17.3 ± 3.6 mm long
and 9.6 ± 1.6 mm wide (n = 83). There was a space in each mass, in which a
single egg was usually laid (97.0% of masses with one egg, 0.4% with two eggs,
and 2.6% with no egg, n = 533). The space (egg chamber) was 10.5 ± 2.79 mm
long and 5.9 ± 1.37 mm wide (n = 45). The inner surface of the egg chamber
was smooth at the bottom and sides, but rough at the top, sometimes protruding
inwards. The dung wall was thin at the bottom (1.7 ± 1.41 mm) and sides (2.6
± 0.92 mm) but thick at the top (4.4 ± 1.85 mm). Most eggs were laid on the
lower one-half of the wall of egg chambers (58.5% oflaid eggs; n = 94) or on the
bottom (36.6%). Sometimes a few dung masses were fused together at their sides.
In the provisioning and oviposition processes, a female excavated a shallow
burrow in the ground beneath dung, carried dung fragments from above, and
plastered the wall of the burrow with dung so as to form a chamber. Although
we could not trace subsequent processes, the female must smooth the inner surface,
lay an egg and close it from above with dung fragments, judging from the condition
of buried egg masses.
Type IV. -One species was classified as Type IV: A. haroldianus. Each egg was
laid in the soil beneath the dung; after oviposition, the parental females buried a
dung mass near the egg (Fig. 1, IV).
Buried dung masses were found in the soil up to 8 em deep. They were similar
to a sausage and often somewhat curved; 34.8 ± 8.4 mm long and 14.3 ± 3.2
mm wide (n = 106). Dung sausages were made of stratified compact dung and
had no spaces within them. An egg was laid in a space in the soil 5-8 mm apart
from the terminal end of each dung sausage. The space was on the average 6.6
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Figure 2. Suggested evolutionary relationships among four types of oviposition habits in Aphodius.
I- IV: type of oviposition habits, 0: oviposition, B: burrowing soil, P: provisioning dung into burrow.

mm long, 4.0 mm wide, and without any coating. Two or three masses sometimes
fused together at the sides or at the terminal ends, at least in the narrow rearing
cages.
In the provisioning and oviposition processes, a female excavated a vertical
shaft beneath the dung and constructed an egg chamber near the end of the shaft.
(Then, she probably lays one egg in the chamber and closes the chamber with
soil, but these processes could not be confirmed in this study.) After oviposition,
she filled the shaft with dung, mixed her own excrements with dung, and then
she closed the shaft with soil. Sometimes, however, the dung sausage was not
entirely buried but remained in contact with above unburied dung.
DISCUSSION

Evolutionary Trends among Oviposition Habits. -Although it is yet uncertain
which behavior type is most primitive among the four, Types I and II are evidently
simpler and more primitive than Types III and IV. In Types III and IV, dung is
supplied for the young, but the behavioral sequence of provisioning and oviposition is distinctly different between the two species. In Type III, a dung mass is
first prepared in the soil, and then an egg is laid in the dung mass. On the other
hand, in Type IV egg is laid in the soil before dung is buried to form a dung
sausage. Because the sequence of oviposition and provisioning is thus inverted
between the Types III and IV behaviors, it is likely that these two types evolved
independently (Fig. 2).
Type IV behavior seems to have evolved from Type II; in both behaviors eggs
are laid in the soil near (but not in) the larval food resource, and the behavioral
sequence of oviposition habits in Type IV can be easily evolved from the simpler
Type II, by adding provisioning behavior to the behavioral sequence of the latter
(+P).

On the other hand, two alternative interpretations are possible for the evolution
of Type III behavior: (1) this type may have evolved from Type II, by inserting
provisioning behavior (P) between burrowing (B) and oviposition (0); or (2) Type
III behavior may be introduced from Type I, by inserting burrowing and provisioning to the behavioral sequence of the latter ( +BP). The first interpretation
seems more parsimonious, but the second interpretation may be supported by
the fact that in both Type III and Type I behaviors eggs are laid in the larval food
resource.
Parallel Evolution ofDung Burying Habits. - Klemperer ( 19 83) coined the term
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"rummagers" for the Aphodius species that lay their eggs directly in droppings
(synonymous with endocoprids sensu Hanski 1986, not sensu Bomemissza 1969),
and contrasted them with "buriers" (paracoprids) that excavate burrows and fill
them with dung masses in each of which an egg is laid, and with "rollers" (telocoprids) which roll away a ball of dung some distance before being buried in a chamber
where the ball is either eaten or converted to a brood ball. According to this
classification, species with Type I behavior are typical rummagers. Type II behavior species can also be called rummagers because their larvae freely feed on
the dung on the soil surface, although they lay eggs outside of the dung.
On the other hand, species of Types III and IV behavior are buriers, in that
both place dung in the soil for larvae. However, the prepared dung masses are
small in behaviors of both Types III and IV, as described above. Larvae of species
with Type III behavior cannot complete the growth with buried dung masses
(second and third instars eat freely in droppings on the soil; Hosogi et al. 1979;
NY, unpublished data). Larvae of species with Type IV behavior can complete
the growth in the buried dung masses, but often depart from it and eat freely in
unburied dung (third instars; NY, unpublished data). Accordingly, it seems more
appropriate to treat behaviors of Types III and IV as intermediate states between
rummagers and typical buriers completing growth only with buried dung masses.
Anyhow, behaviors of Types III and IV could be regarded as representing two
basic types of oviposition habits found in buriers. Type III is analogous to the
oviposition habits of many species of Scarabaeinae (e.g., the Oniticellini and
Onthophagini; in particular, Oniticellus egregius Klug) and Geotrupinae (e.g.,
Geotrupes spiniger Marsham, G. cavicollis Bates) laying eggs in buried dung masses
(Halffter et al. 1985, Klemperer 1979, Davis 1989). Type IV is essentially the
same as the oviposition habits of some Geotrupinae, typically represented by
Typhoeus typhoeus (L.) (Palmer 1978, Brussaard 1983) and Ceratophyus hoffmannseggi Fairmaire (Klemperer 1984), which lay each egg near the terminal end
of a dung sausage buried in the soil.
Diversification of brood caring habits is prominent in two major groups of
scarabaeid beetles, Scarabaeinae and Geotrupinae (Halffter & Matthews 1966,
Halffter & Edmonds 1982). Almost all species of these two groups are presocial,
and even in the most primitive type, adults provide foods for larvae. Ironically,
this makes it difficult to seek the evolutionary origin of their presociality among
these two groups of beetles. For the evolutionary origin of brood caring in dung
beetles to be clarified, it is more preferable to concentrate our effort to the groups
which include both species showing brood caring and those not. The present study
showed that Aphodius beetles are particularly suitable for such purpose. We expect
that closer ethological and ecological studies ofAphodius beetles will thus facilitate
our unbiased understanding ofthe diverse brood caring habits evolved in coprophagous beetles of the family Scarabaeidae.
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SURVEY OF MYZUS PERSICAE (SULZER)
(HOMOPTERA: APHIDIDAE) INFESTATIONS ON
BEDDING PLANTS FOR SALE IN EASTERN IDAHO
SusAN E. HALBERT AND THOMAS M. MoWRY
Southwest Idaho Research and Extension Center, Department of Plant, Soil and
Entomological Sciences, University of Idaho, Parma, Idaho 83660-6699
Abstract.- A survey of bedding plants commercially available in all potato seed production areas
of eastern Idaho revealed that they remain a potential source of infestation of M yzus (Nectarosiphon) persicae (Sulzer), the green peach aphid. Cole crops, eggplant, forget-me-not, peppers,
and petunia showed 18, 53, 36, 42, and 41% infestation, respectively. A survey involving 476
green peach aphids showed that none transmitted PLRV to test plants.
Key Words. -Insecta, Aphididae, Myzus persicae, bedding plants, PLRV

Potato leafroll virus (PLRV) can be a major problem in Idaho potato production,
especially for certified potato seed growers. PLRV is spread by vegetative propagation of infected potato seed or transmission by aphid vectors, the most important being Myzus (Nectarosiphon) persicae (Sulzer}, the green peach aphid.
Myzus persicae has a broad summer host range, but in Idaho it overwinters
holocyclicly only on peach and apricot trees (Bishop & Guthrie 1964). These
overwintering hosts will not withstand the severe winters in most Idaho potato
seed production areas. Work by Tamaki et al. (1979) suggested that anholocyclic
overwintering may occur in Washington during mild winters, but this is very
unlikely under severe Idaho winter conditions in seed production areas. Prior to
the 1960s, it was assumed that aphid infestations on seed potatoes were initiated
each year by alatae that immigrated from warmer areas; however, subsequent
work indicated that this might not be the case. Bishop (1965) showed tht seed
potato fields closest to towns had the most M. persicae and highest PLRV incidence. Home gardens in the towns were found to be sources of both virus and
vector. Bishop & Guthrie (1964) strongly implicated bedding plants imported
from surrounding states as the major source of M. persicae and showed that virus
inoculum built up in home grown potatoes as gardeners used their own crop for
seed year after year.
A successful integrated pest management program for potato seed production
involving elimination of winter hosts, distribution of free certified seed potatoes
to home gardeners, and insecticide treatment ofbedding plants was implemented
in the Grace area ofldaho in the 1960s (Bishop 1967). More recently, prophylactic
insecticide treatments have supplanted this integrated program. Because of new
restrictions on insecticide use, assessment of the feasibility of integrated pest
management has become attractive. The source of M. persicae in seed production
areas that are too cold for survival of primary hosts is thus a matter of scientific
and applied interest. Though bedding plants have been suspected as a major source
of aphids, there is no published survey objectively documenting frequency of
infested bedding plants in a major potato seed production area. There is also no
published information as to whether or not aphids on bedding plants are virulifer-
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Table 1. Myzus persicae infestation of commercially available bedding plants in eastern Idaho seed
potato production areas. Survey conducted 14-18 May 1990.
No. salable
units

City/area•

American Falls/ Aberdeen (2)
Arco/Mackey (4)
Ashton/St. Anthony (4)

Burley (2)

Idaho Falls (7)

Pocatello (5)

Resburg (6)

Soda Springs/Grace (3)

Teton basin (3)

Plant examined

eggplant
pepper
cole crops
pepper
cole crops
eggplant
forget-me-not
pepper
petunia
cole crops
eggplant
pepper
cole crops
eggplant
pepper
cole crops
eggplant
pepper
cole crops
eggplant
forget-me-not
pepper
cole crops
eggplant
pepper
petunia
cole crops
forget-me-not
pepper
petunia

examined

11
24
33
34
24
20
3
46
12
2
18
21
35
54
109
12
28
99
62
8
9
87
40
11
42
12
37
10
28
8

No. infested
with GPA

PLRV
transmissionb

8
15
11
21
12
11
0
14
3
0
12
10
6
25
31
2
12
54
10
0
0
27
4
11
13
10
0
8
19
0

0/ 30
0/ 30
0/30
0/ 50
0/ 5

0/ 10

019
0/ 17
0110
0/47
0/ 37
0110
0/ 32
0/25

0/40
0/4
0/ 10
0/ 20

0/ 30
0/ 30

• Number in parentheses is the number of commercial outlets surveyed. The information is pooled
by community/area. Not every business had infested plants.
b Number of aphids transmitting/number tested. Readings on concurrent controls were: aphids with
no access to PLRV, 0/20; no aphids, 0/20; aphids fed on known PLRV source, 12/20.

ous. This survey tried to determine if commercially available bedding plants are
presently a source of M . persicae and if they are a potential source of PLRV
inoculum in Idaho's major seed production areas.
METHODS AND MATERIALS

The survey was carried out from 14-18 May 1990, in all major eastern Idaho
potato seed production areas and nearby larger cities (Pocatello, Idaho Falls and
Rexburg). Bedding plants originating from nurseries in Idaho and surrounding
states were inspected in 36 commercial outlets in 14 communities.
Only those plants known to be good hosts of M . persicae were examined: cole
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Table 2. Myzus persicae infestation of commercially available bedding plants in eastern Idaho seed
production areas summarized by plants. Survey conducted 14-18 May 1990.
Salable units
Plant

Cole crops
Eggplant
Forget-me-not
Pepper
Petunia
Totals

No. examined

No. infested

%infested

245
150
22
490
32
939

45
79
8
204
13
349

18.4
52.7
36.4
41.6
40.6
37.2

crops, eggplants, peppers (green and chili) and certain ornamentals. Results were
scored in terms of salable units rather than individual plants (i.e., if plants were
sold in trays of six plants, the number recorded would be number of trays infested
out of number examined).
Aphids infesting bedding plants might originate on hosts other than those examined at commercial outlets allowing for the possibility, however slight, of
previous PLRV acquisition. To examine this possibility, at each location where
infested plants were found, three infested plants were purchased, individually
caged and returned to the laboratory. The aphids were then transferred to Physalis
floridana L. seedlings for a 72 h inoculation access period. After removing the
aphids with an insecticide spray, the plants were held for three weeks in the
greenhouse and observed for PLRV symptoms.
RESULTS AND DISCUSSION

Plants infested with M. persicae were found in every community/area surveyed
(Table 1), but not in every store. In all, infested plants were found in 72% of the
outlets surveyed. Percentages varied from 25% in Ashton/St. Anthony to 100%
in American Falls/Aberdeen, Burley and Pocatello. Overall, approximately 42%
of the peppers and 53% of the eggplants were infested with green peach aphids
(Table 2). Forget-me-nots and petunias (mostly very young petunia plants) were
similarly infested, and cole crops (Brussels sprouts, broccoli, cabbage and cauliflower) were less frequently infested. This survey indicates that commercially
available bedding plants remain a major source of M. persicae in the eastern Idaho
seed production areas.
None of the plant species examined in this survey are known hosts of PLRV.
Although these plants provided a significant source of M. persicae, they were not
a source of viruliferous aphids that may have originated on PLRV hosts. Testing
of 4 76 aphids for PLRV transmission revealed none transmitted the virus to P.
floridana seedlings.
As restrictions on insecticide use increase, there is a need to return to an
integrated approach to aphid management. Success of Bishop's (1967) pilot program depended, in part, upon control of aphids on bedding plants. It is likely that
interdiction of infested bedding plants, coupled with elimination of volunteer
peach and apricot seedlings and distribution of free certified potato seed to home
gardeners would significantly reduce aphid infestation levels and PLRV incidence
in Idaho seed production areas.
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Blackman (1987) and Blackman & Paterson (1986) have shown that M. persicae,
in its historical sense, is actually a complex of morphologically similar species.
It would be problematic if sibling species in the M . persicae complex have
differential vectoring abilities for PLRV. Future work should be done to assess
the ability of aphids originating on bedding plants to colonize potato and their
efficiency in transmitting PLRV.
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RATES OF PREDATION BY CHRYSOMYA RUFIFACIES
(MACQUART) ON COCHLIOMYIA MACELLARIA (FABR.)
(DIPTERA: CALLIPHORIDAE) IN THE LABORATORY:
EFFECT OF PREDATOR AND PREY DEVELOPMENT
JEFFREY D. WELLS AND BERNARD GREENBERG
Department of Biological Sciences, University oflllinois at Chicago,
Chicago, Illinois 60680

Abstract.- Chrysomya rufifacies (Macquart) is a blow fly that was recently introduced to North
America. Because the larvae of this species are facultative predators on other maggots, native
North American carrion flies probably will be negatively affected by the invasion. Cochliomyia
macellaria (Fabr.), the native calliphorid with the greatest bionomic similarity to the invader,
was selected as the prey species for a laboratory study of predatory behavior. We investigated
the influence of both predator and prey development on predation rates when single predators
and prey were paired in the laboratory. Third instar C. rufifacies consumed third and, at a lesser
rate, second instar C. macellaria. Earlier instars were not predaceous. Both relatively small and
relatively large third instar C. rufifacies consumed the same number of mid-size prey.
Key Words.-Insecta, Calliphoridae, Chrysomya invasion, predatory behavior, Cochliomyia prey,
effect of development

The Old World blow fly Chrysomya rufifacies (Macquart) was apparently introduced to Costa Rica around 1978 (Jiron 1979). Since that time it has been
collected in Baja California and Caifornia (Greenberg 1988), Texas (Richard &
Ahrens 1983), and Arizona (Baumgartner 1986). Chrysomya rufifacies is an important parasite of newborn calves in extremely wet areas of Hawaii (Shishido &
Hardy 1969) and concern has been expressed about the economic impact of this
species in its new range (Schmidt & Kunz 1985). Chrysomya rufifacies larvae are
facultative predators on other maggots including parasitic species (Fuller 1934).
Because of this habit, and because C. rufifacies is typically a secondary invader
of both carrion and live mammals (Fuller 1934, Norris 1959), the net economic
effect of this fly is often unclear.
Carrion arthropod species display a continuous succession in a carcass (Schoenly
& Reed 1987). Two species occupying the same carcass may avoid particular
interactions simply because the necessary developmental stages do not meet. It
is of interest, then, to know what interactions are possible between various life
stages. Both second and third instar Chrysomya rufifacies have been described as
predaceous (Goodbrod & Goff 1990), but the relative behavior of the different
instars and the size of the prey that can be subdued have not been reported. As
part of a study of the ecology of this fly and its impact on native Diptera, we
investigated the effect of both predator and prey development on C. rufifacies
predation rates in a laboratory setting. The prey species was Cochliomyia macellaria (Fabr.), the North American fly with the greatest bionomic similarity to
the invader (Nicholson 1934, James 1947, Hall 1948, Bohart & Gressitt 1951,
Denno & Cothran 1975, unpublished data), and presumably its closest ecological
homolog.
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METHODS AND MATERIALS

