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ABSTRACT
TRAP-NESTING BIOLOGY OF
PASSALOECUS CUSPIDATUS SMITH (HYMENOPTERA: SPHECIDAE)
AND SYMPATRIC SPECIES
By

John Morris Fricke

Trap-nesting studies of Passaloecus (Hymenoptera: Sphecidae) were
carried out at Concordia College, Ann Arbor, Michigan, from 1984
through 1987. Variations In nest architecture and resource
partitioning among sympatric Passaloecus spp. were studied. Trap nest
bore diameter selections among Passaloecus spp. were: P. annulatus
(Say) and P. areolatys Vincent, 1.6 - 2.4 mm; P. cuspidatus Smith, 2.0
- 6.4 mm, and P. monilicornig Dahlbom, 1.6 - 3.6 mm. P. cuspjidatus
preferred trap nests on Pinus and P. areolatus preferred trap nests on
Juglans. P. areolatys nests were most frequent at heights of 3 to 9
m; P. cuspidatus nests were most frequent below 3 m. Qmalus aeneus
(Fabricius) (Chrysididae) parasitized nests of P. annulatus, PB.
areolatug, P. cuspidatys, and P. monilicornis; Omalus lIridescens
(Norton) parasitized P. annulatus; and Trichrysis dorjae Gribodo
parasitized P. cuspidatuys. Pomenia thoracica (Cresson)
(Ichneumonidae) parasitized P. cuspidatus and Pomenia albipes
parasitized P. gareolatus, P. cuspidatus, and P. monilicornis. Mean

length of provisioned cells decreased as bore diameter increased, and
volumes of provisioned cells increased with Increasing bore diameter.

Increased length of provisioned cells was associated with higher
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parasite activity but not with wasp senescence. Orientation of
trapnest bore openings did not influence frequency of trap nest use by
Passaloecus spp. Decreased bore depth resulted in significant
decreases in basal cell lengths and slight decreases in provisioned
cell lengths. A signficant decrease in number of provisioned cells in
trap nests with 60 mm bore depths was noted only for P. cuspidatus.
In 1987, provisioning activity of P. cugpidatus extended from May 29
through August 6. Elghty trap nests contained 281 provisioned cells
and 9618 aphids. The average number of aphids per cell was 34.2 and
the average number of cells provisioned per day per trap nest was .73.
P. cugpidatus wused Cinaria sp., Dactynotus sp., Euceraphis sp.,
Macrosiphum euphorbjae (Thomas), Myzus sp., Myzus cerasi (Fabricius),
Myzus monardae (Davis), and Sjitobium avenae Fabricius. The number of
aphids provisioned per cell was significantly different among three
specles of aphids and was inversely related to aphid size. Resin
gathering activities of P. cuspidatys were also observed and

described.
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INTRODUCTION

Man and the insects have a long history of positive and negative
inter-relationships. Many Insects directly or Indirectly are
instrumental in providing food, flber, shelter, and enjoyable
recreational pursuits. Ecologically, Insects have their place In food
chains as biological concentrators (herbivores and carnivores),
decomposers, reducers, or as benefactors to plants requiring blotlc
agents for polllnation.

However, when man manages ecosystems for his own purposes,
insects have opportunity to explolt concentrated resources and have
negatively influenced man‘s objectives. Any product of interest to
man (food, fiber, shelter, health, and recreation) Is also a resource
capable of being used by insects for their own purposes.

As human activity shifted from subsistance levels to commerclal
enterprizes, resources were concentrated, Increasing the opportunity
for their exploitation by Iinsects. New technologles enabled larger
scale operations and Increased travel provided opportunity for
distribution of potential insect pests. Energy Investment,
productivity, and profits increased. Monoculture replaced diverse
ecosystems; and accidental Introductions of potentlal pests into rich
resource bases, lacking appropriate biological controls, often

resulted In staggering losses.
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Efforts to combat competitors for products of interest predate
the agricultural revolution. Early control techniques Included
compounds of sulfur, arsenic, and copper; plant derivatives such as
nicotine, pyrethrins, and rotenone; and other naturally derived
materials such as chalk, wood ash, oll sprays, bitumen sticky bands,
and predatory ant colonies. As the agricultural revolution
progressed, pest control measures became more scientifically based and
received a tremendous lmpetus from the fleld of medical entomology as
many tropical diseases including Texas cattle fever, African sleeping
sickness, malaria, and yellow fever were shown to have arthropod
vectors. A muiti-faceted approach, which might be considered
primitive Integrated pest management, emerged and Included the
development of resistant varieties, and the Iimplimentation of
cultural, biological, and chemical controls.

The search for improved chemical control received great impetus
during World War II with the reallzation that dangers of tropilcal,
Insect-vectored diseases were surely as great as those of armed
combat. Subsequent discovery of the Insecticidal properties of DDT
ushered In a new age of optimism regarding insect management, and
"control" of pests was replaced with the attitude of eradication.
Given this prospect, old pest management practices including crop
rotation, sanitation, and encouragment of natural enemles declined.

Pesticide use accelerated, without regard for ecological
principles or consequences, and individual users applied chemical
controls even in situations where pests were not economically harmful.

The realization that something was amiss developed gradually. Salth,
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Hoskins, and Fullmer (1948) reported that dalry cows fed low residue
hay (2 ppm DDT) produced butterfat with 65 ppm DDT, but little public
attention was focused on the persistance and biological magniflicatlion
of pesticides until the 1962 publication of Rachel Carson‘s Sllent
Soring. Subsequently, four significant observations were made: 1)
target populations, especially those with short life cycles and high
reproductive capacities developed resistance to pesticides; 2) target
populations frequently rebounded to even higher population levels
following pesticide applications, often due to the eliminatlon of
natural controls; 3) secondary pests became major pests due to the
removal of natural control agents; and 4) significant numbers of
non-target organisims were succumbing to pesticides as a result of
direct application, food chain magnification of lngested pesticldes,
or the long term accumulation of hard pesticides with long half-1ives.

In response to the development of resistance, appllication rates
and frequency of applications Increased. The pesticide Iindustry
responded with the development of alternative pesticides; but
effective life spans of pesticides decreased, and development and
testing costs contributed to Iincreased cost of control, decreasing
profit margins.

Smith and Michelbacher (1949) and Smith, Anderson, and Reynolds
(1950) suggested that pest management should involve field evaluation
of pest populations and their natural enemies. This s assoclated
with the reallization that pest populations can exist at levels too low
to Justify the cost of certain management practices. Gradually,
control systems have been developed which Involve a hollstic ecosystem

approach called Integrated Pest Management (IPM).
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IPM system success requires an accurate knowledge of the biology
of crops, pests, nafural controls, and the effects of climatic
conditions on the population growth of each of these components.
Classical success storles, such as the control of cottony cushlon
scale by the vedalia beetle, I|llustrate that comprehensive studies can
identify effective agents of biological control.