Experiment 1.- Single C. rufifacies and C. macellaria larvae were confined
together in 55 x 13 mm plastic petri dishes lined with moistened filter paper.
Dishes were placed on a laboratory bench at 23° C with lights on. Larvae from
laboratory colonies had been reared on an excess of ground beef. Treatments were
the nine possible combinations of the three larval instars of each species. Approximate body lengths of the larvae used were 2.3, 7.4 and 10.5 mm for first,
second and third instar C. rufifacies, and 2.3, 7.0 and 16.8 mm for first, second,
and third instar C. macellaria. Twenty pairs were created for each treatment. The
dishes were simultaneously arranged in a random pattern within 20 rows and nine
columns. The larvae were constantly scanned for 5 h and instances of successful
predation (C. macellaria consumed) by C. rufifacies were recorded for every hour
(C. rufifacies curls around and pierces its prey which struggles violently in response)) Following this, the larvae were left in place with the lights off for 17 h
and again examined for evidence of predation.
Experiment 2. - Larvae were confined as in experiment 1, but in this case we
examined the effect of predator size when third instar C. rufifacies attack third
instar C. macellaria. Predator size was either relatively small (approx. 10.5 mm)
or relatively large (approx. 16.2 mm) matched with one prey size (approx. 12.5
mm). Care was taken that post-feeding larvae were not used for the larger predators. Again, 20 dishes for each treatment were set up and arranged at random
within a pattern of 10 rows and four columns. Because the great majority of
predaceous acts in experiment 1 occurred within the first hour (see below), the
larvae were constantly scanned for 1 h and instances of predation were recorded
for each 0.5 h.
RESULTS AND DISCUSSION

The numbers of dishes with predation in experiment 1 were 17 of the paired
third instars, seven of third instar C. rufifacies with second instar C. macellaria,
and zero for all other treatments. All acts of predation between third instars
occurred within the first hour, but some from the second treatment occurred in
hours two (two dishes) and three (one dish). After the dishes were left overnight
in darkness a second instar C. rufifacies was observed feeding on a dead second
instar C. macellaria. This may have been either predation or scavenging. In
experiment 2 there was no difference in the number of prey taken by small versus
large C. rufifacies (15 each).
The conditions in this investigation were, of course, highly artificial and might
not represent true predation rates within a carcass. Still, the relative differences
in behavior seen here may exist in the field. Although second instar C. rufifacies
may be predaceous as reported, they were much less so than third instars.
Chrysomya rufifacies typically behaves as a secondary fly in that oviposition
occurs on carcasses already occupied by other larvae (Fuller 1934, Bohart &
Gressitt 1951, Early & Goff 1986). Our results suggest that an ecological refuge
exists for native Diptera that reach the post-feeding stage before third instar C.
rufifacies are present. We have found that all C. rufifacies instars are present in
goat carcasses when the food is exhausted (unpublished data), indicating that no
similar refuge could exist for species following C. rufifacies in succession.
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NEST BIOLOGY OF OSMIA (DICERATOSMIA)
SUBFASCIATA CRESSON IN CENTRAL TEXAS
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Abstract. -Nests and provisioning behavior of Osmia (Diceratosmia) subfasciata Cresson, a
widely distributed, polylectic, cavity nesting bee were studied in central Texas. Most study nests
were in borings in pine blocks, but field observations suggest snail shells also are used. Nest
plugs and partitions are formed of a mixture of masticated plant material and coarse sand with
both materials collected and mixed on the same foraging trip. Provisioning series consist of a
mix oflong and short foraging trips, with six to ten long trips required to provision a cell. Details
of the structure of the four layered cocoon are discussed and figured. Biologically novel features
included the initiation of the outermost cocoon layer while the larva is still feeding with the
margins of this layer being extended along the cell wall as feeding continues. Larvae spend part
of the summer in an extended prepupal diapause before pupating and eclosing to overwinter
within their natal cocoons. Floral pollen and nectar sources are listed and observations on the
biology of Chrysura pacifica (Say) (Chrysididae), a nest parasite, are presented.
Key Words. -Insecta, bee, nest biology, provisioning rate, cocoon, diapause

The subgenus Diceratosmia has been considered the most generalized group of
North American Osmia (Sinha 1958). Although American workers long considered Diceratosmia to be a distinct genus, it was reduced to a subgenus of Osmia
by Sinha (1958) in a treatment followed by most modem workers (Mitchell1962,
Hurd 1979, Michener 1979). Osmia (Diceratosmia) subfasciata Cresson is a widespread but little studied member of this assemblage with most observations on
its biology consisting only of brief reports of its use of beetle burrows in wood as
nest sites (Linsley 1946, Mitchell 1962), and collection records suggesting its use
of mud wasp nests and plant stems as nest sites (Cockerell1911). The only report
yielding any details on its nesting biology is a brief note by Krombein (1967: 311312) that described a single nest from Arizona, but gave little indication there is
anything distinctive about the biology of this bee. Our observations agree in
general outline with those of Krombein but differ significantly from his observations in several aspects of nest biology such as materials used in nest construction and duration of prepupal diapause. These differences, coupled with new data
on provisioning behavior and timing of cocoon formation, suggest that 0 . subfasciata is biologically more interesting than previously indicated.
MATERIALS AND METHODS

Observations on foraging behavior and nest construction were conducted from
1979 to 1990 at several sites in central Texas with most of the studies done
between 1986 and 1990 at the Brackenridge Field Laboratory (BFL) of the University of Texas, Austin, Texas. Artificial pine block trap-nests with diameters of
2.8, 3.2, 4.8 and 6.4 mm were set out at BFL as well as at Sayersville, Bastrop
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Co., and Charco, Goliad Co. Additional nests with bores of 5.8, 7.9 and 9.5 mm
were also set out at BFL. All2.8 mm and some 3.2 mm diameter nests had bore
depths of 45 mm. Most 3.2 mm nests and nests of all other diameters were bored
to a depth of 120 mm. Nests were set out in both large, shaded domiciles with
40 to 60 nests per domicile or in smaller exposed clusters of 12 to 16 nests at
BFL. Roughly equal numbers of nests of each diameter were used in each cluster
or domicile. Nests in the large domiciles, but not in the small clusters, were
replaced when empty nests were filled. The domiciles were placed 1 m from the
ground on poles equiped with various sticky traps and moats to exclude fire ants.
Nest clusters were taped or wired to tree limbs at 1 or 2m above the ground as
well as mounted on stakes at a height of 15 em above the ground. Four sets of
nest clusters were set out at Charco and Sayersville with two nest clusters on
stakes and two on tree limbs at each site. All nests were aligned with their long
axes horizontal to the ground.
Individual nests, or provisioning females, from BFL were coded by the year
followed by the nest number. Data on phenology and floral hosts were based on
the general collections and observations of JLN in central Texas from 1979 through
1989. Data are presented as the mean ± one standard deviation. Plant nomenclature follows Correll & Johnston (1970) and Johnston (1988). Insect vouchers
are deposited at the Brackenridge Field Laboratory, Austin, Texas and the Snow
Museum, University of Kansas, Lawrence Kansas.
Observations on larval development were based on trap-nests opened in the
laboratory and maintained at room temperature (24° C to go C summer and 15°
C to 22° C winter). Torchio (1989) found that in several Osmia spp., the first
larval molt occurs before hatching so that the first evident instar is actually the
second yielding a total of five larval instars. Our methods were inadequate for
detecting if such an early molt occurs in 0. subfasciata so our discussion refers
to the number of instars assuming the eclosing larva is the first instar although
we recognize this may be incorrect.
Pollen collection records were based on field observations and analyses of samples of scopalloads and nest provisions. Pollen from scopal loads was mounted
in glycerine for microscopic examination and sorted to plant morphospecies with
the aid of a reference pollen collection. Crude pollen volume per morphospecies
was estimated from pollen volume per grain times number of grains per sample
(minimum of200 grains for total sample). As a conservative measure, only pollens
of species constituting 10% or more of the volume of a sample were considered
to have been actively collected because some pollen will be picked up incidental
to nectaring and many flowers may show high levels of"contamination" offoreign
pollen which may be unintentionally collected by a bee.
RESULTS

Phenology and Floral Hosts. -Osmia subfasciata is a strictly vernal species in
central Texas. Collection records suggest the species is weakly protandrous with
females having much greater longevity than males (Fig. 1). We have collected
males from 3 Mar to 14 May in central Texas with most records from the last
half of March, although females were collected from 14 Mar to 19 Jun with most
activity from the last half of March through April. Lifespans of individual bees
are unknown.
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Figure 1. Central Texas collections records for 0. subfasciata indicating pattern of seasonal abundance. Males = hatched bars. Females = solid bars. Horizontal axis in 2 week periods.

Females of Osmia subfasciata are clearly polylectic, collecting pollen from a
wide array of plants. We recorded 0 . subfasciata visiting flowers of 32 genera in
14 families in central Texas (Table 1). Hurd & Michener (19 55) listed an additional
three families and nine genera of plants visited by 0. subfasciata in Texas. NonTexas
records (Hurd & Michener 1955, Mitchell 1962) bring the total to 18 families
and 48 genera. Osmia subfasciata collected pollen of at least 13 genera in nine
families in central Texas (indicated by the letter Pin Table 1). Analysis of pollen
loads and nest contents from trap-nests indicated 54% (14 of 26) of the scopal
loads contained mixtures of pollens (two or more pollens each representing at
least 10% ofpollen load volume).
Nest Structure. -Considerable variation in body size is seen in central Texas
0. subfasciata with males usually smaller than females. Males were 7.1 ± 0.8
mm (range 5.8-8.7; n = 25) in length with thoracic widths of 2.2 ± 0.2 mm
(range, 1.8-2.6; n = 25). Females were 8.5 ± 0.8 mm (7.0-9.7; n = 25) in length
with thoracic widths averaging 2.7 ± 0.5 mm (2.2-3.1; n = 25). Females initiated
nests in wooden traps with bore diameters of 3.2 (n = 4), 4.8 (n = 11) and 6.4
mm (n = 2). Only the long 120 bores were used by 0. subfasciata. Our sample
of nests suggests diameters of 3.2 to 4.8 mm, a size best fitting observed female
cross-sectional area, were the preferred nest diameters for 0. subfasciata. Unlike
many taxa collected during trap-nesting programs, 0. subfasciata is apparently
not gregarious as we never found more than one female active at a given trapnest station.
As is common in Osmia, but not in some trap-nesting Hop/itis, nest walls were
unlined, even in nests with diameters significantly larger than that of the cross-
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Table 1. Central Texas floral records for Osmia subfasciata.
Plant family

Asteraceae

Berberidaceae
Brassicaceae
Cactaceae
Commelinaceae
Fabaceae

Hydrophyllaceae

Lamiaceae

Malvaceae

Onagraceae
Rubiaceae
Sapindaceae
Solanaceae
Verbenaceae

1

Plant taxon

Chaetopappa bellioides (A. Gray) Shinners
Crepis sp.
Engelmannia pinnatifida Nuttall
Coreopsis nuecensis Heller
Coreopsis basalis var. wrightii (A. Gray) Blake
Erigeron sp.
Gaillardia pulchella Fougeroux
Hymenoxys scaposa (DC) Parker
Krigia occidentalis Nuttall
Lindheimera texana Gray & Engelmann
Berberis swaseyi Buckley
Lesquerella grandiflora (Hooker) Watson
Lesquerella argyraea (A. Gray) Watson
Opuntia macrorhiza Engelmann
Tinantia anomala (Torrey) Clarke
Cercis canadensis L.
Desmanthus velutinus Scheele
Lupinus texensis Hooker
Prosopis glandulosa Torrey
Vicia villosa Roth
Nama hispidum A. Gray
Nemophila phacelioides Nuttall
Phacelia congesta Hooker
Phacelia patuliflora (Engelmann & A. Gray) A. Gray
Brazoria sp.
Monarda citriodora Cervantes
Teucrium cubense Jacquin
Callirhoe leiocarpa Martin
Callirhoe involucrata (Torrey) A. Gray
Sida abutifolia Miller
Sphaeralcea lindheimeri A. Gray
Oenothera speciosa Nuttall
Hedyotis nigricans (Lamark) Fosbery
Ungnadia speciosa Endlicher
Chamaesaracha sordida (DunaJ) A. Gray
Verbena bipinnatifida Nuttall
Verbena officina/is L. ssp. halei (Small) Barber

Visited by
~
~
~
~
~
~
~

~P, ~
~
~
~
~p

~
~

~p

~. ~
~p
~p

~P, ~
~
~p

~P, ~
~p
~
~
~p

~. ~
~

~P, ~
~
~p
~p
~p

~
~
~

~. ~

P indicates known pollen host.

sectional diameter of the bee. Partitions, basal plugs and entrance plugs were
constructed of a mixture of coarse sand and masticated plant material (Figs. 2,
3). The entrance plug was single layered, 3-6 mm thick, and had a smooth, concave
outer surface. The margins of the plug were usually flush with, or more rarely
recessed 3-6 mm from, the nest entrance. The entrance plug was followed by one
or two vestibular cells of 6-4 7 mm in length. The partition between the vestibular
cells, or the outermost cell partition, if only one vestibular cell was present, was
consistently thicker than the inner brood cell partitions and sometimes thicker
than the entrance plug. Partitions between inner cells were quite thin medially
(0.2-0.3 mm) but thicker along the cell wall (0.5-1.0 mm). In one case, a female
was found to have used a nest previously occupied by a eumenid wasp and had
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Figure 2. Female 0 . subfasciata adding soil to masticated leaf material (7 x ).

used portions of some of the remaining mud partitions as bases for her own nest
partitions.
Nests consisted of linear series of 2-12 brood cells. These cells varied from
5.5-12.0 mm in length or 60.0 to 322.0 mm 3 in volume depending on nest
diameter. Lengths of brood cells averaged 8.4 ± 0.6 mm (7.5-9.7; n = 21) in
nests with diameters of3.2 mm and 7.9 ± 1.3 mm (5.5-12.0, n =52) and 7.9 ±
1.4 mm (6.5-12.0, n = 11) for 4.8 and 6.4 mm diameter nests respectively. No
consistent pattern was evident between brood cell length and its position within
a nest. Too many bees escaped from nests without being sexed or were detroyed
by parasites to allow accurate estimates of sex ratio or position of sexes within
nests. Limited available data suggest that, as is common in sexually dimorphic,
trap-nesting species with large females, females are produced primarily in the
innermost cells. Only males were produced from the two 3.2 mm diameter nests.
The provision mass was firm and uniformly moist (except for dry loose pollen
along the walls), filling most of the cell. The outer face of the provision mass
slanted towards the cell entrance, the upper part of the mass being the furthest
from the entrance. Females inserted the posterior end of the egg in a moistened
area on the upper third of the slanted face with the anterior portion of the egg
remaining free but curving down over the provisions.
In addition to trap-nests, we observed females of 0 . subfasciata investigating
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Figures 3-4. 0. subfasciata cell and cocoon structure. Figure 3. Cross-section of anterior portion
of cocoon with attached nest partition (12.2 x ). (a) partition of coarse sand and masticated plant
material. (b) outer cocoon layer adhering to partition. (c) outer sheets of inner cocoon. (d) fibrous layer
of nipple. (e) middle layer of inner cocoon. (f) innermost layer of inner cocoon. Figure 4. Cross-section
of cocoon nipple (49 x ). (a) elaboration of middle layer of inner cocoon. (b) fibrous inner layer of
nipple. (c) innermost layer of cocoon.

various small, empty snail shells at BFL where a single-celled bee nest was found
in one of these shells by A. Hook (personal communication). Although the nest
was destroyed when opening the shell, the plug was of the characteristic sand/
plant mastic mix. This, along with its small size, suggests it was a Disceratosmia
nest. Osmia subfasciata is the only Diceratosmia known to occur at BFL, and
other small megachilines occurring there use different materials in their nest
partitions. It thus seems likely that 0. subfasciata, like Osmia conjuncta Cresson
(Rau 19 37), occasionally constructs nests in snail shells.
Nest Construction. -Nests were initiated by placing a thin layer of the sand/
masticated plant material mix at the end of the burrow. Sand and plant material
were collected on the same trip. At Sayersville, we repeatedly observed female 0.
subfasciata chewing leaf margins of Helianthemum georgianum Chapman (Cistaceae), forming a small ball which was held beneath the mandibles. The bee then
moved to an area of loose sand and dropped the ball of chewed leaf material on
the sand surface where she proceeded to chew and knead the ball as she rolled it
over the soil surface incorporating soil/sand particles into the mass (Fig. 2). Individuals were observed to return to the same small one or two m 2 areas for five
or more consecutive leaf-soil loads. Source of the plant material at other sites is
unknown but presumably a variety of plant taxa is utilized. Upon returning to
the nest, the female laid down a low rim of the soiVleaf masticate mix which
served as the base of the partition separating the first two cells of the nest. Construction of such a rim, known as Fabre's threshold (Malyshev 1936) is widespread
among megachiline bees (Frohlich 1983; JLN, personal observation). After provisioning and ovipositing in the first cell, the female closed the cell delimited by
the initial rim and constructed another rim. This pattern continued until the final
cell of the nest was completed.
Bee 87-7 required 11 trips and 97.7 minutes to finish a partition and construct
a new rim. During this period she averaged 6.3 ± 1.73 min (2.82-9.63; n = 11)
in the nest and 2.58 ± 2.34 min (0.76-8.78; n = 11) away from the nest. Female
0 . subfasciata apparently are able to construct and provision two cells per day.
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The female observed in 1989 at BFL took six days to complete a 12 cell nest (897) and then six days for a nine cell nest (89-18).
Provisioning Behavior. -Because females in the small3.2 and 4.8 mm diameter
nests had to exit the nest to turn around to deposit pollen, time in the nest after
pollen trips could be separated into nectar and pollen deposition components.
Female 89-7 averaged 0.76 ± 0.19 min (n = 11) in the nest for nectar deposition
and 1.00 ± 0.30 (n = 11) for pollen deposition. Female 87-7 was somewhat faster,
averaging 0.31 ± 0.14 (n = 9) for nectar deposition and 0.71 ± 0.21 for pollen
deposition. The preceding times for pollen deposition exclude the long final period
of a provisioning sequence which presumably represents final pollen mass preparation and oviposition. This final period was 5.35 min for bee 87-7, and 4.45
min for bee 89-7.
Interpretation of foraging patterns was complicated by the lack of consistency
in the duration of pollen trips. A complete provisioning series for a male cell in
nest 89-7, provisioned on 19 Apr 1989 required 192 minutes. This entailed 10
or possibly 13 pollen trips. The variable estimate stems from the fact that most
pollen trips were relatively long, averaging 16.05 ± 2.78 min (12.04-22.29; n =
9) but there were also three short trips averaging only 2. 74 ± 1.22 min (2.024.15; n = 3) when the bee returned with pollen. It is likely the short trips were
not true pollen trips but we cannot be sure as we were not able to tell if the bee's
scopa still contained pollen when she exited the nest. The female behaved as if
she were depositing pollen prior to leaving for the apparent short pollen trips.
Another cell provisioned on 1 Apr 1987 showed the same pattern. This cell
required only 88 minutes and six long trips with a mean of 15.07 ± 4.66 min
(6.12-19.90) and four short ones with a mean of 1.46 ± 0.85 min (0.89-2.71).
A similar mix of long and short trips was observed in other partial provisioning
series noted in 1987, 1989, and 1990. The short trips may have been nectar trips
or perhaps represent a form of defensive behavior against nest parasites which
oviposit in open cells.
Development and Cocoon Structure.- Larvae fed without moving from the
initial position of egg insertion during the first three instars. The conspicuously
setose fourth instar occurs six to seven days after hatching and then begins moving
over the provision mass. Defecation is initiated one to two days after molting to
the fourth instar. The pale, flattened fecal pellets are initially placed on the distal
portions of the cell, particularly the distal walls and outer margins of the cap.
Individual pellets free from the wall are curved, have tapered ends, and are 0.60. 7 mm long. The curved, ventral surface of an individual pellet had a weakly
defined, shallow, longitudinal groove. Pellets produced later become strongly flattened, even ribbon-like, as they are closely appressed to the cell wall or outer
layer of the cocoon.
Thte cocoon consists of four layers in two distinct structures, an inner and outer
cocoon (Fig. 3). The outer cocoon is single-layered and is initiated two to three
days after molting to the final larval instar, well before the completion of feeding
as two-thirds to three-fourths of the provision mass remains at that time. The
initial portion of the outer cocoon layer consists of a tough translucent membrane
placed over, and closely adhering to, the cell cap and anterior portions of the cell
wall up to the edges of the remaining provisions. This portion of the cocoon is
laid over the initial layer of fecal pellets. The outer cocoon is extended along the
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cell walls, sometimes after the deposition of more fecal pellets, as the walls are
exposed by continued feeding. Additional fecal pellets are deposited on the inner
surface of this cocoon layer. The provisions are completely consumed roughly
four to five days after the initiation of the outer cocoon. The outer cocoon is
completed by covering the base of the cell after the completion of feeding.
The inner cocoon, initiated after the completion of the outer, required two or
three days to construct and consisted of three layers. The outermost is formed by
a series of thin, translucent sheets with a few embedded threads. These sheets are
apparently laid down as overlapping series which are attached both to one another
and to the outer cocoon. The innermost of these translucent sheets forms the
foundation for the relatively thick (0.02 mm), tough, brown, opaque middle layer.
Closely appressed to the inner surface of the middle layer is a thin, translucent
inner layer.
The anterior end of the inner cocoon is elaborated into a nipple (Figs. 3, 4), a
complex structure which apparently serves as an air exchange mechanism for the
otherwise impervious cocoon. Seen from within, the innermost portion of the
nipple appears as an opaque, smooth brown disk surrounded by a paler ring. In
cross section, it can be seen that the disk is formed by a tightly packed region of
the tough brown fibers which fill the mesal, hemispherical region of the nipple.
The thick layer of tough threads is covered by, and grades into, the thickened
continuation of the opaque middle layer of the cocoon. This thickened opaque
layer is not continuous, having a central opening of approximately 0.3 mm. This
central opening is filled with a continuation of the inner layer of coarse threads
which in turn intergrades with dense translucent sheets covering the outer surface
of the nipple.
Osmia subfasciata is univoltine in central Texas. After the completion of cocoon
spinning, there is a relatively long larval diapause of approximately 90 to 110
days before pupation. Larvae completing cocoon construction by 6 May pupated
by 5 Aug when kept in the lab at room temperature (23.3°-27.7° C). However
larvae from a nest constructed at the same time but left in the field did not pupate
until 30 Aug. Individuals overwinter as adults within their natal cocoons.
Mating Behavior.-Mating was rarely observed although males are commonly
observed patrolling female pollen and nectar sources such as flowers of Cercis,
Nemophila or Berberis during the initial portions of the flight season. Mating,
including a period of post-copulatory mate guarding, was prolonged and was
observed only at flowers. Males were never observed at nest sites or areas of
female emergence when occupied trap nests were placed in the field. It is likely
that female 0. subfasciata mate only once, or at most a few times, during a brief
receptive period.
Predators and Parasites. -Nest parasitism was not extensive with only two
species of nest parasites reared. Bombyliid larvae were reared from two outer cells
of BFL trap-nests. Pupal morphology indicated they were Anthracinae, presumably Anthrax, but neither individual was able to pierce the nest closure to exit
and both failed to eclose. The other nest parasite was the small chrysid wasp,
Chrysura pacifica (Say) which was reared from nests from Sayersville set out in
1986 and 1989. Chrysura pacifica has not been collected at BFL. Our observations
of C. pacifica larval development agreed with earlier observations of C. pacifica
attacking Osmia pumila Cresson (Krombein 1967: 446). The four-celled Sayers-
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ville 89 nest included six C. pacifica: two cells with two C. pacifica, and two with
one. The eggs have a thick, tough chorion and are deposited near the basal portion
of the provisions. In a cell where larval development was followed completely,
the C. pacifica egg hatched one day after the 0. subfasciata egg (three to four days
after 0. subfasciata oviposition). The C. pacifica larva remained quiescent for
three days before beginning to move forward over the provision mass, aided by
an unusual bifurcate caudal segment. After two days of movement it reached and
attached itself with its mandibles to the still sessile, third instar 0. subfasciata
larva. A second C. pacifica larva, previously hidden on the opposite side of the
cell, attached itself to the 0. subfasciata larva on the following day. The 0 .
subfasciata larva molted to the fourth instar the following day (seven days after
hatching) and both larvae were detached, with only one reattaching to the now
setose, free moving 0. subfasciata larva. The remaining first instar C. pacifica
larva remained inactive but attached to the 0. subfasciata larva for an additional
12 days, during which the 0. subfasciata larva completed constructing its cocoon.
It then began feeding on the 0 . subfasciata larva and its own growth became
obvious. Feeding continued for five days, after which the 0. subfasciata larva was
badly shriveled. Unfortunately, the C. pacifica larva was killed by a laboratory
infestation of Chaetodactylus mites which almost certainly came from infested
nests of Osmia ribifloris Cockerell stored nearby. Mites developed from egg to
adult on provisions and feces of 0 . subfasciata but no infestations were observed
in field collected nests nor were mites present on adults.
Miltogrammine flies were common at the BFL nest site but apparently were
associated with various sphecid and eumenid wasps using the domicile as none
were observed at bee nest entrances. The surface of the pollen mass from one cell
in nest 89-18 in which the egg failed to hatch was encrusted with the black fruiting
bodies of Ascosphaera. The fungus was not noted in other cells. The only observation of predation was a female captured by the common red assassin bug,
Apiomerus spissipes (Say), at flowers of Verbena officina/is Linnaeus ssp. halei
(Small) Barber, at Pedemales Falls State Park, Blanco Co., Texas.
DISCUSSION

Our observations on nest structure and cocoon structure of 0 . subfasciata agree
with those of the only previous study by Krombein (1967) in many features of
general nest architecture but differ in a number of important aspects. Krombein
reported that partitions in his nest from Scottsdale, Arizona, were constructed
only of masticated leaf material rather than the sand/plant mix we found in Texas.
Use of a combination of sand or soil and masticated leaf material for nest construction is common in the Hoplitis-Anthocopa-Proteriades complex, particularly
in the subgenera Penteriades, Hoplitina, Xerosmia, Acrosmia, Atoposmia, Eremosmia and Hexosmia (Parker 1975, 1978a, b). However, it apparently is uncommon in Osmia (sensu Sinha 1958). Published accounts indicate the vast
majority of Osmia species use either soil or plant masticate in nest construction
but not both (Iwata 1976, Rust 197 4). Exceptions among American species include
Osmia (Cephalosmia) californica Cresson, which constructs nest plugs and partition of a mix of mud and masticated plant material (Levin 1966, Rust 1974,
Torchio 1989), and Osmia (Trichinosmia) latisulcata Michener, which uses a
sand/plant masticate mix for cell partitions and plant masticate and pebbles for
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nest plugs (Parker 1984). Both mud and plant masticate are used in constructing
the urn-like cells of some members of subgenus Acanthosmioides (Rust et al.
1974). The use of a sand/plant masticate mix in nest construction appears to be
unusual even within Diceratosmia. Nest construction materials in various species
of Diceratosmia have been described as leaf paste (0. conjuncta [Rau 1937]), leaf
pulp (Osmia gallarum Spinola [Iwata 1976]), and green putty (Osmia versicolor
Latreille [Fabre 1915]). If Diceratosmia is actually the sister group of all other
Osmia (sensu Sinha 1958), it is tempting to suggest that the sand/plant pulp
mixture is the primitive nest construction material for this lineage, but the occurrence of mud, plant masticate, or various mixes as nest construction materials
by taxa scattered throughout the genus renders this highly speculative.
Initiation of cocon spinning before the completion of feeding also appears to
be unusual among megachilines. Although production of a few threads, which aid
in holding the feces in place prior to cocoon completion, is common among
megachilines (Stephen et al. 1969, Torchio 1989), production of a distinct sheet
as produced by 0. subfasciata is not. Unfortunately, there are relatively few studies
of development which would allow one to ascertain accurately when cocoonspinning is initiated. The only other megachiline we are aware of that regularly
initiates cocoon construction well before completing feeding is Hoplitis (Robertsonella) simplex (Cresson) (JLN, personal observation).
There is considerable variation in cocoon structure within Osmia. The cocoon
of 0 . subfasciata is a distinctive combination of elements found elsewhere in the
genus. The tough, nippled, multilayered cocoons of Osmia s. str. (Rust 197 4; JLN,
personal observation) appear to be virtually identical to the inner cocoons of 0 .
subfasciata. The presence of a well formed anterior layer of the outer cocoon is
apparently more unusual in Osmia although a very similar structure is present in
cocoons of 0. latisulcata (Parker 1984). A well defined anterior portion of the
outer cocoon is present in at least some species of H oplitis and Chelostoma (Parker
1988; JLN, personal observation).
The extended prepupal diapause we observed in 0. subfasciata also appears to
be unusual among megachilines which overwinter as adults. A review of published
reports suggests most Osmia larvae pupate within thirty days of cocoon completion. Significant exceptions are the two year individuals of parsivoltine species,
which typically spend their first winter as prepupae (Torchio & Tepedino 1982)
and larvae of Osmia nigrifrons Cresson that have prepupal diapause lasting 130150 days (Rust et al. 1974). In addition, we have found that central Texas populations we studied of Osmia ribifloris have an extended prepupal diapause of
100-150 days (unpublished data) even though populations from northern Nevada
have a brief pre pupal diapause (Rust 19 86). Although we are unaware of conclusive
proof, it is generally believed that the prepupal stage of bees has lower metabolic
requirements and is more resistant to environmental stress than the adult. Presumably this explains why the prepupal stage is the one most commonly used for
overwintering or extended diapause.
Nonetheless, overwintering as an adult is common among cool-temperate bees
which emerge in the early spring (Stephen et al. 1969). Overwintering as an adult
presumably facilitates early emergence and avoidance of pupation under cold or
otherwise unsuitable conditions. However, overwintering as an adult by vernal
bees may regularly expose diapausing adults to potentially lethal temperatures

1992

NEFF & SIMPSON: NEST BIOLOGY OF OSMIA

25

and/or moisture stress in areas of high summer temperatures. A recent study has
shown that diapausing adult Osmia cornifrons Radoszkowski kept at 22° C had
a survivorship rate (76%) nearly twice that of individuals maintained at 30° C
(39.9%) (Maeta 1978). Excluding Osmia, most osmiine bees overwinter as prepupae so it is possible that the extended prepupal diapause we observed in 0.
subfasciata simply reflects retention of the plesiomorphic state. However, we
believe that in Osmia, extended prepupal diapause is a derived condition facilitating tolerance of extended hot conditions, particularly those with high night
temperatures such as are commonly encountered during central Texas summers.
Average minimum monthly temperature exceeds 18° C from May through September in central Texas (Conway & Liston 1974). We expect extended prepupal
diapause will be found in other Osmia spp. of central Texas as well as in other
regions with high night temperatures. Osmia subfasciata larvae from Scottsdale,
Arizona reared in a Washington, D.C. laboratory had a prepupal diapause of
roughly 45 days (Krombein 1967). The pattern of overwintering as an adult during
the winter before spring emergence, appears to be universal in Osmia and may
be an important factor limiting the southern distribution of the genus. Two year
old individuals in parsivoltine species of Osmia spend their first winter as prepupae, but their second as adults (Torchio & Tepedino, 1982). These cases represent an extreme form of extended prepupal diapause for some individuals.
Extended prepupal diapause appears to be a mechanism which minimizes exposure of diapausing adults to the temperature and moisture stress in warm climes
yet retains the flexibility for early spring emergence.
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San Francisco, California 94118
James Wilson "Bill" Tilden, entomologist, lepidopterist, naturalist, professor
emeritus at San Jose State University, died on 27 Dec 1988; four days before his
84th birthday, in San Jose, California, of injuries resulting from a fall at his home.
Memorial services were held at the Methodist Church in Philo, California, on 27
May 1989, and his ashes were buried at Philo in the Ruddock family cemetery.
Bill Tilden is known to many through his research and publications on Lepidoptera and ecology, including the books Butterflies of the San Francisco Bay
Region (Tilden 1965), A Field Guide to Western Butterflies (Tilden & Smith 1986),
and California Butterflies (Garth & Tilden 1986); through teaching for 22 years
at San Jose State University; and through his membership in many societies,
including the Pacific Coast Entomological Society. He was a member of this society
for 49 years-elected to membership at the 158th meeting on 30 Sep 1939-and
served as president in 1960. Several articles have been published on Bill's life
(Anonymous 1989; Helfer 1989; Moreno 1989; Opler&Smith 1990; Smith 1990a,
b), and this article complements information given in the others.
Bill Tilden was born 31 Dec 1904 in a shake cabin constructed by his father
in the hills above Philo and Anderson Valley, in Mendocino County, California.
He was the second of four children (he had an older sister and two younger
brothers) of Thomas Jefferson Tilden (6 Jul 1871-3 Jun 1945) and Charlotte
Almira Tilden, nee Ruddock (13 Apr 1887-7 Apr 1966).
Bill's grandfather, James Wilson Tilden (17 Sep 1827-2 Nov 1878), a mate on
a sailing ship, jumped ship in San Francisco to join in the Gold Rush. His
grandmother, Susan Dickerson Tilden (26 Jan 1844-6 Mar 1875), died at the
early age of 31, leaving her husband with three small children to raise. Upon the
death of Bill's grandfather, three years later in a boating accident in Sacramento,
the orphaned children were supported by the Independent Order of the Odd
Fellows.
Bill's father, a lumberman and carpenter, was born in Shingle Springs, in the
foothills of El Dorado County, California. He ran away from his foster home
when he was 14 and supported himself thereafter by his own resources. He worked
near Philo lumbering in the redwood forests with oxen teams. It was here that he
met Bill's mother, the youngest daughter of Albert G. Ruddock (1839-1895), and
Permelia Curtis Ruddock (1846-1932). Albert Ruddock was a road supervisor
and the first postmaster of Philo. Bill's father and mother were engaged to be
married for seven years while his father acquired the land and built his cabin.
They were married on 15 Aug 1900.
Bill's family moved from Philo in 1906, following the death, from diphtheria,
ofhis sister, Naomi Alice (1902-1905),just before her fourth birthday. This move
was not financially advantageous to the family but was necessitated by the grief
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Figures 1-5. Figure 1. Thomas Jefferson Tilden, ca. 1900. Figure 2. Charlotte Ruddock Tilden,
ca. 1900. Figure 3. Bill Tilden ten years old with two brothers-Thomas C. Tilden, four years old,
and Earl R . Tilden, two years old. Figure 4. Bill Tilden, high school graduation picture, 1922. Figure
5. Bill Tilden, San Jose State College graduation picture, 1942.