It is interesting to note that research efforts to learn the
general biology of Insects and their blological control declined with
increased pesticide production and testing. The very actions that
precipitated greater need for such studies were mitigating agalnst
them. The basic blology and potential use of natural enemies has
consequently been limited to those systems Iinvolving products of
interest with the greatest economic Impact and highest potential
funding levels. Many predator-prey relatlonships await study and
Incorporation into the knowledge base of pure and applied entomology.
One such relatlonship Iis that between the genus Paasaloecus and
aphids.

Fleld studies of Passaloecus show the correctness of describing
these wasps as aphid hunters. However, these wasps have not been
Included in lists of aphid predators or parasites (parasitoids). This
may be due to the peculiar blology of the aphid hunting wasps in
general. These wasps provision nests located In the ground, twigs,
beetle borings, reeds, grass culms, and bark. Nests may be located
some distance from an aphid colony and time spent by provisioning
wasps at these colonies may be minimal. This contrasts with the long
term close contact with an aphld colony by predaceous larvae of

coccinelllds, chrysopids, syrphids, or hymenopterous parasitolds.
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Dixon (1973) notes the success of blological controls on aphlids
in man-managed ecosystems but Iindicates there is no evidence that
natural enemies regulate aphid populations. Corbett and Backhouse
(1975) suggest that aculeate Hymenoptera might be useful in IPM
programs |f more were known of their blology. They recognize
difficulties (high temperature thresholds for activity, low fecundity,
long generation time, siow response to prey density, high lnvestment
In rearing time, and availabllity of nest sites) but suggest that In
greenhouses management of these wasps could prove successful.

Previous work on Passaloecus has been Iincidental and
serendipltous. The most comprehensive studies have been reported on
P. cuspidatuys Smith (Fye, 1965b; Krombein, 1956, 1958, 1963, and 1967;
and Vincent, 1978) and P. monllicornis Dahlbom (Fye, 1965b; Vincent,
1978). However, the scope of these studies was |lmited. Bore
diameters used in these trap-nesting studies usually had lower limits
of 3.2 mm and rather large scale increments of 1.6 mm. Bore diameters
most commonly used have been 3.2, 4.8, 6.4, and 8.0 mm. Considering
the small size of Passaloecus spp., smaller bore diameters are more
appropriate for determining bore diameter preferences. Data from
large bore trap nests suggest an Inverse relationship between bore
diameter and cell length or cell volume. The effectiveness of smaller
bore diameters needs to be examined.

No blological studies have been reported on sympatric
Passaloecus. If several Passaloecus spp. are present In a community,
how are resources (aphids, nesting sites, closure materlals, etc.)

partitioned? An abundance of resources might make direct competition
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or interference of no consequence, but competition theory would
suggest that any advantage to one species would result In ultimate
exclusion of others, if the same resoures were required (Gause, 1934,
1935; Park, 1948). Can a partitioning of resources by Passaloecus
Spp. be demonstrated?

Corbet and Backhouse (1975) suggested that Passaloecus females
have a hunting life of S0 days, but only one report confirms an
activity period near that duration. Krombein (1963) reported P.
annulatuys as multivoltine and active from May 20 through October 13
and P. cuspidatys active 39 days (June 1 - July 9). Fye (1965b)
reported on P. monllcornis with a spring generation provisioning nests
in June and a summer generation provisioning nests in August.

Detalls on the nature of trap-nesting sites (exposures, helights,
station species, and plant communities) have not been included Iin
previous studies. Such information would be helpful in determining
the factors Influencing the local distribution of sympatric
Passaloecus. The research reported below was carried out during the
summers of 1984 - 1987. Preferences among Passaloecus spp. for bore
diameters, stations, bore opening orientations, and heights were
investigated. The influence of bore diameters and bore depth on cell
architecture, the effects of parasitoid activity, and aphid prey

selection were also investigated.
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METHODS AND MATERIALS

Many solitary bees and wasps construct brood cells in
pre-existing natural cavitlies such as beetle borings or in excavatlions
of plithy stems and twigs of Sambucus and Juglans. Artificlal nesting
materials are also acceptable and provide a convenient approach to
study nest architecture, nesting actlivity, provisions and parasites.
Various materlals have been used as artificlal nests and Included
bamboo, glass tubes, plastic straws, cuttings of twigs and stems, and
trap nests. Condensation In glass tubes and plastic straws make these
materials Ineffective. Bamboo has a varylng bore dlameter and
cuttings of twigs and stems are split with great difflculty. Trap
nests used previously by various researchers consisted of small
rectangular pleces of wood with holes drilled into thelr longlitudinal
axes. The longitudinal holes (bores) varied In depth and diameter and
are analogous to natural cavities used as nesting sites. Trap nests
of clear straight-grain pine were split In half lengthwise, exposing
nest contents with relative ease, especially if bore dlameters were
greater than 3.2 mm.

Trap nest construction techniques for this study were similar to
those described by Fye (1965a) and Krombein (1967). Plne boards were
cut into trap nests (19 x 19 x 140 mm) with holes drilled
longitudinally to depths of 60 and 120 mm. Bore dlameters and bore
depths varied seasonally, dependent upon prior experience and current

study focus.
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Bore dlameters used In these studies ranged from 1.6 to 9.6 mm
with Increments of 0.4 or 0.8 mm. Trap nests were usually placed at
heights convienient for making fleld observatlons. Helghts above
ground level wusually ranged from S0 cm to 200 cm with 25 cm
Increments. In one experiment, trap nests were distributed at helghts
of 1 to 9 m with one meter Intervals. Bore depths of 120 mm were used
in all studies with the exception of Investigations carried out In
1986 when 60 and 120 mm bore depths were used with equal frequency.

Several problems encountered In early studies were resolved with
modifications of trap nest construction techniques. Small bore trap
‘nests (1.6 mm - 3.2 mm) were split with some difficulty. The
splitting plane frequently did not Intercept the bore, since it was
seldom parallel to the long axis of the trap nest. These problems
were solved by the use of pre-gpllt trap nests. Several steps were
required for their construction. A band saw was used to cut trap nest
blocks length-wise Into two sections with dimensions nominally 6.4 x
19 x 140 mm and 12.6 x 19 x 140 mm. A drill-guide channel was routed
In a longltudinal face of the larger section. Trap nest sectlons were
bound together with masking tape and drilled to appropriate depths and
dlameters with high speed twist-steel blts.