of his mother, who wanted to move elsewhere because of the loss of her daughter,
and concern over Bill's poor health.
Bill attended public schools in Philo, Turlock, Fresno, and Hilmar. At Hilmar,
a small town located south of Turlock in Merced County, the family lived on a
20 acre ranch between Tegner and Hilmar. Bill graduated from Hilmar High
School in 1922, completing his high school requirements in three years. Bill
wanted, at the time of his graduation, to attend the University of California at
Berkeley and to major in English Literature, but no funds were available for him
to do so.
In 1923, his father purchased 86 acres of second growth redwoods in Santa
Cruz, at Route 1, box 710 (now 3363 Branciforte Drive). About 10 acres were
available to grow garden produce and to plant an orchard. In Santa Cruz, his
father also worked as a carpenter. Bill was to make the family home his headquarters for the next 16 years, whenever he was not working elsewhere.
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Figures 6-11. Figure 6. Thomas and Charlotte Tilden, at Santa Cruz ranch, 1942. Figure 7. Bill
Tilden and Hazel Irene Miller Tilden, wedding day, San Francisco, California, 19 Jun 1943. Figure
8. Field day, 200th meeting of the Pacific Coast Entomological Society, Rock City, Mount Diablo,
California, 18 Apr 1948. Left to right, John R. (Jack) Walker, Bill Tilden, John P. Harville, and
Richard M. Bohart (photo by Edgar A. Smith). Figure 9. Vector Control Staff of Santa Clara County
Health Department: back row, left to right, Edgar Smith, Robert Cunningham, Roy Eastwood, Tal
Lloyd, Dean Ecke, and James St. Germaine; front row, left to right, Bill Tilden, Tom Sexton, Jerry
Kraft, Bruce Eldridge, and Rocci Pisano, 1954. Figure 10. Bill Tilden with children (left to right)
James, Janice and Bruce, Christmas picture, 1954 (photo by Hazell. Tilden). Figure 11 . Bill Tilden,
while on Vector Control Staff of Santa Clara County Health Department, 19 54.
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Bill's employment at this time included working for the Southern Pacific Railroad Company in San Francisco, in canneries, and as a fruit tramp with his
brothers, Tom and Earl. While following the fruit season from California to Idaho,
they managed a side trip to see Yellowstone National Park. Bill belonged to the
Musician's Union and played trombone in a band on the Santa Cruz Boardwalk.
That also included several engagements with The Miss America pageants, and
playing in San Francisco and elsewhere. He was proud of his association with
jazz groups and he later reminisced of participating in a jam session after a Santa
Cruz concert with Jack Teagarden, the famed trombonist. With his brother, Tom,
he collected insects of all orders for L. M. McQuesten of the National Insect
Company, of Davis, California. On one occasion, McQuesten loaned Bill and
Tom his car so that they could collect in the Sierra Nevada for him. Tom recalls
they returned by way of Madera, where they also collected insects from dead
sheep. McQuesten also loaned them a 41 0-gauge sawed-off shotgun, so that they
could shoot wild game for food. As Tom has commented, "These were the depression years and employment was hard to come by."
Bill became interested in natural history at an early age. He started an insect
collection when seven years old. He also enjoyed drawing birds with crayon, and
an aunt subscribed to Bird Lore for him. As was the custom for those who lived
on farms at that time, he shot robins and squirrels for food. His early correspondents included the entomological promoter, James Sinclair of San Diego, the then
Kansas lepidopterists William D. Field and Virgil F. Calkins, and the twin brothers
Arthur C. and Edgar A. Smith, ofLos Banos, California, in 1933. His first exchange
was made with Hugh Gibbon of Miniota, Manitoba, and early exchanges were
made also with Lionel Paul Grey. Bill told me that in 1927 he seriously began to
study Lepidoptera, aided by the Santa Cruz resident lepidopterists Edgar A. Dodge
and John P. Strohbeen. In his first publication, "Preliminary list of the butterflies
and skippers of Santa Clara and Santa Cruz counties, California" (Tilden 1940),
Bill acknowledged the help of Dodge, Strohbeen, Art and Ed Smith, and George
S. Mansfield. Between 1940 and 1987, Bill published over 100 articles (Smith
1990b) on Lepidoptera, Coleoptera, life histories, ecology, flies of public health
importance, etc. Some of these he wrote with co-authors, including John C. Downey, Carl D. Duncan, John S. Garth, James St. Germaine, David H . Huntzinger,
GeorgeS. Mansfield, William A. Palmer, Ernest R. Schoening, Arthur C. Smith,
and Bruce A. Tilden.
In 1938, 16 years after his graduation from Hilmar High School, and when 33
years of age, Bill enrolled at San Jose State College. This was made possible, in
part, by financial support from a friend, Charles "Chas" Bowles, a retired civil
engineer who lived along Indian Creek near Philo. He was a general naturalist
who had an interest in birds. Bill had an avid interest in birds as well as insects,
and it was evident to Bowles and others how knowledgeable Bill was, in spite of
the fact that he did not have a college education. Bowles told Bill that "you simply
have to go to college." Bill helped Bowles by being the driver on automobile trips,
including one to the deserts of southern California and Arizona. Bowles, in tum,
placed some funds in a bank account to get Bill started in college. In his freshman
year at San Jose State College, Bill roomed in an apartment at 72 South 6th Street
with his earlier entomological correspondents Art and Ed Smith, who were then
in their senior year. It was Art and Ed Smith who earlier made arrangements for
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Bill to meet Carl D. Duncan on the annual field day of the Pacific Coast Entomological Society that was held at Alum Rock Park, San Jose, on 8 Apr 1938.
That was the 152nd meeting of the Society, during which year Duncan was
president. On the basis of this meeting, Bill decided to attend San Jose State
College.
Bill graduated in 1942 from San Jose State College, receiving a Bachelor of
Science degree in Biological Sciences. This was at the height of the Second World
War, and he had applied for deferment so that he might attend medical school
at Stanford University. Because he did not receive word on his request, he decided
to enlist in the U.S. Navy in August 1942, rather than be drafted into the Army.
(Bill later received his letter of deferment when he was overseas!) After six weeks
of basic training on Treasure Island in San Francisco Bay, he served as a Pharmacist's Mate on the troop evacuation ship "Bloemfontaine," in the Pacific Theater, until V-J Day in 1945. His long-time friend Art Smith, who served with an
Air Force intelligence unit attached to Admiral Nimitz's headquarters (CincPac),
recalls how he was usually able to meet and visit with Bill, whenever his ship
docked at Pearl Harbor. Bill did some entomological collecting during his military
service, but this was hampered by travel restrictions.
Bill married Hazel Irene Miller in San Francisco on 19 Jun 1943, at which time
she was teaching elementary school at Tupman, in Kern County, California. Later,
Hazel taught in Redwood City in order to be close to Stanford University when
Bill was enrolled there. They first met, in their junior year at San Jose State
College, when in an ornithology class given by Gayle Pickwell. Bill and Hazel
were two of three students who made perfect scores on one of Pickwell's examinations.
On his return from military service, utilizing his "G. I. bill," Bill made arrangements to commence graduate work in the Department of Biology at Stanford
University, under the guidance ofGordon Floyd Ferris. He was assigned a graduate
student office in a wing of the Leland Stanford Junior Museum that served for
many years as the Natural History Museum (housing primarily Botany, Entomology, and Ichthyology). Bill completed his Master of Arts degree in 1947, with
the thesis topic, "The comparative morphology of the larval head in Lepidoptera"
(44 pages, and 14 plates). Ferris wanted him to continue work in morphology but
Bill strongly resisted. Bill was permitted to study "The insect community on
Baccharis pilularis De Candolle," and completed a Doctoral Dissertation (Tilden
1948) of 408 pages. This was published in part in Microentomology (Tilden 19 51 b)
and in additional papers (see a listing in Smith 1990b: 50-55). With the completion
of his doctoral degree in 1948, Bill became a member of the staffof the Department
of Biology, at the then San Jose State College (now University). He taught about
30 different courses in the 22 years before his retirement as Emeritus Professor,
in June 1970. His primary assignment, however, was Entomology.
Starting in the early 19 50s, Bill not only worked each summer for the Vector
Control program of the Santa Clara County Health Department, which was under
the management of Edgar A. Smith, but he also served as a consultant in the
identification of insects and other arthropods of public health importance throughout the years.
According to C. Don MacNeill, Bill pioneered in the study of our western North
American skippers. As MacNeill commented, most lepidopterists had avoided
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Figures 12-17. Figure 12. 12th Annual meeting of the Lepidopterists' Society held at the Santa
Barbara Museum of Natural History. Left to right, Fred T. Thorne, Charles L. Remington, John A.
Comstock, and Bill Tilden (photo Santa Barbara News Press). Figure 13. Tilden family on deck of
"Matsonia" leaving San Francisco, July, 1963. Figure 14. Left to right, Bill Tilden and Lloyd M.
Martin, Prescott, Arizona, 30 Mar 1972 (photo by Hazel I. Tilden). Figure 15. Roy 0. Kendall's Open
House, San Antonio, Texas, 22 Jun 1972. Left to right, Harry K. Clench, Charles V. Covell, Jr.,
Kenelm W. Philip, and Bill Tilden (photo by Hazel I. Tilden). Figure 16. San Antonio, Texas, June,
1972. Left to right, Mrs. Wilbur S. McAlpine, Bill Tilden, John C. Downey, and Wilbur S. McAlpine
(photo by Hazel I. Tilden). Figure 17. Lepidopterists' dinner on river boat, San Antonio, Texas, June,
1972. Left side of table, left to right-Harry K. Clench, Hazel I. Tilden, Bill Tilden, Jerry A. Powell,
Mignon Bush, Don R. Davis, and Julian P. Donahue; right side of table, left to right-Madeleine
Field, Lloyd M. Martin, Dorothy Martin, Stanley S. Nicolay, name unknown, and W. Donald Duckworth.
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the skippers because "they were difficult to catch, difficult to spread, and difficult
to classify." This only made them more interesting to Bill, and he collected these
and other butterflies extensively in California and Arizona. Because of his commitment to prepare a book on the western butterflies in the Peterson Field Guides
series, Bill took many field trips from 1969 through 1986. He covered over 200,000
miles of road travel throughout western North America from Texas and the
Mexican border east to Kansas and north to western Canada and Alaska (three
trips).
From July to August of 1963, Bill and his family spent six weeks on a sabbatical
travelling to four islands ofHawaii (Hawaii, Kauai, Maui, and Oahu). They arrived
in Honolulu aboard the "Matsonia" on 20 Jul and were met by their friend Richard
Kong and their landlord, Mr. Lum. The rent of $10 per day was charged for their
three bedroom house with sitting room, kitchen, washroom, two bathrooms, and
included the use of a 1953 Chevrolet. Bill was able to consult with J. Linsley
Gressitt and G. Allan Samuelson at the Bernice P. Bishop Museum. With Walter
C. Mitchell, University of Hawaii, Alan Thistle, State Department of Agriculture,
and other entomologists, he was able to observe and discuss problems concerning
termites, armyworms, cactus moth (Cactoblastis cactorum (Berg)), southern green
stink bug (Nezara viridula (L.)), sterilization of male fruit flies, etc. He became
acquainted with new methods of biological and vector control, information that
he incorporated in his course instruction at San Jose State University. He also
studied the Lepidoptera of the Hawaiian Islands.
In March 1978, Bill and Hazel were able to spend two weeks in Great Britain,
studying the Lepidoptera collection at the British Museum (Natural History) in
London, and visiting Scotland. They were able to meet the retired Keeper of
Entomology, Norman D. Riley, who had been away from the museum for months
because of a serious illness but was fortunately at the museum on one ofthe days
of their visit. This permitted them to have their copy of A Field Guide to the
Butterflies ofthe West Indies autographed by Riley. Richard I. Vane-Wright made
the Lepidoptera collection available for Bill's study of certain western North
American skipper types, including those of W. H. Evans.
Bill built a superb personal collection of North American butterflies, certain
moth families, and favorite Coleoptera families (Buprestidae, Cerambycidae, and
Meloidae). He maintained, at his home, a very carefully organized and curated
collection housed in California Academy of Sciences drawers and cases, and in
Schmitt-sized boxes. The development of this major collection was undertaken
in a private manner without fanfare and came as a surprise to some of his students
when they later learned of its size, scope, and perfection.
Of the six taxa described as new by Bill, primary types of four of them are
deposited in the Academy's collection: the holotype and allotype of Callophrys
/emberti Tilden (CAS Entomol. Type No. 7239) (Tilden 1963: 292); the holotype
and allotype of Glaucopsyche lygdamus incognita Tilden (CAS Entomol. Type
No. 12171) (Tilden 1974: 213); the holotype and allotype of Mitoura siva mansfieldi Tilden (CAS Entomol. Type No. 7240) (Tilden 1951 b: 96); the holotype and
allotype of Euphilotes rita pal/escens (Tilden & Downey) (CAS Entomol. Type
No. 6237) (Tilden & Downey 1955: 25; as Philotes). The holotype of Tharsalea
arota schellbachi (Tilden) is deposited in the National Museum ofNatural History,
Smithsonian Institution, Washington, D.C. (Tilden 1955: 72; as Lycaena), and
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Figures 18-22. Figure 18. Bill Tilden's 75th Birthday party at his home in San Jose, California,
31 Dec 1979. Left to right, Paul H. Arnaud, Jr., Hugh B. Leech, Dick Mewaldt, and Bill Tilden (photo
by Hazel I. Tilden). Figure 19. Bill Tilden, with drawer of Lepidoptera at his home in San Jose,
California, ca. 1980 (photo by Hazel I. Tilden). Figure 20. Bill Tilden with net, Palo Alto Bay lands,
California, ca. 1980 (photo by Hazel I. Tilden). Figure 21. Book signing at Book Care, Capitola,
California, 12 Oct 1986. Left to right, Arthur C. Smith and Bill Tilden (photo by Hazel I. Tilden).
Figure 22. Book signing at Willow Glenn Tattler, San Jose, California, 22 Nov 1986. Left to right,
Madeline M. Arnaud, Paul H. Arnaud, Jr., Arthur C. Smith, Bill Tilden, JohnS. Garth (photo by
Hazel I. Tilden).
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the holotype of Philotiella speciosa bohartorum (Tilden) is deposited in the Los
Angeles County Museum of Natural History, Los Angeles (Tilden 1968: 281; as
Philotes).
The paratypes of butterflies contained in Bill's collection, when received by the
Academy in 1989, totaled 85 specimens representing 30 species, as follows: Family
Hesperiidae: 2, Agathymus dawsoni Harbison; 3, Erynnis telemachus Bums; 1,
Hesperia miriamae MacNeill; 2, Hesperia pahaska martini MacNeill; 2, Hesperia
comma tildeni H. A. Freeman; 2, Hesperia uncas macswaini MacNeill; 2, Megathymus coloradensis louiseae H. A. Freeman; 2, Megathymus coloradensis reinthali
H. A. Freeman; 3, Pholisora gracielae MacNeill; and 2, Stallingsia maculosa (H.
A. Freeman). Family Papilionidae: 1, Papilio cresphontes pennsylvanicus F. & R.
Chermock. Family Pieridae: 2, Colias gigantea mayi F. & R. Chermock. Family
Lycaenidae: 3, Callophrys lemberti Tilden; 2, Epidemia dorcas megaloceras Ferris;
2, Euristrymon ontario violae (D. Stallings & Turner); 13, Everes comyntas texanus
R. Chermock; 2, Glaucopsyche lygdamus jacki D. Stallings & Turner; 4, Mitoura
siva mansjieldi Tilden; 2, Mit oura thornei J. W. Brown; 4, Philotes enoptes bayensis
(Langston); 1, Philotes enoptes tildeni (Langston); 11, Euphilotes pallescens (Tilden
& Downey); 1, Philotiella speciosa bohartorum (Tilden); and 2, Tharsalea arota
schellbachi (Tilden). Family Nymphalidae: 2, Basilarchia archippus lahontani
(Herlan); 2, Phyciodes orseis herlani Bauer; 2, Speyeria aphrodite manitoba (F. &
R. Chermock); 1, Speyeria cybele pseudocarpenteri (F. & R. Chermock); and 1,
Vanessa anabel/a (Field). Family Satyridae: 6, Enodia portlandia missarkae (J.
R. Heitzman & dos Passos). The collection also contained 12 specimens labelled
as paratypes in the genera Boloria, Euphyes, and Plebejus that appear to be manuscript names, as they cannot be confirmed in current Lepidoptera checklists.
As commented by Helfer (1989), Bill was the first lepidopterist to investigate
the occurrence of the Lotis blue (Lycaeides idas !otis (Lintner)) colony that was
discovered south of Caspar, in Mendocino County. Bill also published on San
Francisco's vanishing butterflies (1956). He knew the locality, in the Santa Cruz
Mountains, where the now possibly extinct Strohbeen's pamassian (Parnassius
clodius strohbeeni Stemitzky) occurred and encountered his first specimen there
on 12 Jun 1933 (Tilden 1941). He collected only a few specimens and the two
given to the Academy bear his collection dates of 21 Jun 1936 and 1 Jul 1958.
The latter may be one of the last collected specimens. The Tilden bequest contained four specimens of this taxon, which Bill had earlier emphasized to me that
he wanted deposited in the Academy collection (Bill had recently declined an offer
of $3,000 for these four rare specimens.)
Bill Tilden had a long association with the Department of Entomology of the
California Academy of Sciences. Letters indicate that Hartford H. Keifer and
Edward P. Van Duzee identified Microlepidoptera and larger moths (noctuids
and geometrids) for him in 1933, and in 1936 beetles were identified by Edwin
C. Van Dyke. Before his entry into military service in 1942, Bill had made an
agreement with the Academy Director, Robert C. Miller, and Entomology Curator,
Edward S. Ross (Tilden letters: 4 and 31 Mar 1942), for the presentation of his
collection to the Academy, but there appeared to be a problem of delivery: Bill
did not have transportation, Ross was about to leave for his military duty, and
there was strict gasoline rationing for civilians during the war. The collection was
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then stored in Santa Cruz, but unfortunately was somewhat damaged while being
fumigated during his absence.
After World War II, from 1946 through 1988, Bill donated portions of his
collection, totaling 35,607 specimens (27,087 Lepidoptera, 7091 Coleoptera, and
1429 miscellaneous insects and arachnids), to the Academy. Following his death,
the receipt of 20,274 additional specimens of Lepidoptera (16,460 pinned and
spread; 3814 papered) gives a total of 4 7,361 Lepidoptera received through 1991.
In addition, with nearly 8000 specimens of Coleoptera still to be accessioned, the
final Tilden donations will total approximately 64,000 specimens.
The California Academy of Sciences has been indeed fortunate to have such
loyal support of Bill and his family for nearly half a century. Bill became a member
of the California Academy of Sciences on 13 Apr 1948, at a time when there were
fewer than fifteen hundred active members. He was elected a Fellow of the Academy in 1968. Bill's reprint library on Lepidoptera was donated to the Department
of Entomology, California Academy of Sciences, with the stipulation that if papers
were duplicate to Academy holdings they would be sent to the Department of
Entomology, Bernice P. Bishop Museum. Bill's correspondence files are also stored
in the Archives section in the Special Collections of the Academy's Library.
Prior to his retirement, Bill also donated about 100 drawers of Lepidoptera and
miscellaneous insects, including Odonata, Diptera, and Coleoptera, to the Entomology Museum at San Jose State University (a collection that now houses
about 600,000 specimens in the Carl D. Duncan Hall of Science).
Bill Tilden lived a full and active life devoted to family, friends, and institutions.
He overcame the limitations of the depression years and a delayed higher education to fully dedicate his exceptional talents to teaching, researching, publishing,
and collection making. Shortly after his retirement, Bill faced heart problems that
included open heart surgery, valve replacement; eventually he had a pacemaker
installed. Yet he did most of his extensive field collecting program for the Guides
following this surgery. The development of his collection and its donation to the
Academy places a responsibility on the Academy to oversee its proper storage,
make it available to the scientific community, and to preserve it for use by future
generations.
Bill Tilden is survived by his wife, Hazel Irene Tilden, of San Jose, California;
two sons, Bruce Allen Tilden of San Jose, California, and James Wilson Tilden,
Jr. ofPhuket, Thailand; one daughter, Janice Elaine Tilden of Denver, Colorado;
and two brothers, Thomas C. Tilden of Santa Cruz, California, and Earl R. Tilden
of Dillingham, Alaska.
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Abstract.- The milky disease bacterium, Bacillus popilliae Dutky, and the blue disease rickettsial
organism, Rickettsiella popilliae (Dutky & Gooden), were isolated from larval populations of
Cyclocephala hirta LeConte in California. Two morphological types of B. popilliae, characterized
by the size of sporangia, spores, and parasporal bodies, were recovered. The typical Cyclocephala
strain had a sporangium averaging 5.5 x 2.1 ,urn, a spore averaging 2.1 x 0.9 ,urn, and a primary
parasporal body averaging 1.9 x 0.7 ,urn. Multiple parasporal bodies occurred in up to 50% of
this strain. The smaller atypical Cyclocephala strain had a sporangium averaging 4.4 x 1.3 ,urn,
a spore averaging 1.9 x 0.8 ,urn, and a parasporal body averaging 1.0 x 0.7 ,urn. Bacillus popilliae
was recovered from seven of eight sample sites located in southern and northern California. The
typical Cyclocephala strain of B. popilliae was predominant in larvae at two sites from southern
and one site from northern California, whereas the atypical strain was predominant in larvae at
five sites from northern California. Rickettsiella popilliae was recovered from larvae at two sites
in northern California.
Key Words. -Insecta, Scarabaeidae, Cyclocephala hirta, Bacillus popi/liae, Rickettsiella popilliae,
milky disease, blue disease, turfgrass