Pre-split trap nest sections did not fit well together.
Irregularities across spllit surfaces admitted light and excess
molsture, both detrimental to trap nest use. These difficulties were
eliminated by modifying a technique from Krombein (1967). Pre-split

trap nests were coated with melted paraffin and then re-drilled to
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their appropriate bore dlameter and depths. Re-drilling removed
paraffin that blocked the bore and produced exceptlonally smooth bore
surfaces. Steps In construction of pre-split trap nests are
I1lustrated In Flgure 1. Completed trap nests were bound together
Into bundles of nine (3 x 3), twelve (3 x 4), or twenty (4 x 5) trap
nests. Cotton cord, rubber bands and plastic strapping were used to
secure indlvidual trap nests in bundles. Fye’s (1965a) design for a
bundle carrier was used to place bundles In the fleld and fence
staples were used to attach bundles to the trunks of trees In the
study area. A typlcal trap nest bundle s lllustrated In Flgure 2.

An Individual tree with attached trap nest bundles Is called a

atatlon.
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===

Flgure 2. A 3 x 3 bundle of trap nests ready for distribution into
the field.
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Trap nest stations were established in a mixed hardwood forest
edge between a small red pine plantation and an old field. The long
axis of the edge runs from north-west to south-east. Bundles of trap
nests were positioned so that bore openings faced north-west,
north-east, south-east, and south-west. Trap nests were arranged In
bundles (Figure 3) with bore openings of adjacent trap nests facing
opposite directions, presenting either regular or randomized patterns

of drilled and blank trap nest faces.
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Figure 3. Distribution of bore openings in 3 x 3 and 4 x S
trap nest bundles i|lustrating opposite ends of
representative bundies.
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The distribution of bore sizes in trap nest bundies varied
considerably from year to year. Bundles for 1984 contained nine trap
nest of a single bore dlameter. Dlameters were 3.2, 4.0, and 4.8 mm.
A 1985 bundle consisted of twenty trap nests with two trap nests each
of bore diameters 1.6 - 6.8 mm (0.8mm Increments). Bundles for the
1986 season were 3 x 4 units of three bore diamter classes (1.6, 2.0,
and 2.4mm; 2.8, 3.2, and 3.6 mm, and 4.0, 4.4 and 4.8 mm) and two bore
depth classes (60 and 120mm). Bundles for 1987 were 3 x 4 units
consisting of trap nests with bore diameters of 2.4 to 7.2 mm with 0.8
mm Increments. The number of trap nests set out for trap-nesting
studies from 1984 through 1987 was 4877.

Several techniques were used to rear adult materlial: (1) trap
nests were placed Individually into 200 ml polycarbonate rearing tubes
and stored in an unheated garage over winter, (2) pre-pupae were
removed from their cells and transfered to 2 or 4 dram vials llned
with lens paper and (a) stored over winter In an unheated garage or
(b) stored in a refrigerator at 3.5 degrees C for 60 to 90 days.

To gather data on aphid provisions, trap nests were removed from
the fleld within one to two days of closure and were replaced with
trap nests of similar bore diameter. Closed trap nests were opened
and data taken on number of cells, cell types, cell lengths, and cell
provisions. The contents of each cell were removed, aphids counted
and the food stores with the wasp egg or larva were transferred to a
rearing vial. Two aphids from each provisioned cell were removed for
identification. Wasp prepupae were placed In a cold box at 3.5
degrees Centigrade for 90 days. These materials were removed to

ambient lab conditlions for rearing of adults.
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The study area ls a mixed forest edge between a pine plantation
and an old pasture on the most northern portion of Concordia’s campus.
The area is bordered on the east by highway U.S. 23 and on the west by
faculty housing. The plant cover of the study area is given In Table
1. An intermittent stream lles within the edge and an old fence row
roughly parallels the northern side of the stream. The edge faces
south-southwest and receives maximum sunlight iIn mid-afternoon. Trees
in the area have reached maturity and some are senescent. The
plantation consists of red pine with white plne scattered at the edge.
The edge consists primarily of walnut and ash, with other hardwoods
represented occasionally. A variety of shrubs and herbs are also
present.

Malaise trap collections during the summers of 1982-1983
confirmed the presence of Passaloecus on the campus of Concordlia
College, Ann Arbor, Michigan. Prelliminary studies were conducted at
this time to identify an area for intensive Passaloecus studies and to
develop acceptable trap-nesting material. Pine trap nests with bore
dlameters of 3.2, 4.8, 6.4, 8.0, and 9.6 mm were placed In three areas
during the summer of 1982, but no Passaloecus were reared out. The
variety of nesting materials was expanded for summer 1983 and Included
pine trap nests, Fraxinus stems, cuttings of Rhus, and Rubus;: and
plastic straws. Flve areas were surveyed and presumed Passaloecus
activity was noted in each one. Three areas showed minimal actlvity

(1, 1, and 4 Passaloecus trap nests respectively); a fourth had 12
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Pagssaloecus trap nests and a fifth (area II) produced 27 Passaloecus
trap nests. Due to these results area II was selected as the location
for more intensive studies of Passaloecus trap-nesting biology.

Trap nests were placed In the fleld In late May and early June.
Observations of Passaloecus activity were made throughout the summer.
For the 1984-1986 seasons trap nests were removed from the field
following the cessation of provisioning actlvities. Trap nests were
opened and data were gathered on nest architecture Iincluding cell
types, number of cells and cell dimensions. Materials were reared
whenever possible. For the 1987 season trap nests were removed upon
closure and data were taken on nest archltecture and aphid provisions.
Food stores and wasp eggs or larvae were transferred to small glass
vials and adults were reared the following spring. Species
identifications were based upon reared materials or unique features of

a wasp’s trap-nesting bliology.
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Table 1.

Plant cover of trap-nesting study area.

Juglans nigra L.  Sallx sp.
viraipana L Thuia occidentalis L

Plnus resinosa Alton Tsuga canadensis L.
Plnus strobis L. Ulmus americana L.
Plnus gylvestris L Ulmus cubra Muhl

Shrubs
cornus spp. Rlbes sp.
Blacagnus augustijolia L Rosa spp.
Lonicera Rubus spp.
Potentilla Viburnum sp.
Rhamnus Viburnum trllobum Marsh
Rhus radicans L. Vitis spp.

Herbs
Achillea millifollum L. Plantago sp.

(L.) *

bursa-pastoris
Clrsium sp.
Gallum apacine L Rumex crispis L
Hleracium sp. Sanauinaria canadensis L.
Smilacina sp.
Impatiens sp Solanum sp.
Medicago lupullina L Solidago spp
Oxalis sp Stellaria sp.
Taraxicum officinale L.

Ehlmnnnnaln'
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RESULTS AND DISCUSSION

Bore Dliameter Preferences Among Sympatric Passalogecus spp.