Scarabaeid larvae are the most serious pests of turfgrass throughout much of
the United States (Tashiro 1987). In the northeastern United States, introduced
scarabaeid species, notably the Japanese beetle, Popillia japonica Newman, the
oriental beetle, Anomala orientalis Waterhouse, and the Asiatic garden beetle,
Maladera castanea (Arrow), cause severe damage to turfgrass. In the midwestern
states, the Japanese beetle and native species of May and June beetles, Phyllophaga
spp., and masked chafers, Cyclocephala spp., are more prevalent. In California,
a complex ofCyclocephala species occurs (Saylor 1945, Endrodi 1985), some of
which cause extensive turf damage. These pestiferous species include Cyclocephala
hirta LeConte, C. lurida Bland(= immaculata (Olivier)), C. longula LeConte, C.
melanocephala (Fabr.), and C. pasadenae Casey (Ali 1989). In 1988, we observed
that scarabaeid larvae caused considerable damage to turfgrass at a golf course in
northern California. Moreover, we detected larvae infected with the bacterium
Bacillus popilliae Dutky, the causal agent of milky disease, and Rickettsiella popilliae (Dutky & Gooden), the causal agent of blue disease. Because of the biological control potential of these microorganisms, in particular the milky disease
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bacterium (Klein 1988), we determined their prevalence in scarabaeid populations
in California.
MATERIALS AND METHODS

Second- and third-instar scarabaeids were sampled during the spring and fall
of 1989 and 1990 from northern and southern California. In the towns of Fairfax,
Moraga, San Rafael, and Santa Rosa, larval density was determined by taking at
least three 18 x 18 x 10 em soil samples and counting the number of larvae in
each. Counts were averaged and the number oflarvae per 0.1 m 2 was determined.
In the town of Walnut Creek, only one larval density was taken because of the
small area of infestation. In the town of Chino, larval density was determined by
taking ten 0.1 m 2 samples or by estimating the number of larvae per 0.1 m 2 •
Larval density was estimated because it was too low and a wide area was sampled
to collect sufficient larvae for examination.
Larvae were collected from areas of golf courses and parks where no chemical
insecticides had been applied. Larvae were held either individually in 35 ml plastic
cups or in groups of eight to 10 larvae with field soil in a 210 ml plastic cup.
Groups of larvae were placed in field soil and were held for three to 10 days in
cold storage (10° C) before they were examined. Individually held larvae were
examined immediately upon return to the laboratory or placed in 35 ml cups
with 31 grams of sterilized dry soil (75% sand, 18% silt, 7% clay, pH 6.9, organic
matter 0.3%), 4.75 ml of distilled water, and perennial rye grass seeds. These
larvae were held for 19 days at 25 ± 2o C to allow further development and
expression of disease symptoms before they were examined.
Each larva was bled by inserting a sterilized size-2 insect pin through the
integument behind the head and a drop ofhemolymph was placed on a microscope
slide. The hemolymph was examined for bacterial or rickettsial infection using
phase contrast microscopy at 400 x . Measurements of B. popilliae sporangia,
spores, and parasporal bodies at their longest and widest points were made with
an interference contrast microscope system at 9000 x and computer software
image analyzer. Data for measurements of B. popilliae (lengths and widths of the
sporangia, spores, and parasporal bodies) were analyzed using SAS program (ttest) (SAS Institute 1988).
Two steps were used in identifying the scarabaeids. Raster patterns were used
to identify larvae to genus, and a subset of larvae was reared to adults. Adults
were identified to species by examination of the male genitalia (Saylor 1945,
Endrodi 1985).

REsuLTS AND DiscussiON
Only one scarabaeid genus, Cyclocephala, was recovered during this study and
adult male specimens from each site were identified as C. hirta. Distribution of
larvae in turfgrass was patchy with infested areas ranging from < 1 to 38 larvae/
0.1 m 2 (Table 1).
Bacillus popilliae was recovered from C. hirta in seven out of eight sites in
California and the prevalence of infection ranged from none to 71% (Table 1).
Even within a site, the prevalence of infection varied greatly indicating the uneven
distribution of spores in the soil. Thus, in Santa Rosa, we sampled two adjacent
areas (Santa Rosa lA and lB) which were separated by about 50 m. Cyclocephala
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Table I. Prevalence of Bacillus popilliae and R ickettsiella popilliae from Cyclocephala hirta in
California.
% larvae infected with

Collection
Sitea

Chino 1

Chino 2
Fairfax
Moraga A
Moraga B
Moraga C
San Rafael
Santa Rosa 1A
Santa Rosa 1B
Santa Rosa 2
Walnut Creek

Date

No. larvae

Bacillus

Rickettsiella

5 May 89
3 Oct 89
23 Apr 90
5 May 89
3 Oct 90
25 Sep 89
2 Oct 89b
24 Sep 90
24 Sep 90
19 Sep 90
19 Sep 90
19 Sep 90
4 Oct 90
24 Sep 90

21
199
12
8
39
511
81
33
19
63
40
62
57
37

61.9
28.1
41.7
25.0
2.6
17.8
11.1
3.3
0
17.5
0
71.0
15.8
0

0
0
0
0
0
4.7
22.2
3.3
94.7
0
0
0
0
16.2

Larval density/0. 1
m 2 ± SD

<1
19 ± 5.1
<1
<1
<1
22 ± 15.5
NDc

38 ± 4.0
<1
9 ± 3.0
4 ± 1.7
6 ± 5.1
10 ± 4.6
18d

' Moraga A, B, and C are samples from the same golf course. Larvae were collected from areas
separated by more than 300 m. Santa Rosa 1A and 1B sites were located in the rough of a golf course
no more than 50 m from each other. Site 1A was on a slope and Site 1B was a level area.
b Only larvae showing signs of a frank infection were bled and examined for B. popilliae or R .
popilliae infection. The remaining 54 larvae were held individually for 17 days before they were
examined (see text for data).
' ND = no data.
d Only one larval density measurement taken. Larvae were concentrated in a small area.

hirta larvae from one area had a high prevalence (71 %) of B. popilliae infection,
whereas larvae from the other area were apparently free from infection (Table 1).
Similarly in Moraga, the prevalence of infection ranged from none to 17.8% at
three different areas within the same golf course.
Although milky disease bacteria have been isolated from other Cyclocephala
species on a number of occasions (White 1948, Harris 1959, Warren & Potter
1983, Boucias et al. 1986, Ranula & Andreadis 1988, Cherry & Boucias 1989),
we believe that this is the first report of milky disease bacteria in C. hirta populations. We also recovered two morphological types of B. popilliae from diseased
larvae (Fig. 1). In Chino (southern California) and Moraga (northern California),
the spores and parasporal bodies are primarily typical of those isolated from other
Cyclocephala species (Klein 1981). They have large and often multiple parasporal
bodies located adjacent to or overlapping the spore (Figs. lB, lC). When multiple
parasporal bodies occurred, there was a primary parasporal body with a maximum
of three secondary bodies observed (Table 2). Multiple parasporal bodies were
found in up to 50% of these milky disease bacteria. A second type (Fig. 1A),
isolated primarily from northern California, had a single parasporal body which
was significantly smaller than the typical Cyclocephala strain (Table 2) andresembled B. popilliae from the Japanese beetle (Dutky 1940). We refer to this
isolate as the atypical Cyclocephala strain of B. popilliae and, as far as we are
aware, it is the first report of this morphological variant from a Cyclocephala
species.

A

s"'

IP

B

I

Figure 1. Bacillus popilliae spores from Cyclocephala hirta. A. Atypical Cyclocephala strain with
single parasporal body (p) and spore (s). B. Typical Cyclocephala strain with a mixture of single (p)
and multiple parasporal bodies (mp) and a single spore (s). Bar for A and B indicate 10 JLm. C. Typical
Cyclocephala strain with multiple parasporal bodies (mp) distributed within a sporangium (sg). Bar
indicates 5 JLm.
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Table 2. Mean measurements in micrometers (±SD) of the sporangium, spore, and parasporal
body from the typical and atypical Cyclocephala strain of Bacillus popilliae from Cyclocephala hirta
in California.
B. popi/liae strain•

Atypical

Typical

Sporangium (}.tm)
Spore (!Lm)
Parasporal body (}.tm)
Primary
Secondary

Length

Width

Length

Width

5.5 (± 0.6)A
2.1 (± 0.3)A

2.1 (± 0.2)a
0.9 (± O.l)a

4.4 (± 0.02)B
1.9 (± 0.05)B

1.3 (± O.l)b
0.8 (± O.l)a

1.9 (± O.l)A
1.0 (± 0.5)

0.7 (± O.l)a
0.5 (± 0.2)

1.0 (± O.l)B

0.7 (± O.l)b

• Means followed by different upper or lower case letters within a row are significantly different
(P < 0.001). Comparison was made only with the primary parasporal body.

The sporangium length (F = 1015.5; df= 24; P = 0.0001) and width (F = 4.05;
df = 24; P = 0.0001), the spore length (F = 35.86; df = 24; P = 0.0017), and the
primary parasporal body length (F = 19.47; df = 24; P = 0.0001) and width (F
= 2.61; df = 24; P = 0.0001) of the typical B. popilliae strain were significantly
longer or wider than the atypical B. popilliae strain. Only the width of the spores
was not significantly different.
The isolation of different morphological bacterial spores responsible for milky
disease from the same insect species is not unusual (Milner 1981), but the difference relates to the presence or absence of the parasporal body (Dutky 1940). For
example, Boucias et al. (1986) and Ranula & Andreadis (1988) isolated milky
disease bacteria with and without a parasporal body from the same species of
scarabaeid larvae. In our study, we did not observe milky disease bacteria without
parasporal bodies. We isolated milky disease bacteria which were different in size
and in the number of parasporal bodies. The reason for the differences between
the two morphological spore/parasporal body complexes isolated from C. hirta
is unknown. Although the majority of sites contained either the typical or atypical
strain, we did observe an occasional larva with the typical strain at a site which
had the atypical strain and vice versa (RKK, unpublished data). A caveat is that
the typical Cyclocephala strain appears very much like the atypical strain during
early stages of sporogenesis, and when classifying the spore/parasporal body complex, sporogenesis must be complete.
Rickettsiella popilliae was ocly recovered from C. hirta larvae in Walnut Creek
and the three sample areas at Moraga (Table 1). This restricted occurrence of
Rickettsiella infection confirms earlier observations by other workers who also
recovered the disease from larvae at only a small proportion of sites examined
(Dutky & Gooden 1952, Ranula & Andreadis 1988). Larvae infected with Rickettsiella were easily detected by their bluish color, and upon examination of
dissected tissues with phase contrast microscopy, by the presence of crystals and
Brownian movement of the Rickettsiella cells in the fat body and hemolymph.
Moreover, we confirmed the Rickettsiella infection by transmission electron microscopy (Fig. 2).
Some larvae infected with Rickettsiella did not appear blue during the early
stages of infection, but Brownian movement of particles was evident in the he-
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Figure 2. Transmission electron micrograph of Rickettsiella popilliae (kidney-shaped particles)
from Cyclocephala hirta and crystals (arrow) which are associate with the infection. 24,000 x .

molymph. Larvae collected in the field in an advanced stage of Rickettsiella
infection appeared milky due to the turbidity of the hemolymph (Dutky & Gooden
1952). Without a microscopic examination, the larvae in early and late stages of
infection may be erroneously diagnosed as healthy or as B. popilliae infection,
respectively.
The importance of examining the hemolymph for bacterial and rickettsial infection was shown when 81 C. hirta larvae collected in Moraga A on 2 Oct 1989
were separated visually into "healthy," "milky" and "blue" (Table 1). Those
diagnosed as "milky" or "blue" were bled and examined to confirm the disease
and in all cases were infected with B. popilliae orR. popilliae. Fifty-four larvae
classified as "healthy" were held individually for 17 days in sterilized soil before
they were bled and examined for pathogens. Of the 54 larvae, four (7 .4%) were
infected with B. popilliae, 11 (20.3%) were infected with Rickettsiella, and eight
(14.8%) died from unknown causes. Thus, the pooled data for the 2 Oct collection
(n = 81) should be higher for B. popilliae (11.1% on 2 Oct vs 16.0% on 19 Oct)
and R. popilliae (22.2% on 2 Oct vs 35.8% on 19 Oct). In another example, only
5.5% of the larvae collected at Chino 1 on 3 Oct 1989 had apparent milky disease
symptoms. Microscopic examination of the hemolymph revealed the true rate of
infection to be 28% (Table 1).
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We detected both milky and blue diseases in C. hirta populations, but the most
prevalent disease throughout California was milky disease. Although the prevalence of infection of milky disease was not related to larval density, a long term
study may show density dependent relationships. The isolation of two morphotypes of B. popilliae containing parasporal bodies (either multiple or single) was
a unique feature of our study. The natural occurrence of milky disease and its
high prevalence in some C. hirta populations indicate that these bacteria (i.e., the
typical and atypical Cyclocephala strains of B. popilliae) are important in suppressing localized populations. Our data suggest that the milky disease organisms
may offer potential as effective biological control agents if they are introduced
into areas where they do not occur.
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THE GENETIC RELATIONSHIP BETWEEN
BOMB US FRANKLIN/ (FRISON) AND
OTHER TAXA OF THE
SUBGENUS BOMBUS S.STR. (HYMENOPTERA: APIDAE)
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Abstract.-Bombus franklini (Frison) has either been regarded as a distinct species or has been
synonymized with B. occidentalis Greene. We surveyed 21 enzymes by vertical starch-gel electrophoresis and compared B. franklini with B. occidentalis and nine other species of the subgenus
Bombus sensu stricto. We found that B. franklini differs from B. occidentalis at three enzyme
loci and there was no evidence of intergradation in areas of sympatry. According to the electrophoretic data B.franklini is close to two species groups which comprise: (a) B. cryptarum (Fabr.),
B. magnus Vogt, B. moderatus Cresson and B. hypocrita Perez; and (b) B. occidenta/is, B. terricola
Kirby and B. lucorum (L.), while B. terrestris auct., B. affinis Cresson and B. sporadicus Nylander
are more distant.
Key Words.- Insecta, Apidae, enzyme electrophoresis, bumble bee genetic relationships

Among the North American bumble bee species, Bombusfranklini (Frison) has
by far the smallest area of geographical distribution. All recent records have been
taken within a 60 mile radius of Grants Pass, Oregon (Thorp 1970). Bombus
franklini has puzzled entomologists for a long while. It was described from the
Oslar collection (Frison 1921) and the holotype was apparently erroneously recorded from Nogales, Arizona, as discussed by Thorp (1970), who proposed Gold
Hill, Jackson County, Oregon, as the new type locality. Milliron ( 1971) considered
B. franklini conspecific with B. occidenta/is Greene. Thorp et al. (1983), however,
had collected B. franklini at several localities sympatrically with B. occidentalis
and did not find intergrades between them. Plowright & Stephen (1980), working
on a multivariate analysis of wing venation data taken from queens, were able to
show a clear separation of B. franklini from other species within the subgenus.
They furthermore indicated that the male genitalia of B. franklini are markedly
different from those of B. occidentalis and advocated retention of specific status
for franklini, they concluded (Plowright & Stephen 1980: 479): "The origin of B.
franklini is mysterious. The results from the present study give no indication that
it is closely related to any of other nearctic representatives of its subgenus."
In a recent study, Scholl et al. (1990) investigated the genetic relationships of
Nearctic and Palaearctic representatives of the subgenus Bombus s.str. by enzyme
electrophoretic data with special reference to B. moderatus Cresson, another problematical taxon in this group. Bombus franklini unfortunately could not be included in this analysis because it was not available at that time. We now have
been able to collect B. franklini in northern California and in Oregon and we have
cmnpared it electrophoretically with the previously studied representatives ofthe
subgenus Bombus s.str.
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MATERIAL AND METHODS