Fye (1965b), Krombeln (1967), and Vincent (1978) reported on a
number of Passaloecus spp. and gave data on bore diameters selected.
Vincent (1978) noted P. annulatus (Say) reared from a 1.5 mm bore trap
nest and P. areolatus Vincent from two 1.5 mm bore trap nests. All
of these authors reported trap nest bores used by P. cuspidatus and
their pooled data are summarized as follows: 20 trap nests - 3.2 mm
bore; 83 trap nests - 4.0 mm bore; and 3 trap nests - 6.4 mm bore.
Fye (1965b) reported that P. monllicornls preferred 6.4 mm bores and
Krombein (1967) noted P. monilicornjs from four 3.2 mm borings, and
two 4.8 mm borings.

It |Is questionable whether these reports are truly indicative of
bore diameter preferences of Passaloecus spp. or represent artifacts
due to the bore diameters selected by the investigators. Bore
dlameters most commonly made avallable by these authors were 4.8 mm or
greater, with Increments of 1.6 mm. Fye used 6.4 and 8.0 mm
drilliings; Krombein also used these sizes and included a few 3.2 mm
bores. Ratios or actual frequencies were not reported. Vincent is
the only author to report use of bores as small as 1.5 mm.
Passaloecus are small wasps (4 - 9 mm long) and bore dlameters used in
general trap-nesting survey studies may be Inappropriate for studles

17
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focused on this genus, because bore sizes have been too large to be
used effectively by the majority of these small wasps.

Bore diameter preferences among Passaloecus spp. were
Investigated from 1984 through 1987. In 1984, 432 trap nests with
bore diameters of 3.2, 4.0, and 4.8 mm were avallable. Dliameters were
represented with equal frequencies - 144 trap nests of each bore
diameter. Trap nests were bundied Into 3 x 3 units and distributed at
16 stations, 3 bundles per station. The following frequencles of trap
nest use by Passaloecus cuspidatus were confirmed with reared
materials: 3.2 mm bore - 19 nests; 4.0 mm bore - 9 nests; 4.8 mm bore
- 13 nests. An additional 153 trap nests were distributed at a
supplemental site about 100 yards distant from the primary study area.
Bore dlameters were 3.2, 4.0, 4.8, 6.4, and 8.0 mm. Passaloecus
cuspidatus was confirmed in 13 of these trap nests: 3.2 mm bore - 4
nests, 4.0 mm bore - 3 nests, 4.8 mm bore - 5 nests, and 6.4 mm bore -
1 nest.

Since all avallable bore sizes were used In the 1984 study, the
number of bore sizes for 1985 was Increased and ranged from 1.6 to 8.8
mm with increments of 0.8 mm. One hundred twenty-eight trap nests of
each bore size were used. Two trap nests from each of these 10 bore
classes were bound together producing bundles of 20 trap nests each.
Sixty-four bundles were distributed, 4 at each of 16 statlons.

Passaloecus spp. were confirmed In trap nests with bore diameters
ranging from 1.6 to 4.8 mm in the following frequencies: P. annulatus
(Say), 1.6 mm bore - 2, 2.4 mm bore - 3; P. cuspidatus Smith, 3.2 mm
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bore - 2, 4.0 mm bore - 2, 4.8 mm bore - 3; P. monilicornls Dahlbom,
1.6 mm bore - 1, 2.4 mm bore - 5; and P. singularis Dahlbom, 2.4 mm
bore - 1.

These data suggested that Passaloecus spp. partition nesting
sites on the basis of bore diameter and that preferred bore diameters
were less than 6.4 mm. To Iincrease the frequency of acceptable
nesting material and bore categories, the maximum bore diameter used
in 1986 was 4.8 mm. Nine bore dlameters were used, ranging from 1.6
mn to 4.8 mm with 0.4 mm Increments. One hundred twenty-eight coated,
pre-split trap nests of each bore diameter were prepared and assembled
into 96 3 x 3 bundles. Bundles were of 3 classes: class [, 1.6 - 2.4
mm bores; class II, 2.8 - 3.6 mm bores; and class III, 4.0 - 4.8 mm
bores. Each bore diameter was represented 3 times In thelr respective
bundlies. Bundles were distributed to 24 statlons, 4 per statlion.

One hundred forty-seven trap nests were provisioned by
Passaloecus spp. and species confirmations were made for 104 trap
nests by reared materials or trap nest biology. Four specles of
Passalgecus were reared: P. annuiatus (Say), 6 trap nests - 8 males
and 3 females; P. areolatus Vincent, 47 trap nests - 17 males and 42
females; P. cuspidatus Smith, 33 trap nests - 58 males and 13 females;
and P. monilicornis Dahibom, 18 trap nests - 17 males and 22 females.
Forty-five trap nests, presumed to contain Passaloecus, suffered cell
fallure or rearing losses and no adults were reared. These trap nests

were initlally classifled as provisioned by unknown Passaloecus spp.
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However, subsequent examination of trap nest closure materials were
used to ldentify thirteen unknown trap nests as being provisioned by
P. areolatus Vincent.

Table 2 summarizes data for 1984-1986 on frequency of bore
dlameter availabilty and selectlon as nesting sites by five
Passaloecus spp. The Kruskal-Wallls test for differences in ranks of
trap nest bore selection by four of these speclies (P. annulatus, B.
areolatus, P. cuspidatus, and P. monlllicornis) is very significant (H
= 120.9749, df = 3, p <<.0005). The chi-square (I) test for
differences of bore diameter selection by P. cuspidatus (based upon
three bore dlameter classes: 2.0 - 2.8, 3.2 - 4.0, and 4.4 - 6.4 mm)
is very significant (X2 = 15.2583, df = 2, p <.0005) The t(II) test
for differences of bore diameter preferences between P. cuspidatus and
P. monilicornis is also very significant (t = 7.4316, df = 116, p
<<.0005).
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Table 2.

Bore diameter selections for five Passaloecus spp., 1984-1966.

Bore diameters (mm)

1.6 20 2.4 2.8 3.2 3.6 4.0 4.4 48 56 6.4
Bore diameter frequencies

26 128 256 128 430 128 40 128 430 128 158




Pa
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In 1987 the focus of these studies was narrowed to P. cuspidatuys.
Paraffin coated, pre-split trap nests of seven bore diameters (2.4 -
7.2 mm, with 0.8 mm increments) were used. The frequencies of bore
sizes made avallable as potential neétlng sites were as follows: 2.4
m - 211; 3.2 mm - 307; 4.0 mm - 307; 4.8 mm - 307; 5.6 mm - 211; 6.4
mm - 211 and 7.2 mm - 211. P. cuspidatus used bores in the following
frequencies: 2.4 mm - 9; 3.2 mm - 37; 4.0 mm - 28; 4.8 mm - 8; 5.6
-1, and 6.4 mm - 1.

B. cuspidatys trap nest selection data from 1984-1987 were pooled
for analysis and are given In Table 3. Due to Insufficlent data In a
few bore dlameter classes, bore diameter selection data were
recombined Into five classes. The expected frequencies of trap nest
selection were based upon relative frequencies of trap nests In each
bore class and the expectancy that the ratlio of trap nest use would be
equal In all classes. The expected frequencies of trap nest use in
respective bore classes were: 27.17, 39.50, 39.50, 39.50, and 32.33.
The observed frequencies of selection In these respective bore
dlameter classes were 14, 75, 54, 32, and 3. Expected and observed
frequencies of bore selection are significantly different (Figure 4,
X2 = 71.6456, df = 4, p <<.0005) Indicating that P. cuspidatus prefers

trap nests with bore diameters from 2.0 - 4.8 mm.
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Table 3.

P. cuspidatus bore diameter selections, 1984-1987.

Bore diameter Diameter Selection

class (m) frequency frequency
2.0 - 2.4 595 14
2.8 - 3.2 865 ™
3.6 - 4.0 865 4
4.4 - 4.8 865 32
5.6 - 6.4 708 3




Passaloecus cuspidatus
Bore Selection Frequencies, 1984-1387

U4 232 ML LHB SEed
Bore Diameter Classes (mm)
T Expected Frequency {8 Observed Frequency

. Expected and observed frequencies of bore diameter
selection by Passaloecus cuspidatus, 1984-1987.
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A possible factor influencing bore diameter selections among
Bassaloecus spp. is wasp size. A relatively simple index to wasp size
Is head width. Head width measurements, to the nearest 0.1 mm, were
taken from samples of ten females of P. cuspldatus, P. monillicornls,
and P. areolatus. The respective mean head widths for these samples
were 1.46, 1.19, and 1.0 mm. Passaloecus spp. partition nesting sites
on the basis of bore diameter and the size of the wasp may |limit the
minimum acceptable bore diameter. An additlonal factor In thls regard
may be the size of aphids selected as prey. Aphids are usually
carried in the mandibles with the prey’s body lying below the wasp’s
head. Under these circumstances the dorsal-ventral dimension of the
wasp’s head plus an aphid will be greater than head width and will

certainly Influence acceptable bore diameters.



Trap Nest Height Selection in Passaloecus spp.

Trap nests were distributed at several heights to determine those
acceptable to Passaloecus spp. and to determine if height was a
significant factor in the partitioning of nesting sites. Trap nest
bundles were distributed at heights of 0.5 to 9.0 meters. Intervails
below 2.0 m were 0.25 m. One meter Iintervals were used at helghts
above 2 m. Passaloecus spp. used trap nests at all avalilable helghts.
Pooled data for 1984-1987 are glven in Table 4. The frequency of trap
nests used by four Passaloecus spp. at various heights is given along
with the number of trap nests of acceptable bore diameters distributed
at those helghts.

P. annulatus and P. monilicornis were restricted to heights below
3 meters. P. areglatus and P. cuspidatus used trap nests from a wide

range of heights, 1 - 9 m and 0.5 - 7 m respectively. However, these
data do not indicate upper limits of heights that might be used by
these two species. The data are particularly interesting in the case
of P. areolatus and P. cuspidatus, the first preferring heights above
three meters and the second heights below three meters. Chi-square
(I) was used to test for differences In height distribution of trap
nests selected by P. cusplidatus and P. areolatus. Data were pooled
Iinto three height classes for each species and expected frequencies of
trap nest selection were based upon frequencies of acceptable bore
diameters. For P. cuspidatus height classes were 0.5 - 1.0, 1.25 -
1.75, and 2.00 - 9.00 m; observed frequencies of trap nest selectlon
26
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for these height classes were 63, 84, and 17; and respective expected
frequencies of trap nest selection were 71.70, 63.23 and 29.06. The
chi-square (I) statistic for these data |s significant (X2 = 12.8819,
df = 2, p < .005). For P. areolatus height classes were 0.5 - 3, 4 -
6, and 7 - 9 meters; observed frequencies of trap nest selection were
22, 12, and 15; and respective expected fregquencles of trap nest
selection were 43.49, 2.75, and 2.75. The chi-square (I) statistic
for these data Is very significant (X2 = 96.1107, df = 2, p <<.0005).
These results have implications for future trap-nesting studies,
supporting the notion that height should be considered in distribution
of nesting materlals, and suggest that height may be a factor In

partitioning nesting material.
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Table 4.

Trap nest heights and frequency of use by four Passaloecus sep.,
1984-1987.

Total 8§ of trap nests used (# offered)* to Passaloecus spp.

$ of

Heights trap
(m) nests annulatus areolatus cuspidatus monilicornis

9.00 48 0 (48) 15 (48) 0 (48)
8.00 48 0 (48) 0 (48)
7.00 48 3 (48)
6.00 48 0 (48) 12 (48) 0 (48)
5.00 48 0 (48) 0 (48)
4.00 48 2 (48)
3.00 48 0 (48) 13 (48) 0 (48)
2.00 764 1 (160D S (160) 12 (604) 4 (372)
1.7 586 0 (70) 34 (516) 0 (204)
1.50 860 4 (160) 1 (160> 9 (700> S (372)
1.26 586 41 (516) 0 (204)
1.00 908 4 (160) 3 (160> 17 (748) 9 (372)
0.7 586 25 (516) 0 (204)
0.50 860 2 (160) 0 (160> 21 (700) 5 (372)

# Numbers In parentheses indicate the number of trap nests at given
heights that are of acceptable bore diameter for a species.



Parasites of Passaloecus spp.

Parasites of Passaloecus cuspidatus have been reported by Krombein
(1967) and Vincent (1978) and Included the chrysidids QOmalus aeneus
(Fabriclius), QOmalus pupuratus (Provancher), and Ichneumons Poemenia
americana americana (Cresson), and Poemenia thoracica (Cresson). Of
nine hundred twenty-eight Passaloecus spp. cells provisioned, 88 were
parasitized and 70 parasites were reared. Parasites Included Omalus
aeneus (Fabricius), Q. iridescens (Norton), Irichrysis doriae Gribodo,
and Poemenia albipes (Cresson) and P. thoracica (Cresson).