Specimens Analyzed. -Bombusfranklini: CALIFORNIA. SISKIYOU Co.: Hilt,
29 Jul 1989, 12 workers; 6.4 km (4 mi) E of Yreka, 29 Jul 1989, 2 workers.
OREGON. JACKSON Co.: Ashland, 29 May 1990, 4 queens and 1 worker; Ruch,
29 May 1990, 12 workers; Central Point, 30 May 1990, 2 workers; Gold Hill, 30
May 1990, 12 workers.
Frozen homogenates of previously studied material [B. affinis Cresson, B. cryptarum (Fabr.), B. hypocrita Perez, B. lucorum (L.), B. moderatus, B. occidentalis,
B. terrestris auct., B. terricola Kirby and B. sporadicus Nylander] (Scholl et al.
1990) and additional specimens, including one queen, nine workers and one male
of B. occidentalis from the same localities where B. franklini was collected and
10 queens, 38 workers and two males of B. occidentalis from eight other localities
in northern California have been used for electrophoretic comparison. This material is summarized in Table 1. Californian B. occidenta/is included the nominate
subspecies and B. o. nigroscutatus Franklin along with their intergrades, these are
not listed separately because the electrophoretic data did not indicate any difference.
Electrophoresis.- We have used the same methods (vertical starch-gel electrophoresis) and enzymes (21 loci) as Scholl et al. (1990). These enzymes are:
Aconitase, 2 loci: Acon-1 and Acon-2; Arginine kinase, Apk; Hydroxybutyric
dehydrogenase, Bdh; Esterase, Est-1; a-Glycerophosphate dehydrogenase, 2 loci:
a-Gpd-2 and a-Gpd-3; Glutamic-oxaloacetic transaminase, Got-2; Glutamic-pyruvic transaminase, Gpt; Hexokinase, 2 loci: Hk-1 and Hk-3; Isocitrate dehydrogenase, 2 loci: Idh (NAD) and Idh (NADP); Leucine aminopeptidase, Lap;
Malate dehydrogenase, 2loci: Mdh-1 and Mdh-2; Malic enzyme, Mod; Peptidase,
Pep; Phosphoglucose isomerase, Pgi; Phosphoglucomutase, Pgm; Superoxide dismutase, Sod (for details see Scholl et al. 1990). A phenogram of the genetic
relationships of the species investigated was constructed by average linkage cluster
analysis (UPGMA) (Nei 1987) using Nei's (1972) standard coefficient of genetic
identity (I).
RESULTS AND DISCUSSION

Ten of the 21 loci scored were found invariant in all species surveyed. These
loci are: Acon-2, Apk, Bdh, a-Gpd-1, a-Gpd-2, Idh (NADP), Lap, Mdh-2, Mod,
and Sod. Eleven loci showed interspecific variation. The zymograms observed
are schematically shown in Fig. 1, where the designation of electromorphs is based
on mobilities (in mm) relative to the electromorph of B. lucorum (= index 100),
as in previous electrophoretic studies on bumble bees (e.g., Scholl & Obrecht
1983, Scholl et al. 1990).
Bombus franklini was monomorphic in all loci scored, except Pep, where one
worker was heterozygous. Minor polymorphisms were observed in some loci of
other species. These are: Acon-1 in B. lucorum, B. terrestris and B. sporadicus;
Est-1 in B. lucorum and B. terricola, Got-2 in B. cryptarum, B. magnus, B.
lucorum, B. occidentalis, B. terrestris and B. sporadicus; Hk-1 in B. occidentalis;
Mdh-1 in B. terrestris. The level of polymorphism, however, was usually very
low (H < 0.05), as also observed previously in other bumble bee species (Obrecht
& Scholl1981 , Pamilo et al. 1984), except in Got-2 of B. occidentalis, where the
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Figure 1. Schematic illustration of enzyme phenotypes in Bombus s.str. species. (Note: B. lucorum
is the reference, assigned mobility index= 100 for each enzyme.)

frequency of a minor allele Got-2 105 ranged between 0.05 and 0.25 at three sampling sites in Alberta, Calgary, Barrier Lake and Fortress Mountain respectively,
while allele Got-2 100 was fixed in samples from other areas (Table 1).
We have not found an electromorph that is unique to B. franklini. However,
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Figure 2. Phenogram showing the genetic relationship between B. franklini and other taxa of the
subgenus Bombus s.str., as revealed by the electrophoretic data.

it is the electrophoretic pattern of enzymes that is unique to B. franklini (Fig. 1).
Thus, B. franklini differs from B. moderatus in GOT-2 and IDH (NAD); B.
terrestris is identical with B.franklini in GOT-2 and IDH (NAD), but these species
differ in ACON-1, HK-1 and PGM, etc. Bombus franklini differs from B. occidentalis in GOT-2, PEP and PGM; the Got-2locus, however, was found weakly
polymorphic in three B. occidentalis samples from Southern Alberta, as mentioned
above. In our material from California and Oregon, there was always a clear
separation on the basis of these three enzymes and the electrophoretic data did
not provide any evidence of intergradation of B. franklini and B. occidentalis.
The genetic relationships of B. franklini and other Nearctic and Palaearctic
representatives of its subgenus, as revealed by the enzyme electrophoretic studies,
are presented in Fig. 2 as a phenogram that is based on a similarity matrix (Nei
coefficient I) calculated in pairwise species comparisons from the 21 loci surveyed.
According to these data, B. franklini is close to two species groups that comprise:
(a) the European B. cryptarum and B. magnus, the North American B. moderatus
and the Japanese B. hypocrita; and (b) the European B. lucorum and the North
American B. terricola and B. occidentalis, while the European B. terrestris and B.
sporadicus and the North American B. affinis are more distant. This new information adds to, but does not alter the basic genetic relationships among species
of the subgenus Bombus as determined by Scholl et al. (1990).
The narrow endemism of B. franklini is intriguing. As Thorp (1970) pointed
out, all recent records have been taken within a 60 mile radius of Grants Pass,
Oregon. Bombus franklini is keyed out from sympatric B. o. occidentalis by its
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coat color. But Stephen (1957) found that separation is often difficult. The northwestern coast is an area where several bumble bee species, including B. occidentalis, show gradation from one color form to another resulting in color convergence
toward local Mullerian mimicry groups (Plowright & Owen 1980, Thorp et al.
1983). However, B. occidentalis females do not have yellow anterolaterally on
the scutum, extending back beyond the tegulae, and B. franklini females are
uniform in color throughout the known range (Thorp et al. 1983). One might
speculate that B. franklini has in fact a more widespread distribution, but becomes
hidden within the color variation of B. occidentalis. The electromorphetic data
presented here provide an opportunity to test this hypothesis.
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OCCURRENCE OF DIURAPHIS (HOLCAPHIS) FREQUENS
(WALKER) (HOMOPTERA: APHIDIDAE) ON
WHEAT, NEW TO IDAHO, AND A KEY TO
NORTH AMERICAN DIURAPHIS
E. HALBERT, B. JUNE CoNNELLY AND MINa-GuANG FENG
Southwest Idaho Research and Extension Center,
Department of Plant, Soil and Entomological Sciences,
University of Idaho, Parma, Idaho 83660-6699

SusAN

Abstract. -Colonies of a species of Diuraphis (Holcaphis) were found on wheat near Parma,
Idaho in 1986. Morphologically, the species best fits the description of Diuraphis (Holcaphis)
frequens (Walker), though the process terrninalis is longer with respect to the base of the sixth
antenna! segment than is reported for European D.frequens. The host range of the Idaho Diuraphis
frequens is also consistent with that reported for D.frequens in Europe, except that the populations
found in Idaho multiply much more quickly on wheat than on Elytrigia repens (L.) Beauvois.
In spite of these differences, we think this Diuraphis sp. is D.frequens. We do not expect that it
will become a serious pest in Idaho.
Key Words.- Insecta, Aphididae, Diuraphis frequens, Diuraphis noxia

In surveys of wheat (Triticum aestivum L.) in 1986, colonies of an unusual
Diuraphis (Holcaphis) were found near Parma, Idaho. Isolated plants were severely
stunted and contorted, their rolled and twisted leaves containing hundreds of waxcovered aphids. The same species was collected in suction trap samples from
Parma, Rockland Valley and Arbon in 1986, from Parma in 1988 and 1989, and
from Kimberly and Moscow in 1990. We think this aphid is Diuraphis (Holcaphis)
frequens (Walker). We discuss its identity, based upon morphology and host range.
We also compare its ability to colonize the plants with that of Diuraphis (Diuraphis) noxia (Mordvilko), which is the only other species of Diuraphis known to
occur in Idaho, and with Rhopalosiphum padi (L.) and Schizaphis graminum
(Rondani), which are both common pests in the U.S. with wide host ranges among
the Gramineae.
METHODS AND MATERIALS

Twenty apterous viviparae from a colony of D. frequens, collected in Canyon
County, Idaho on T. aestivum propagated on T. aestivum cv. ID0232, were mounted and measured using a Zeiss compound binocular microscope equipped with
an eyepiece micrometer. Two attempts were made to obtain additional specimens
from each of two accessions of Elytrigia repens (L.) Beauvois, but colonies grew
inadequately to produce sufficient adults.
Host plants for each ofthe described Diuraphis (Holcaphis) spp. were obtained
including Calamagrostis sp., Agrostis alba L., Agrostis palustris (Hudson) Persoon,
Agrostis tenuis Sibthorp, Apera interrupta (L.) Beauvois (formerly in Agrostis),
Holcus lanatus L., Bromus inermis Leys, Bromus tectorum L., Elytrigia repens
(formerly in Agropyron), Agropyron cristatum (L.) Gaertner, Thinopyrum ponticum (Podperae) Barkworth & D. R. Dewey (second time only) and T. aestivum.
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The plants were started from seed in the autumn of 1987, except for Calamagrostis sp., E. repens, B. inermis and B. tectorum, which were transplanted
from the field, trimmed and allowed to regrow new shoots that were solely used.
Plants were infested 30 Nov-3 Dec 1987 using three pots of each plant species
for each of the three species of aphids, including the Idaho D. frequens, D. noxia
and R. padi. The infestation rate was ten aphids per plant. On 14 Dec 1987, plants
were scored for colonization using the following scale: 1-no aphids, 2-a few
solitary aphids, 3-small colonies, 4-plant heavily colonized. After the readings,
the plants were cut back and sprayed with Bifenthren (Capture 2EC) (1.26 g a.i./
liter), if infestations were found.
On 18-19 Jan 1988, the same plants, with exceptions that A. interrupta and
the Minnesota accession of B. inermis were omitted and T. ponticum was added,
were infested with 20 aphids per pot in the same manner described above. On 3
Feb 1988, readings were taken as before.
In order to quantitatively determine relative colonization ability, the plants
were reinfested in 1989. The same plants (by then more than one year old) were
used, except the three Bromus accessions and A. cristatum (omitted because they
had died in the interim), an accession of E. repens from Moscow, Idaho (added),
and the wheat (about six weeks old). We used three pots of each plant species for
each of four species of aphids, including the Idaho D. frequens, D. noxia, R. padi
and S. graminum. Plants were infested with 20 adult aphids per plant on 30-31
Jan 1989. On 14-15 Feb 1989, the parts ofthe plants above ground were clipped
and placed in Berlese funnels until they dried completely. Aphids were counted
using a dissecting microscope. In the case of the wheat, 10% subsamples were
counted.
The data were analyzed using the ANOVA and LSD mean separation procedures
(0.05 significance level) in SAS software (SAS Institute 1985). Because plant and
aphid species interactions were significant, the species were analyzed separately.
The data were analyzed using a transformation to normalize the variance (Y =
ycount + 0.5).
RESULTS AND DISCUSSION

Morphology.- The subgenus Holcaphis is distinguished from Diuraphis s. str.
by lack of a supracaudal process, and currently includes six described species:
Diuraphis tritici (Gillette)' (native to North America), Diuraphis agrostidis (Muddathir), Diuraphis bromicola (Hille Ris Lambers), Diuraphis calamagrostis (Ossiannilsson), Diuraphisfrequens (Walker) and Diuraphis holci (Hille Ris Lambers)
(Eastop & Hille Ris Lambers 1976). In addition to D. tritici, only two species, D.
frequens and D. holci, have been reported from North America (Smith & Parron
1978). The ultimate rostral segment of the Idaho D. frequens is 0.069 mm long,
as compared with 0.12 mm for D. tritici, thus ruling out the possibility that our
aphid is D. tritici. Hille Ris Lambers (1939) separates European D. holci from D.
' After this article went to press, Zhang et a!. ( 1991) published a review of Diuraphis that treats D.
tritici as a subspecies of D. frequens. We prefer to retain these as distinct species until their change
can be confirmed by hybridization experiments. Two new Diuraphis from China, which are described
by Zhang et al. (1991), are not discussed here.
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frequens using relative lengths of antennal segments III and IV + V, and the ratio
of the base of antennal segment VI to the process terminalis. The D. frequens
found in Idaho will key to D. frequens in Hille Ris Lambers (1939), using the
former character, and to D. holci, using the latter; however, the same was true of
five specimens of D. frequens collected in Enfield, England on 12 Jul 1987, indicating that the antennal segment VI character is not consistently reliable, even
in Europe.
The key by Muddathir (1965) separates the two species using siphuncular placement, and presence or absence of intersegmental muscle insertions and sclerites
on abdominal segment VI. Most Idaho material will key to D. frequens using
Muddathir's key, but the siphunculi on some specimens are slightly closer to the
sixth than to the seventh abdominal spiracles, a character given there for D. holci.
Of the species in the subgenus not yet reported in North America, Diuraphis
bromicola was described from Bromus inermis (Hille Ris Lambers 1959), and can
be separated from D. holci and D. frequens by the absence of sclerotic areas on
the abdomen, other than on abdominal segment VIII. The Idaho specimens have
an obvious sclerotic bar on abdominal segment VII, which would appear to rule
out D. bromicola. Diuraphis agrostidis and D. calamagrostis have pore-like siphunculi with the siphuncular aperture facing upward, while D. holci and D.
frequens have longer siphunculi, shaped such that the aperture faces posteriorly
(Muddathir 1965). Diuraphis agrostidishas 2n = 12 chromosomes andD.frequens
has 2n = 14 (Blackman 1980). The specimens from Idaho have siphunculi that
fit the description of D. frequens better than those of D. agrostidis and D. calamatrostis, and have 2n = 14 chromosomes (R. L. Blackman, personal communication).
Occasional specimens of D. frequens collected in Idaho have a posteromedial
extension on abdominal tergite VIII that suggests a supracaudal process. These
specimens can be separated from Diuraphis (Diuraphis) nodulus (Richards) and
Diuraphis (Diuraphis) mexicana (Baker) by the position of the siphunculi in relation to the sixth and seventh abdominal spiracles. Siphunculi of D. frequens are
clearly between the sixth and seventh spiracles (Muddathir 1965), whereas siphunculi of D. nodulus and D. mexicana are anterior to the sixth pair of spiracles.
Morphological differences among species found in North America can be summarized by the following key:
KEY TO SPECIES OF DIURAPHIS REPORTED IN
NORTH AMERICA

1.

Supracaudal process present on apterous viviparae; siphunculi anterior
to sixth pair of abdominal spiracles (Fig. 1; also see Fig. 3) [Diuraphis
(Diuraphis)] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1'. Supracaudal process on apterous viviparae absent or barely indicated;
siphunculi between sixth and seventh pair of abdominal spiracles (Fig.
2) [Diuraphis (Holcaphis)] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2(1). Process terminalis ofviviparae at least 2.0 x as long as base of antennal
segment VI; supracaudal process on apterous viviparae fingerlike and
at least 1.5 x as long as width at the middle (Fig. 1) ..... . ... D. noxia
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'

0

,

Figure 1. Diuraphis (Diuraphis) noxia (Mordvilko) apterous vivipara, showing supracaudal process
and position of siphunculi with respect to sixth and seventh pairs of abdominal spiracles.

'

...
I'

Figure 2. Diuraphis (Holcaphis)frequens (Walker) apterous vivipara, showing supracaudal process
and position of siphunculi with respect to sixth and seventh pairs of abdominal spiracles.
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Figure 3. Diuraphis (Diuraphis) mexicana (Baker) apterous vivipara, showing supracaudal process,
position of siphunculi and length of process terminalis.

2'.

Process terminalis of apterous viviparae less than 1.5 x as long as base
of antenna! segment VI, of alate viviparae less than twice as long as
base ofVI; supracaudal process on apterous viviparae broad and wider
than long, sometimes with a short projection in the center (Fig. 3) . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D. mexicana and D. nodulus 2
3(1). Ultimate rostral segment of all forms 0.12 mm long and nearly 3.0x
as long as wide (Fig. 4) . .... .... . ... ... . ....... .. ......... D. tritici
3'. Ultimate rostral segment of all forms 0.07 mm long and 2.0 x as long
as wide (Fig. 5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
4(3). Clear markings on abdominal segment VI of all viviparae; antenna!
segment III on apterous viviparae longer than segments IV and V
combined; specific to H olcus (Fig. 6) ... ............... . .... D. holci
4'. No markings on abdominal segment VI ofviviparae; antenna! segment
III on apterous viviparae shorter than segments IV and V combined;
on Agropyron, Triticum and Elytigia, but not on Holcus (Fig. 7) .. .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D. frequens

2 Resolution of D. nodulus and D. mexicana requires further taxonomic study. A revision of Diuraphis is pending (Manya B. Stoetzel, personal communication).
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Figure 4. Diuraphis (Holcaphis) tritici (Gillette) apterous vivipara, showing ultimate rostral segment. Scale: 1 em = 0.05 mm actual size.