Table 5 summarizes data on QOmalus aeneus parasitism of P.
cuspidatus for 1984. Of 25 trap-nesting stations, 21 were used by P.
cuspidatus and 14 had trap nests parasitized by Q. aeneus. Q. aeneus
parasitized 35.19% (19 of 54) of all P. cuspidatus trap nests and
17.06% (29 of 170) of all P. cuspidatus cells. Stations with high
frequencies of Passaloecus actlvity (3 or more trap nests per station)
showed a wide range of parasite activity. Station 3 produced four
Passaloecys nests with 21 cells and no cells were parasitized.
Station 11 produced 3 nests and 6 cells, with 100% nest parasitism and
66.66% of the cells parasitized. Station 8A generated S P. cuspidatus
nests with 26 cells. Three of these nests and 9 cells were

parasitized.



Table 5.

Distribution of Omalus aeneus (Fabriclus) among
Passaloecus cuspidatus trap nest statlions, 1984.

Parasitlized

Statlon trap nests cells nests cells
1 4 19 1 2
2 2 5 0 0
3 4 21 0 0
4 0 0 0 0
S 1 2 0 0
6 2 4 1 1
7 4 9 2 2
8 3 S 1 1
9 3 9 1 2
10 3 10 1 1
11 3 6 3 4
12 4 13 1 1
13 2 5 1 1
14 1 2 1 1
15 4 14 1 1
16 1 2 0 0
1A 2 3 1 |
2A 0 0 0 0
3A 0 0 0 0
4A 2 10 0 0
SA 1 1 0 0
6A 2 3 1 2
7A 1 1 0 0
8A ) 26 3 9
9A 0 0 0 0
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Data from 1984 were also examined for bore dlameter preferences
of 0. aepeus and are summarized in Table 6. These data show no
significant difference in frequency of parasitism based upon bore

diameter differences.

Table 6.

Parasitism of Passaloecus cuspidatus trap nests and cells
by Omalus aeneus (Fabriclus) by Bore Dliameter, 1984.

Bore diameter (mm)

3.2 4.0 4.8 6.4

Number of

. 23 12 18 1
rap nests
Number of

. 78 29 52 10
cells
% trap nests 26.09 33.33 27.78 100.0
parasitized
% cells parasitized 12.82 17.24 44.44 20.0

In 1985, two of 25 Passaloecus nests produced parasites: one
Omalus iridescens from a trap nest of P. annulatus and two Irichrysis
dorjae Gribodo from a single P. cuspidatus trap nest.

Table 7 glves data on the distribution of parasitism among
Passaloecus trap nests for the 1986 season. Twenty-four of 28
stations produced Passaloecus nests and 11 statlons had parasitized
nests. QOmajus aeneus was reared from two P. annulatus nests, four P.
areolatys nests, two P. cuspidatus nests, and one nest of P.
monilicornis. Poemenia albipes (Cresson) was reared from six P.
areolatus nests, six P. cuspidatus nests, and one nest of P.
monilicornis.
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Table 7.
cells

nests

Distribution of Qmalus aeneus and Poemenia among Passaloecus

trap nests, 1986.

Station
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Data from 1986 were also examined for the height distribution of
nests parasitized by Omalus aeneus and Poememia albipes. 0. aeneus
parasitized nests at heights of 1 to 7 m, while P. albipes parasitized
nests at heights of 0.5 to 9 m.

The distribution of Passaloecus parasites according to statlon
for 1987 may be noted in Table 8. Twenty-two of 49 stations were used
as nesting sites by P. cuspidatus. Nests at six stations were
parasitized by QOmalus aeneus and one station produced Poemenia
thoracica. Of special note are stations 36, and 47 through 49.
Station 36, established on May 30, produced seventeen P. cuspidatus
trap nests and sixty-five provisioned cells. As of June 15 four nests
were parasitized. On July 1 three additional stations (47 - 49) were
establ ished nearby, each within S meters of station 36. These
stations generated an additional 17 P. cusplidatus nests, and 59
provisioned cells, but none were parasitized. Trap nests at all of
these stations were distributed at the same helghts and with simllar
orientations. At station 36, P. cuspidatus used eight trap nests at a
height of 1.75 m, another eight at 1.25 m, and one at .75 m. Among
stations 47 - 49 P. cuspidatus used seven trap nests at a height of

1.7S m and ten trap nests at 1.25 m.
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It Is questlionable whether the unevenness of 0. aeneus
distribution at Pasmaloecus stations is due to host switching behavior
or to seasonal changes In host avallabllity. Data from 1984 studles
show that Q. aepeus parasitized P. cuspidatus nests as early as June
12 and as late as July 24. These data suggest that 0. aeneus could
prey on P. cuspidatus as long as it Is active and that the searching
behavior of Q. aeneus is llmited to an area where host activity Is
first observed. However, other site factors may Influence the

actlvity of this parasitoid.



Table 8.

Distribution of Parasitism among Passaloecus cuspldatus
trap nests, 1987.

Station trap nests cells parasitolds
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Provisioned Trap Nest Archltecture

A general discussion of provisioned trap nest architecture, as
I1lustrated in Figure 5, follows. The innermost portion of a trap nest
Is sometimes left empty and walled off by a preliminary plug. This
portion of a nest is called the basal cell. Provisioned cells consist
of a food-stores space and partition materials. The length of the
food-stores space and thickness of the partition comprise the length
of the cell. Infrequently, empty (jntercalary) cells are found
between provisioned cells. The outermost portion of the nest |s
usually empty and closed by a partition at the nest opening. This
final cell is the yestibular cell and its partition Is the closure.

Provisioned Cells

Basal Cell \\ Vestlbular Cell
\ 1
- - —

. . . . . B N . .
* b4 -_ - - —————— .
.._———- . PR - . . . — - . .
- , Py . o . o - o
—

. .
o om—
. -
——o
.

Prel iminary Plug /(//// Closure

Resin Partltlions

Figure 5. Nest architecture illustrating basal cell, provisioned
cells, vestibular cell, preliminary plug, resin partitions
and closure.
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Factors Influencing Cell Length and Volume

The raw data for provisioned cell lengths for these three
Passaloecus spp. were quite varied and skewed. This should be
expected since one tail of the possible distribution of provisioned
cell lengths is closed (no cell can have a length shorter than 0.00
ma) and the open end of the distribution is limited by the actual
length of the trap nest bore (60 or 120 mm). P. areolatus provisioned
trap nests of three bore diameters - 1.6, 2.0, and 2.4 mm. Data for
provisioned cells from these three bore diameters are respectively:
number of cells (49, 73, and 30); range of cell lengths (9 to 70, 7.5
to 41, and 7 to 36 mm); median cell lengths (16.25, 13.19, and 13.19);
and mean cell lengths (19.79 + 12.79, 14.33 + 5.31, and 15.57 + 7.27).
B. cuspidatus provisioned trap nests in 10 bore diameters ranging from
2.0 to 6.4 mm. Four bore diameter classes (2.4, 3.2, 4.0, and 4.8 mm)
produced significant numbers of cells. Data for these four bore
diameters are respectively: numbers of cells (40, 210, 180, and 95);
range of cell lengths (8 to 39, 6 to 82, 5 to 101, and S to 116 mm);
medlan cell lengths (12.96, 12.73, 10.03, and 10.23 mm); and mean cell
lengths (14.34 + 5.29, 14.17 + 8.30, 15.09 + 17.00, and 20.58 +

%.&)'
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Examination of ranges and medians for these respective species
and bore diameter classes show median cell lengths much shorter than
cell lengths at mid-points of respective ranges. In normal
distributions we would expect equal proportions of measurements above
and below the mean. However, the percentage of cell lengths shorter
than respective mean cell lengths for P. areolatus were 71.4, 68.5,
and 73.3%. For P. cusplidatus these values were respectively 72.5, 61,
80, and 81.5%.

In each of the above cases mean cell lengths are longer than
medlan cell lengths and variances are exceptionally high. These data
reflect the statistical effects of a small number of provisioned cells
of extraordinary length. These cells were usually found to be, but
not limited to, the last provisioned cell in a trap nest. Frequently
such a nest did not have a vestibular cell, although in a few cases an
extraordinarily long cell was followed by a vestibular cell. To
eliminate the statistical effects of cells of extraordinary length, I
arbitrarily applied a 10% exclusion role in the analysis of cell
length data. For each species, 10% of the pooled cell length values
from the open end of the distributions were excluded In subsequent

analysis.
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Based upon the 10% exluslion rule, P. areolatus cell length data,
respectively for 1.6, 2.6, and 2.4 mm bore dlameter trap nests, are:
number of cells (41, 71, and 25); range of cell lengths (8 to 25.5, 7
to 25, and 7 to 21 mm); median cell lengths (14.17, 13.06, and 12.81
mm); and mean cell lengths (15.13 + 3.81, 13.51 + 3.79, 12.68 + 3.26).
Similarly, data for P. cuspidatus provisioned cells from bore
diameters 2.4, 3.2, 4.0 , and 4.8 mm are respectively: number of cells
(38, 195, 164, and 79); range of cell lengths (8 to 22, 6 to 23, 5 to
23, and S to 23); medlian cell lengths (12.89, 11.93, 9.90, and 9.825
mm), and mean cell lengths (13.43 + 3.19, 12.39 + 3.45, 10.33 + 2.38,
and 9.47 + 2.72 mm).

One way analysis of variance for differences in cell lengths
associated with differences In bore dliameter were signiflcant for P.
areojatuys (F = 3.30337, df = 134, p <.01) and for P. cuspidatus (F =
19.51697, df = 472, p <.001). 1In the case of P. monllicornig, data
were too scanty for the application of normal based statistics, but
the Kruskal-Wallls rank order test for differences In cell length data
was significant (H = 25.7163, df = 4, p <.0005). These results
Indicate that for each of these Passaloecus spp. an Inverse
relationship exists between bore diameter and cell length. A summary

of these analyses are given in Table 9.
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Table 9.

Mean provisioned cell lengths for three Passaloecus spp. from pooled
samples, 1964-1987.

Passaloecus spp. provisioned cell lengths® (mm)

diameter
(mm) areolatus (N) cuspidatus (N) monilicornis (N)

1.6 15.13 ¢ 3.81 4D - -
2.0 13.51 £ 3.9 (M) - 14.17 £ 2.72 (3)
2.4 12.68 £ 3.26 (25) 13.43+3.19 (38) 12.47 % 2.95 (38)

2.8 - - 9.81 + 2.09 (8
3.2 -- 12.50 ¢ 3.59 (19%5) 9.93+1.27 (D
3.6 -~ - 742 .61 (6
4.0 -- 10.47 & 3.11 (164) -
4.8 - 10.07 £ 3.37 (™ -

¥ Ten percent of pooled sample values from skeved end of
distribution were excluded in amalysis.

With the application of the 10% exclusion rule mean values are
clearly more representative cell length measurements and demonstrate
an Inverse relationship between bore diameter and cell lengths.
However, they do not reflect the extreme variation observed In
provisioned cell length and we can only speculate on possible causes
for such varlation. For example, one possible cause could be a
declining prey population. As the prey numbers decrease, additlional
time and energy are expended during provisioning. In this case an

optimal closure or partition construction strategy would be the
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reduction of the time required to move from the trap nest bore opening
to the partition or closure.

closer to the bore opening will produce a cell of disproportionate

41

length and volume.

Results of regression analysis of bore diameter and cell
for three Passalagecus species are given In Table 10.

Indicate that larger bore diameters result In shorter provisioned cell

lengths.

length

Table 10.

Simple linear regression of bore diameters and mean cell lengths for
three Passaloecus spp.

Species

PB. areolatus
P. cuspidatus

Co-efficlent of

Regression 1lline correjation Signiflicance
Y=-3.06X + 19.90 -.98 P= .10
Y= -1.54X + 17.07 -.97 P < .05

P. monllicornis Y = -4.01X + 21.99 -.97 P < .01

A partition or closure established

These analyses
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Danks (197ic) suggested that the availablility of nesting sites
was one of the factors |imiting populations of aculeate Hymenoptera.
If this is true, It should be possible to ldentify strategies used to
optimize available nesting materials. One of these strategies could
be the decrease of cell length as bore dlameter Increases. Fye
(1965b), Krombein (1967) and Vincent (1978) gave bore diameter and
cell length data for P. cuspldatus. Krombein (1967) reported that
fifty-eight provisioned cells from 3.2 mm bore dlameter trap nests had
a mean length of 16.3 mm and a range of 8 - 52 mm. Four cells from
4.8 mm bore diameter were 7, 8, 13, and 126 mm long and one 6.4 mm
bore dlameter trap nest had four cells 6, 7, 7, and 9 mm long
respectively. Fye (1965b) reported a 6.4 mm bore diameter with four
cells, with a mean cell length of 15 mm. Vincent (1978) reported data
from 83 soda straw nests with 4.0 mm bore dlameters. One
hundred-eleven female cells had a mean length of 10.09 + 2.19 and
one hundred-ten male cells had a mean length of 8.82 + 2.16 mm.