Figure 5. Diuraphis (Holcaphis) frequens (Walker) apterous vivipara, showing ultimate rostral
segment. Scale: 1 em= 0.05 mm actual size.
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Figure 6. Diuraphis (Holcaphis) holci (Hille Ris Lambers) apterous vivipara, showing markings
on abdominal segments VI, VII and VIII and relative lengths of antenna! segments.

Host Range. -In the first experiment, the Idaho D. frequens colonized only
wheat. In the second experiment, it also heavily colonized T. ponticum (not
included in the first experiment). No colonies were found on E. repens in the first
two experiments. In the final experiment, there was heavy colonization on wheat,
and smaller colonies were found in A. interrupta, E . repens and T. ponticum (Table
1). This host range fits D. frequens, but not D. holci or any other Diuraphis
(Holcaphis) sp. except D. tritici, which can be ruled out due to its much longer
ultimate rostral segment. We ooserved that Idaho D. frequens placed on Holcus
lanatus exhibited a toxic reaction; within an hour, the aphids fell off the plants
and were unable to move in a coordinated manner. We observed no endophytic
fungus in our H. lanatus leaves when preparations were made according to the
procedure by Saha et al. (1988). Thus, H. lanatus is not a host of the Idaho
Diuraphis sp., ruling out any possibility that it is D. holci.
It is, in fact, doubtful that D. holci occurs in North America in spite of the
records cited by Smith & Parron (1978). There are none in the Canadian national
collection in 1989 (Robert Foottit, personal communication), nor in the collection
at the Illinois State Natural History Survey in 1990 (David Voegtlin, personal
communication), nor in the collections at the California Dept. of Food & Agri-
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Figure 7. Diuraphis (Holcaphis)frequens (Walker) apterous vivipara, showing pattern of abdominal
markings and relative lengths of antenna! segments.

culture, Sacramento and the University of California, Berkeley, California in 1990
(John Sorensen, personal communication). Hille Ris Lambers (1939) indicated
that D. holci is restricted to plants in the genus Holcus. None of the North American specimens identified as D. holci in collections at the United States National
Museum or the Palmer Collection at Colorado State University are specified to
have been collected from H olcus. About half of the slides have inadequate or no
host information, but specified host plants include petunia, quackgrass and Agropyron glaucum, all unlikely hosts of D. holci. Forbes & Chan (1989) reported an
extensive survey of aphids in British Columbia where H olcus lanatus is abundant.
They report Hyalopteroides humilis (Walker) and Sitobionfragariae (Walker) on
H. lanatus, but no Diuraphis spp. were found. Thus, we are not aware of evidence
that any Diuraphis sp. colonizing Holcus occurs in North America.
Triticum aestivum was a better host for the Idaho D. frequens than any other
plant tested, including E. repens, the host reported to be preferred by D. frequens
in Europe (Hille Ris Lambers 1939) (Table 1); however, colonies on wheat were
not as large as those produced by the three pest species. We have not found D .
frequens on E. repens in Idaho, although a number of other aphid species have
been found, including Sipha elegans del Guercio, D. noxia, Metopolophium dir-
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Table I. Mean numbers of aphids on various plants after two weeks of colonization, Parma, Idaho,
January-February, 1989. Means followed by the same letter (a, b, c) are not significantly different
from others in the same column using the LSD method of means separation.
Host

Triticum aestivum L.
Apera interrupta (L.) Beauvois
Elytrigia repens (L.) Beauvois (Moscow, Idaho)
Elytrigia repens (L.) Beauvois (Caldwell, Idaho)
Agrostis alba L.
Agrostis tenuis Sibthorp
Agrostis palustris (Hudson) Persoon
Holcus lanatus L.
Thinopyrum ponticum (Podperae)
Barkworth & D. R. Dewey
Calamagrostis sp.

D.frequens

D. noxia

119.0 a
31.3 b
6.3 c
9.0 c
Oc
Oc
Oc
Oc

1816.7
42.7
94.0
31.0
0.3
0.3
Oc
Oc

2.3 c
Oc

Oc
Oc

a
be
b
be
c
c

S. graminum

R. padi

2793.3 a
304.3 b
57.7 be
31.0 be
12.0 be
38.0 be
4.3 c
5.0 c

1450.0 a
112.3 b
7.3 c
36.0 be
118.7b
3.0 c
3.7 c
7.0 c

2.7 c
71.7 be

Oc
Oc

hodum (Walker), Sitobion avenae (Fabr.), S. graminum and Forda marginata
Koch (Gittins et al. 1976; SEH, unpublished data).
The Idaho D. frequens, D. noxia and R. padi all colonized T. ponticum, a species
used in conservation plantings, much more heavily when the plants were young
than they did one year later. This observation suggests that some perennial grasses
may become less palatable to aphids over time. If so, mature conservation plantings pose fewer problems as reservoirs of aphid pests than young stands. This
question should be examined further.
Apera interrupta was usually colonized more heavily than Agrostis spp. This
supports recent botanical evidence that A. interrupta should not be placed in the
genus Agrostis as it has sometimes been in the past (McNeill1981, Hitchcock &
Cronquist 1973).
Based on morphology and host range analysis, we think the Diuraphis sp. found
on Idaho wheat is D. frequens, although slight differences in morphology and host
preference remain to be resolved. These differences could be due to founder effect,
because it is likely that very few individuals were originally introduced into North
America.
Other species that have been introduced into North America have host ranges
that differ from their parent populations. Probably the most famous example is
Therioaphis trifolii (Monell). According to Blackman (1981), the original North
American population fed on Trifolium. About 70 years later, T. trifolii forma
"maculata" (Buckton) appeared on alfalfa. This population has several traits that
are not typical of the parent population in the Old World. Evidence suggests that
the North American alfalfa population resulted from the introduction of a single
clone (Blackman 1981).
In the case of D. frequens, however, introduction of a single clone from Europe
may not explain the marked preference for wheat in Idaho, because wheat is not
considered to be a host of D. frequens in Europe. Another possible explanation
is that Idaho D. frequens came from Asia, across the Bering Strait, rather than
from Europe, and thus has a host range differing from European populations;
however, wheat is not listed as a host in western Siberia (Ivanovskaya 1977).
We have observed wheat plants colonized by this species each year. Infested
plants are usually severely damaged, but damage is restricted to isolated plants.
We have observed that the most common situation is to find several infested
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plants near the edge of a late maturing field of spring wheat. Laboratory cultures
of the Idaho D. frequens do not produce many alatae in comparison with D. noxia
and D. tritici. If the same is true for field populations, this could explain its
restricted distribution. Theoretically, given the right conditions (e.g., when alate
production is greatly increased), outbreaks could occur, but it is unlikely that the
species will become a serious pest.
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Scientific Note

NEW HOST, BAUHINIA VARIEGATA L., AND
NEW LOCALITY RECORDS FOR
CARYEDON SERRATUS (OLIVIER) IN THE NEW WORLD
(COLEOPTERA: BRUCHIDAE: PACHYMERINAE)
The peanut (groundnut) bruchid, Careydon serratus (Olivier}, is native to the
tropics and subtropics of the Old World and attacks seeds of tamarind, Tamarindus indica L. and peanut, Arachis hypogaea L. (Davey, P.M. 1958. Bull. Entomol.
Res., 49: 385-404). This species has been introduced into the New World and
may become a serious pest if it becomes well established. In Africa, the species
is a serious pest of peanuts (Davey 1958; Prevett, P. F. 1967. J. Stored Prod. Res.,
3: 267-268), but in the New World, so far it has been collected only on its primary
host, tamarind. However, Velez Angel, in the article "Tres plagas insectiles recientemente detectadas en Antioquia. 1. El gorgojo del tamarindo, Caryedon serratus (Olivier)," (Velez Angel, R. 1972. Rev. Facultad Nal. de Agronomia, Medellin, Colombia, 27: 71-74) and Johnson reported that this species is already well
established in South America and is a potential threat to stored peanuts there
(Johnson, C. D. 1986. Coleopt. Bull., 40: 264). Although tamarind is becoming
an increasingly important crop for juice production in the tropics, the occurrence
ofCaryedon serratus on this plant is not yet considered serious. Johnson reported
Careydon gonagra [= Caryedon serratus] from Mexico (Johnson, C. D. 1966.
Pan-Pacif. Entom., 42: 36), and later (Johnson 1986) reported it from additional
localities in Mexico and from Venezuela, but did not give any collection localities
for Venezuela. Caryedon serratus has been established in Hawaii for a long time
(Bridwell, J. C. 1920. Proc. Hawaiian Entomol. Soc., 4: 403-409).
Several new locality records and a new host record, Bauhinia variegata L., in
Mexico are reported here. It is the first time this species has been collected from
a host other than tamarind in the New World, including Hawaii. The new host
could be important for the successful dispersal of this introduced seed beetle, and
an indication that the species is becoming well established in the New World. It
could eventually become a serious pest on both tamarind and peanuts. Because
B. variegata is a commonly cultivated ornamental plant in the New World tropics,
introduced from Asia, this plant could function for dispersal of the insect.
New Host and Locality Records.-(Records from Hawaii are not included, depositories follow in
parentheses). MEXICO. BAJA CALIFORNIA SUR: La Paz, 4-9 Apr 1967, J. Chemsak & M. Michelbacher (C. D. Johnson). DURANGO: 3 km W ofEl Palmito, 2-3 Oct 1976, E. Giesbert (Nat. Hist.
Mus. Los Angeles). NAYARIT: San Bias, 14 Ju11960, R. B. Loomis & J. Maris (LBS). OAXACA: 47
km W of Tapanatepec, 27 May 1983, L. O'Brien & G. B. Marshall (CWO). SAN LUIS POTOSI:
Tamazunchale, ex. seeds of Bauhinia variegata, 22 May 1990 (emerged 10 Ju11990), Jan A. Nilsson
(J. A. Nilsson). HAITI. Port-au-Prince, 15-23 Jan 1923 (Am. Mus. Nat. Hist.). ST. CROIX. H. A.
Beatty (Mus. Comp. Zoo!.). VENEZUELA. Puerta Negra, Tocoron, 8 Mar 1978, ex. tamarindo (Univ.
Centr. Venez.). ARAGUA: Maracay, El Limon, 1 May 1983, ex. tamarindo (Bord6n); 14 May 1976,
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11 Feb 1977, 6 Feb 1985, G. Yepez, ex. tamarindo (Univ. Centr. Venez.). CARABOFO: Maziata, 25
Feb 1965, D. Gonzales, ex. tamarindo (Univ. Centr. Venez.). ZULIA: Maracaibo, 28 Jan 1979, B.
Tambrano, ex. tamarindo (Univ. Centr. Venez.).

Jan A. Nilsson and Clarence Dan Johnson, Department of Biological Sciences,
Northern Arizona University, Flagstaff, Arizona 86011-5640.
Received 26 February 1991; accepted 2 June 1991.
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HEIMBRA OPACA (ASHMEAD)
(HYMENOPTERA: EURYTOMIDAE)
DISCOVERED IN WASHINGTON'
During 1990, a specimen of Heimbra opaca (Ashmead) was collected in southeastern Washington. The site is a grassy slope with scattered forbs and shrubs
along the north side of the Snake River. This is the first report of H. opaca and,
thus, the subfamily Heimbrinae, from Washington. The specimen was identified
by the authors using key criteria (Burks, B. D. 1971 . Trans. Am. Entomol. Soc.,
97: 1-87) and comparison with previously determined specimens.
This species was previously reported from California, Arizona, New Mexico,
Utah, Colorado, Kansas, Montana (Burks, B. D. 1979. In Krombein, K. V. et al.
Cat. Hymen. Am. N. ofMex., Vol. 1: 846), and Idaho (Johnson, J. B. & T. D.
Miller. 1987. Pan-Pacif. Entomol. 63: 324). Thus, H. opaca is widespread in arid
and semi-arid areas of the western U.S. However, it remains rarely collected and
biologically virtually unknown. The four collection sites in Idaho and Washington
known to the authors are all mixed grasslands, as described above, on sandy or
loess soils.
Material Examined.- WASHINGTON. WHITMAN Co.: 11.2 km (7 mi) E of Wawawai, 26 Jul
1990, sweeping vegetation, L. M. Wilson collector (specimen deposited: Maurice T. James Collection,
Department of Entomology, Washington State University, Pullman, Washington 99164-6432).

James B. Johnson and Linda M. Wilson, Department of Plant, Soil and Entomological Sciences, University of Idaho, Moscow, Idaho 83843-4196.
Received 28 February 1991; accepted 8 May 1991.
1 Published with the approval of the director of the Idaho Agricultural Experiment Station as
Research Paper 91714.

PAN-PACIFIC ENTOMOLOGIST
68(1): 64-65, (1992)

Scientific Note
HEMIHYALEA EDWARDSII (PACKARD)
(LEPIDOPTERA: ARCTIIDAE) IS THE HOST OF
PARADEJEANIA RUTILIOIDES (JAENNICKE)
(DIPTERA: TACHINIDAE) IN
CENTRAL COASTAL CALIFORNIA
Paradejeania rutilioides (Jaennicke) is a widespread species in the western Nearctic, including Mexico. West coast populations, which range from Vancouver
Island to southern California, have more extensive black markings on the ochreous
abdomen and were designated (Arnaud, P. 1951. Canad. Entomol., 83: 332) as
a subspecies, nigrescens Arnaud. In California, this race occurs along the coast
and Coast Ranges from Humboldt to Monterey Counties, on the west slope of
the Sierra Nevada, and in the Transverse and Peninsular Ranges, to elevations
of 1900 m; nearly all collection records are from late August toNovember (Arnaud
1951; University of California, Berkeley, specimens).
Paradejeania rutilioides nigrescens is the largest and most conspicuous tachinid
in California, yet its biology is poorly known. General and perhaps presumed host
records date back to the early 1900s (Essig, E. 0 . 1913. Injurious and beneficial
insects of California. Calif. State Comm. Hort. Mo. Bull. 2: 261; 1915, ibid, 2nd
ed. Suppl. 4: 330), when Paradejeania was stated to feed on "caterpillars" and
"caterpillars of various species," respectively, without specific taxa given.
Arnaud reported a host of this fly to be an arctiid, Hemihyalea sp., based on a
specimen from Los Gatos, Santa Clara Co., California, reared by H. P. Allmendiger
and R. Maddux (Arnaud, P. 1974. Pan-Pacif. Entomol., 50: 93). Because there
is only one species of Hemihyalea known in the area, H. edwardsii (Packard), this
is presumbly Arnaud's host record. The following observations on a rearing lot
that produced three examples of the fly and one of the moth agree with this
assumption. The only other reared specimen of P. r. nigrescens that we have seen
is one that emerged from leaf litter collected beneath Quercus agrifolia Nee in
Golden Gate Park, San Francisco, by P. A. Opler (JAP 67G16). The duff was
procured 21 J ul 196 7, evidently containing a puparium, and the fly eclosed 6 Sep
1967 (UCB).
During a Lepidoptera survey trip to Big Creek Reserve in coastal Monterery
Co., California, 5 Jun 1990, we noticed several large woolybears climing the main
trunk of a mature Q. agrifolia at dusk. Six were collected from heights of 2.4 to
3.0 m and others could been seen further up. There was a large tree hole in this
trunk that contained arctiid exuvia and copious frass. Apparently, the Hemihyalea
larvae migrate up to the foliage to feed at night and retreat to a shelter during the
day. This explains why we have never found larvae of this arctiid on Q. agrifolia
during diurnal survey for lepidopterous larvae at numerous localities in the region.
We also found one larva of H. edwardsii at night on Q. agri]olia at a higher
elevation site at Big Creek in April (JAP 90D64).
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The six larvae collected in June were transported to Berkeley for rearing. Five
produced cocoons; one larva died prior to, and one following cocoon construction.
A large tachinid puparium appeared in each of three of the cocoons in late June
and July after emergence of the maggots. Three specimens of P. rutilioides nigrescens emerged 12 Jul to 30 Aug and one H. edwardsii on 17 Sep.
It is clear that H emihylea serves as a host for Paradejeania, and the coincidental
autumnal flight periods of the two insects suggest that this moth is the only host
in this region, because we do not have any other large fall-flying, univoltine moth
in the coastal areas inhabited by P. rutilioides. Although we still do not know how
this tachinid infects its host, some observations provide clues for a possible answer.
Arnaud observed females ofthis fly that bore dozens of active maggots in uturus,
in December, 1966, in San Francisco at the same site where Opler's Paradejeania
was reared the following September (Arnaud, P. 1968. Pan-Pacif. Entomol., 44:
85). This suggests that this tachinid, at least the females, can survive for a long
time, into mid-winter when H. edwardsii presumably has entered early larval
stages. Considering that the tachinid is larviparous and diurnal and the arctiid
larvae are nocturnal, it seems difficult to explain the high parasitism rate oflarvae
we encountered. Hemihyalea larvae likely are widely dispersed during feeding in
the expansive canopy of Q. agrifolia. The female tachinid produces hundreds, or
even thousands, of larvae and the first instars may be distributed generally on the
foliage, where they would have to be capable of surviving until arrival ofthe host
caterpillars. Alternatively, P. rutilioides may be able to locate resting groups of
larvae and larviposit at the retreat either near, or on, the arctiid larvae.
The moths are abundant in late September and October, often 20-30 per blacklight trap sample, with a few worn examples persisting into November. The
conspicuous fly visits flowers of Eriogonum, Haplopappus, Aster, etc. (numerous
on introduced ivy, Hedera, growing at the Gatehouse), in late October and November. None was observed during late September and early October when adults
of the arctiid are most numerous.
Records.-All the following data are from: CALIFORNIA. MONTEREY Co.: Big Creek Reserve:
H. edwardsii: HQ area 0-10 m, coastal scrub, 3-4 Oct 1985, 27-28 Sep 1987, 29 Oct 1989, J. W.
Brown, J. A. Powell; Gatehouse, 18 Oct 1988, J. Smiley; Trail to Redwood Camp 80 m, 27 Sep 1987,
J. A. Powell; Devils Creek Flat 120m, 27 Sep 1987, J. W. Brown; South Ridge Rd, 220m, 7 Nov
1988, 29-30 Oct 1989, and larvae 5 Jun 1990, r.f. Quercus agrifolia, emgd. 17 Sep 1990 (JAP 90F12)
Y.-F. Hsu, J. A. Powell; South Ridge Rd, 450-500 m, 29-30 Oct 1989; South Highlands, 675 m,
larva 27 Apr 1990, r.f. Q. agrifolia, emgd. 12 Sep 1990 (JAP 90D64) Y.-F. Hsu.
P. rutilioides nigrescens: HQ area 0-10 m, coastal scrub, 30 Oct 1989; grassland above Brunette
Crk, 180-240 m, 31 Oct 1989, J. A. Powell; South Ridge Rd, 220m, 5 Jun 1990, r.f. Hemihyalea
edwardsii larvae, emgd. 12 Jul, 20, 31 Aug 1990 (JAP 90F12) Y.-FHsu, J. A. Powell; South Highlands,
625-750 m, 30 Oct 1989; vic. French Camp, 750-800 m, manzanita-pine-oak woods, 6-8 Nov 1989,
J. A. Powell.

Acknowledgment.- We thank John Smiley for cooperation with facilities and
field work at the Big Creek Reserve and Paul H . Arnaud, Jr. for comments on
the manuscript.
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LOW SUSCEPTIBILITY OF OVERWINTERING MONARCH
BUTTERFLIES TO BACILLUS THURINGIENSIS BERLINER
The large winter aggregations of the adult monarch butterfly, Danaus plexippus
L. (Danaidae: Lepidoptera), are spectacular phenomena that occur among selected
groves along the California coastline and in the high mountains of Mexico. The
overwintering areas in Mexico are periodically infested by larvae of Evita hyalinaria (Grossbeck) (Geometridae: Lepidoptera), which defoliate the oyamel fir
trees, Abies religiosa Lindley, used by the butterflies. Foliage protection can be
attained with the use of Bacillus thuringiensis Berliner, but the application of this
biotic agent may inadvertently affect the monarch butterflies overwintering in the
sprayed region. Brower expressed concern over the widespread application of B.
thuringiensis because of its potential negative effects on the monarch butterflies
(Brower, L. 1986. Atala, 14: 17-19). He felt that large scale spraying of this biotic
agent should be avoided near an overwintering site unless the procedure could
be determined as safe or of minimal risk to the butterflies. Because the susceptibility of adult monarch butterflies to B. thuringiensis is unknown, we tested this
bacterium against overwintering butterflies under laboratory conditions.
Butterflies were collected from a central coast wintering site located in Oceano,
California (Leong, K. L. H. 1990. Ann. Entomol. Soc. Am., 83:906-910) and held
in cages without water at room temperature and humidity (21 o C ± 0.25 SE, 42%
RH ± 1.1 SE) for two days before treatment. The butterflies (10 insects per cage
and three cages per treatment) were initially subjected to twice the recommended
concentration of commercial B. thuringiensis [kurstaki] (Javelin®, 1. 9 liters/3 7 58
liters of H 20 [16,000 Spodoptera units/mg]) or to twice the recommended concentration of dead transgenic Pseudomonas jluorescens (Trevisan) Migu1a containing endotoxin crystals (MVP®, 1.9 liters/3758 liters of H 20 [10,000 Diamondback units/mg]). Control groups were provided water only. Adult monarchs
were exposed to B. thuringiensis by two ways: (1) spraying an aqueous suspension
onto the leaves of Eucalyptus sp. (tree species commonly used by overwintering
butterflies in California) within the cages until runoff (approximately 16 ml), and
(2) placing an aqueous suspension in petri dishes (50 ml) for 24 h.
The adults imbibed the preparation almost immediately after exposure. Five
days after exposure, the adults showed a low mortality to both Javelin® and
MVP®. The butterflies exposed to Javelin® spray, however, had a significantly
higher mortality (P < 0.05) than those sprayed with MVP® (20% ± 7 SE for
Javelin® vs 3% ± 3 SE for MVP®). The same relationship, but not significantly
different, was exhibited between the two groups of butterflies exposed to the
inocula in petri dishes (7% ± 5 SE for Javelin® vs 3% ± 3 SE for MVP®). None
of the control insects died during the study period. The results suggest that the
butterflies were slightly more susceptible to B. thuringiensis preparation than to
the transgenic P. jluorescens.
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To confirm the results of the B. thuringiensis preparation, another test was
conducted with Javelin® at the recommended (0.9liters/3758 liters of H 20) and
at twice the recommended concentrations by spraying or by placing the aqueous
suspension in petri dishes (10 insects per cage, three cages per treatment). The
control adults were exposed to water only. The butterflies again exhibited low
total mortality rates at both the recommended and twice the recommended concentration rates (7% vs 7% spray; 3% vs 7% petri dishes). The total mortality
among the control insects was zero for the spray and 3% for petri dish treatment.
Bacillus thuringiensis was isolated from the hemocoel of the dead butterflies
treated with Javelin, but not from the controls.
The fecal droppings of butterflies treated with twice the recommended concentrations were collected daily and placed in 5 ml of sterile water and agitated. A
loopful of the suspension was then streaked onto nutrient agar and incubated at
25° C. Bacillus thuringiensis isolates were determined by colony growth characteristics and by microscopic examination (400 x ). The bacterium was recovered
daily throughout the five day holding period. Fewer colonies (based on qualitative
observations) of B. thuringiensis were isolated after five days than after the first
two days. The bacterium was also recovered from the gut contents of the surviving
adults after the five-day holding period.
The overwintering butterflies, under laboratory conditions, showed low sensitivity to the B. thuringiensis used, both at the recommended and at twice the
recommended concentrations for control of lepidopterous larvae. The results
suggest that the application of this biotic agent within or near the butterfly's winter
habitat presents a minimal threat to their survival. Because a small percentage of
the butterflies did succumb to this bacterium or its product (endotoxin), however,
the use of B. thuringiensis near the butterfly's overwintering site should be minimized.
Assuming that E. hyalinaria, the defoliator of fir trees, is equally susceptible
to B. thuringiensis and transgenic P. j/uorescens, the latter may be a better choice
for controlling this insect. Our data suggest that the butterflies were less susceptible
to the endoxotin alone than to a bacterial spore endotoxin mixture. To ensure
another level of safety for the roosting butterflies from possible drift of the bioinsecticide, a spray-free buffer zone could be established around the overwintering
site. This buffer zone, however, may be subjected to defoliation by E. hyalinaria,
and could affect the roosting site. The possible threat of introducing the bacterium
or its endotoxin into the protected aggregation sites by affected adults (via fecal
droppings) exposed to the treated areas is minor due to the dilution effect, the
poor survivability of the spores on the leaf surfaces (Leong, K. et al. 1980. Environ.
Entomol., 9: 593-599) and the low adult susceptibility to B. thuringiensis. Another
possible threat is the contamination of the monarch butterfly eggs with B. thuringiensis deposited by affected adults (Ali, A. A. & T. F. Watson. 1982. J. Econ.
Entomol., 75: 596-598). Presumably, the overwintering butterflies will have eliminated most of the bacterium before egg deposition occurs. The monarch larvae
sensitivity to B. thuringiensis from adults remains unknown and requires further
study.
Although our study suggests that B. thuringiensis presents a minimal threat to
the adult monarch butterflies, the susceptibility of the populations while in Mexico

68

THE PAN-PACIFIC ENTOMOLOGIST

Vol. 68(1)

still needs to be investigated before wide scale spraying is employed near their
winter aggregation site.
Acknowledgment. -Authors thank the Mycogen Corporation, San Diego, California for providing the Bacillus thuringiensis materials (Mycogen MVP®) used
in this study.
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NEW DISTRIBUTIONAL RECORDS FOR SOME
CANDIDATE SPECIES OF LYTTA IN CALIFORNIA
(COLEOPTERA: MELOIDAE)
Five Californian species of Lytta blister beetles (Coleoptera: Meloidae) are
candidates for listing as endangered (i.e., a species that is likely to become extinct)
by the U.S. Fish and Wildlife Service. These species [L. hoppingi Wellman, L.
insperata (Hom), L. moesta (Hom), L. molesta (Hom), and L. morrisoni (Hom)]
have not been listed due to a lack of biological information. Developments in
California's central valley and surrounding foothills continue to impact them and
their habitat because of three factors: our knowledge of their biology is limited,
a lack of adequate survey methods, and the beetles not being fully protected by
the Endangered Species Act (1973).
Recently, specimens of four of these candidate species were found in the R. S.
Wagner Collection at the Tulare County Agricultural Commissioner's/Sealer's
Office, Visalia, California. The specimens represent new distributional records for
three species, having been collected in the 1930s but overlooked by researchers.
For two of these species, an additional, more recent, distributional record is
reported. We present this information (see Records section) to improve and update
the distributional data on Lytta; to aid federal, state, and county regulatory agencies in their development, management, and protection efforts; and to encourage
researchers to utilize the Wagner Collecton and to study the endangered invertebrate fauna. Distributional information on Lytta has been summarized (Selander, R. B. 1960. Illinois Biol. Monographs, 28) and recently updated (California
Department of Fish and Game. 1991. Natural Diversity Data Base, computer
data base of sensitive species. Sacramento, California).
Biological information for the five candidate species of Lytta is almost nonexistent. Lytta molesta has been collected on Lupinus (Leguminosae) feeding on

1992

SCIENTIFIC NOTE

69

its flowers and seed pods (personal observations) and on Erodium cicutarium (L.)
(Geraniaceae) (Selander 1960). Like most meloid beetles, Lytta parasitize the nests
of wild bees, feeding on provisions or immature stages of the bees (Selander 1960).
Bee genera that are parasitized by various other Lytta species include: Anthophora
Latreille, Diadasia Patton; Emphoropsis Ashmead, Ptilothrix Smith (all Hymenoptera: Anthophoridae), Andrena subgenus Onagrandrena Linsley & MacSwain
(Hymenoptera: Andrenidae) and Colletes Latreille (Hymenoptera: Colletidae)
(Hurd, P. D. Jr. 1979. In Krombein et al. (eds.). Cat. ofHymenoptera in America
north ofMexico. Vol. II, Smith. Instit. Press, Wash., D.C., pp. 1199-2209; Selander 1960).
The fourth candidate species in the Wagner Collection, L. molesta, is represented by three females and five males from a location previously reported by
Selander (1960) as Lanes Bridge, Fresno Co., California. These specimens, though
not providing new distributional information, have taxonomic value and demonstrate the merit of the Wagner Collection.
Because the candidate Lytta are very similar to each other, similar to other
Lytta species, and more than one species may occur at a site, we urge researchers
to collect voucher specimens and have them identified by a taxonomist to validate
records. We hope that this information encourages researchers or agencies (state,
federal, or private) to study or provide the funding necessary to determine the
biological status of these species.
Records.-Lytta hoppingi Wellman. New records: CALIFORNIA. KERN Co.: Taft, 29 Apr 1978,
W. H. Tyson (California Department ofFish and Game. 1991) [species determined by J.D. Pinto].
TULARE Co. : Ducor, 25 Mar 1934, 8 males and 8 females. Historical distribution: CALIFORNIA.
FRESNO Co.: Coalinga; TULARE Co. : Visalia; Delano.
Lytta moesta (Horn).-New records: CALIFORNIA. KERN Co.: Arvin, 29 Mar 1931, 2 females.
TULARE Co.: Springville, 28 May 1933, 1 female; 23 Jun 1936, 1 pair (in copulation). Historical
distribution: CALIFORNIA. FRESNO Co.: Friant. KERN Co.: Edison. MADERA Co.: Kismit. SANTA
CRUZ Co. : Santa Cruz. STANISLAUS Co.: Manteca; Modesto; Ripon; Westly. TULARE Co.: exact
location unknown (county label only); Kaweah; Potwisha, Sequoia National Park.
Lytta morrisoni (Horn).-New records: CALIFORNIA. FRESNO Co.: Panoche Road 13.1 km (8.2
miles) W oflnterstate 5, 21 May 1978, F. G. Andrews (California Department of Fish and Game.
1991) [species determined by J.D. Pinto]. TULARE Co.: Plano, I May 1939, 1 male and 1 female.
Historical distribution: CALIFORNIA. FRESNO Co.: Coalinga. KERN Co.: exact location unknown
(county label only); Edison. TULARE Co.: Kaweah; Tipton; White River (south of). One data locale
lists only "southern California."
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RHOPALOSIPHUM RUFIABDOMINALIS (SASAKI) AND
APHIS ARMORACIAE COWEN
(HOMOPfERA: APHIDIDAE) CONFIRMED ON
WHEAT IN IDAHO
Two species of aphids were found on wheat in Idaho for the first time during
October, 1990. Both were found on winter wheat (Triticum aestivum L.) cv.
'Stephens' at the SW Idaho Research & Extension Center at Parma (Canyon
County). Neither of these species is likely to become a significant pest as both
have been in Idaho for at least five years and are only now being discovered on
wheat despite intensive surveys of this crop since 1986. However, these additions
to the wheat aphid fauna will further complicate species identifications of aphids
found on cultivated cereals by increasing the number of taxa that must be recognized. Additionally, the genus Rhopalosiphum includes two common cereal
pests, R. maidis (Fitch) and R. padi (L.), plus R. insertum (Walker). Separation
of the latter three species requires detailed microscopic examination.
Rhopalosiphum rufiabdominalis (Sasaki) was collected between 16 Oct-19 Nov
1990 on winter wheat roots. Rhopalosiphum rufiabdominalis is permanently parthenogenetic on roots of rice and many other species of Gramineae in most parts
of the world, though holocyclic populations overwintering on Prunus spp. have
also been reported. It colonizes the roots of some dicots, especially Solanaceae
and can be a serious pest on plants in hydroponic systems (Blackman, R. & V.
Eastop. 1984. Aphids on the world's crops: an identification and information
guide. John Wiley & Sons, New York; Blackman, R. et al. 1987. World perspectives on barley yellow dwarf. Proc. ofintern'l. workshop, 6-11 July 1987, Udine,
Italy. Dipartimento Cooperatizione Allo Sviluppol International Maize and Wheat
Improvement Center (CIMMYT), pp. 197-214). It is known to vector barley
yellow dwarf virus (Jedlinski, H. 1981. Plant disease, 65: 975-978; Johnstone,
G. et al. 1987. World perspectives on barley yellow dwarf. Proc. of intern'l.
workshop, 6-11 July 1987, Udine, Italy. Dipartimento Cooperatizione Allo Sviluppol International Maize and Wheat Improvement Center (CIMMYT), pp. 228239; Paliwal, Y. 1980. Can. J. Pl. Path., 2: 90-92).
Rhopalosiphum rufiabdominalis was collected prior to these field collections in
suction traps at Parma, Burley, Caldwell and Craigmont. There are no previously
published records of collections from host plants in Idaho for R. rufiabdominalis.
A field survey of cereal aphids between 16 Oct and 5 Dec 1990, on winter wheat
showed decreasing numbers of R. rufiabdominalis as the season progressed (Table
1). This, along with late season suction trap collections and the presence of alatoid
nymphs late in the season indicate the possibility of holocyclic overwintering in
Idaho.
Aphis armoraciae Cowen was collected on 12 Oct 1990 from winter wheat using
a Berlese funnel, and on 3 Dec 1990 on bluebunch wheatgrass T-2950 (Agropyron
spicatum (Pursh) Scribner & Smith) at Parma, Idaho. Aphis armoraciae infests
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Table 1. Rhopalosiphum rufiabdominalis (Sasaki) population on winter wheat (Triticum aestivum
L.) cv. 'Stephens' at Parma, Idaho, 16 Oct-19 Nov 1990.
Aphid Stage
Sample date'

16 Oct
22 Oct
8 Nov
19 Nov
5 Dec

Nymph I

Nymph 2-4

Alatoid

Apterae

Alatae

Total

0
0
7
0
0

48
12
4
1
0

0
0
1
0
0

1
2
5
0
0

0
0
0
0
0

49
14
17
1
0

• 20 tillers per sample and 10 samples.

roots and sometimes the aerial parts of plants in several families including Compositae, Cruciferae, Umbelliferae, and Gramineae (maize, wheat) (Blackman &
Eastop 1984). Aphis armoraciae was previously collected from Bear Lake Co. on
raspberry, Bingham Co. on potato, Canyon Co. on maize and roots of Sisymbrium
altissimum L., Caribou Co. on potato, cabbage and radish, Franklin Co. on maize
and Aster sp., Oneida Co. on Chrysothamnus nauseosus (Pallas) Britton and Teton
Co. on potato (Gittins, A. et al. 1976. An annotated list ofthe aphids of Idaho
(Homoptera: Aphididae). Rec. Bull., 95. College of Agric. Univ. ofldaho). Aphis
armoraciae was also collected in suction traps at various areas in Idaho for several
years from 1985-1990.
Voucher specimens from our collections from wheat are on deposit at the
University of Idaho, SW Idaho Research and Extension Center, Parma, Idaho.
Material Examined.-Rhopalosiphum rufiabdominalis: IDAHO. CANYON Co.: Parma, 22 Sep
1985, and 1, 7, 15, 29 Sep 1987, suction trap, 1 specimen on each date; Caldwell, 21 Jul1990, suction
trap, 1 alate. CASSIA Co.: Burley, 18 Aug 1986, suction trap, 1 alate. LEWIS Co.: Craigmont, 25
Aug 1990, suction trap, 1 alate.
Aphis amoraciae: IDAHO. CANYON Co.: Parma, 12 Oct 1990, winterwheat, Berlese funnel, 7
specimens; Parma, 3 Dec 1990, bluebunch wheatgrass T-2950, 2 oviparae; Parma, 16 and 22 Oct, 8
and 19 Nov, 5 Dec 1990, Triticum aestivum 'Stephens,' total 81 specimens of various stages (see
table).
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