Data from Krombeln (1965b)> and Vincent (1978) suggest that
Passaloecus spp. would optimize nesting material by decreasing cell
length as bore diameter Increases. To test whether Passaloecus spp.
would optimize their use of bore volume, trap nests of several bore
diameters were made avallable as nesting sites. Provisioned cell
length data were collected from trap nests provisioned by four
Bassaloecus spp.: annulatus, areolatus, cuspldatus, and monllicornls.
Adequate sample sizes were obtained by pooling data from 1984-1987 for
P. areolatus and P. cuspidatug. Data for P. monilicornls were
sketchy.
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Previous research on Passaloecus makes no reference to cell
volume, and no anaylses ﬁave been done on relationships between number
of prey per cell, cell length, cell volume and bore dlameter. 1f
Passaloecus spp. made maximum use of available bore space we could
expect constant volumes for cells from different bore dlameters. This
hypothesis was evaluated by determining cell volumes from mean cell
lengths and bore diameters for P. areolatus, P. cusoldatus, and P.
monllicornis. The results of these calculations are given In Table
11, and show that mean cell volume Increased along with Increasing

bore diameter for each species considered.

Table i1.

Bore diameters and provisioned cell volumes for three Passaloecus spp.

Passaloecus spp. provisioned cell volumes (m3)

Bore

(mm) areolatus cuspidatus monlilicornis
1.6 30.42 + 7.66 - -

2.0 42.44 + 11.90 - 44.52 + 8.54
2.4 57.36 + 14.77 60.76 + 14.43 56.41 + 13.34
2.8 - - 60.41 + 12.87
3.2 -- 100.53 + 28.87 79.86 + 10.18
3.6 — - 75.53 + 5.54
4.0 -- 131.57 + 39.08 -

4-8 == 1&'22 i 60.98 -
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A related question is whether Increased cell volume is associated
with larger number of provisions. Aphid provisioning data were
analyzed for 3.2 and 4.0 mm bore trap nests provisioned by P.
cuspidatus with Myzus monardae (Davis). Data for cells with
extraordinary length and/or cells in which significant larval feeding
had occurred prior to examination of cell contents were excluded from
this analysis. Data were avallable from 58 cells of 3.2 mm bore and
59 cells from 4.0 mm bores. Ranges and means for number of aphids per
cell, cell lengths, and cell volumes were determined for these
respective bore dlameter classes and are presented iIn Table 12. The
t(lI) test shows no significant difference in the numbers of aphids
provisioned in 3.2 and 4.0 mm bore trap nests. However, differences
Iin cell lengths and volumes were signficant. As bore diameter
Increases, cell lengths decrease and cell volume Iincreases. No data
were collected on actual volumes of aphid provisions but a relatlve
Index to utlillizatlon of avallable space Is cell volume (mm3)/aphid.
The index for 3.2 mm bore trap nests is 2.895 and for 4.0 mm bores,
3.336. 1f an equal mean volume per provisioned aphid is assumed for
these bore dlameters, these indices show a more efficlent use of the
3.2 ma bore. These results agree with the general subjective
observation that the free space above the aphlid provisions was larger

In 4.0 mm bores.
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Table 12.

An analysis of number of aphids [Myzys monardae (Davis)) provisioned per
cell, cell lengths and cell volumes in 3.2 mm bore and 4.0 mm bore trap
nests provisioned by P. cuspidatus, 1987.

t(II) statistic

Bore Range Mean t value df prob

# of aphids 3.2 22 to 66 35.81 + 10.25

per cell 1.3098 115 p >.05
4,0 14 to 74 38.67 + 13.03

Cell 3.2 7to23 12.89 + 3.29

length 4.2796 115 p <.0005

(mm) 4.0 6 to 23 10.27 + 3.28

Cell 3.2 56.30 to 184.98 103.67 + 26.49

volume 3.9331 115 p <.0005

(mmd) 4.0 75.40 to 289.03 129.02 + 41.19
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Scatter plots of numbers of aphids provisioned per cell and cell
volumes for 3.2 and 4.0 mm bore trap nest are given In Figures 6 and
7. Simple llinear regression of cell volumes on number of aphids
provisoned per cell gave the respective regression equations: (Y =
54.88 + 1.36X, r = .53) for 3.2 mm bores and (Y = 86.75 + 1.09X, r =
.35) for 4.0 mm bores. The correlation coefficients for these data
Indicate what cell volume Is weakly related to numbers of aphlds
provisioned. In the case of 3.2 mm bores, 25% of the variance of cell
volume Is accounted for by the variance of numbers of aphid
provisions; iIn 4.0 mm bores only 12.25% of the variance of cell volume
Is accounted for by the variance of the numbers of aphid provisions.
Cell volumes are not closely related to the numbers of aphlds

provisioned.
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In addition to bore dlameters, several other factors could
contribute to varlations in lengths of provisioned cells. VWasp
behavior related to the placement of cell partitions and closures,
could be altered by age, prey avallabillity, proximity of prey, prey
switching, weather conditlons, competition for nesting sites, and the
activity of parasites. To determine whether extraordinary cell
lengths were a result of wasp senescence, cell length data for trap
nests with known closure dates were examined from P. cuspidatus trap
nests of 1984 and 1987. If extraordinary cell lengths were a result
of senescence, such lengths would be noted most frequently In
late-season nests. Provisioned cells of extraordinary length (24 -
116 mm) were found in trap nests provisioned throughout P. cuspidatus
nesting season, and in all but three cases the extraordlnary cell was
the last cell provisioned (Table 13). Senescence can thus be excluded

as a principal factor contributing to increased cell length.



Table 13.

Seasonal distribution of Passaloecus cuspidatus cells of extra-
ordinary length.

Date of Bore Cell length (mm)
closure (mm) 1 2 3 4 5 6 7 8 9
6-18-84 4.0 11 11 94

6-18-84 4.0 15 101

6-20-84 4.8 116%

6-21-84 4.8 8 108

7-09-84 4.0 7 56#

7-16-84 4.8 17 24% 17 56

7-16-84 4.8 14 14 2%

8-07-84 4.8 14 12 78%

6-15-87 4.0 10 10 2%

6-19-87 4.0 13 97%

6-19-87 5.6 7 7 101x

7-03-87 3.2 19 19 12 67*

7-06-87 4.0 7 7 8.5 14 7 ? 7.5 13 46%
7-08-87 4.0 13 10.5 15.5 10 10 67%
7-08-87 3.2 47%

7-08-87 3.2 16 47%

7-08-87 4.8 10 13 7%

7-08-87 3.2 23 25% Six

7-10-87 4.0 12 15 14 S9%

7-10-87 4.0 10 8 8 94 ¥

7-20-87 4.8 9 105%

7-20-87 4.0 10 9 46

7-20-87 4.8 35% 88#%

7-20-87 4.8 12 12 1

7-20-87 4.8 13 13 44n

7-24-87 4.0 23 5%

7-27-87 3.2 12 16 17.5 82«

#: extra-ordinary cell length
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Another possible cause for increased cell length Is the activity
of parasites. ‘
evidence that 0. aepeus activity contributed to
lengths. Eighteen of 53 provisioned trap nests were parsitlzed.
Parasitized trap nests contained a total of 59 cells and 27 of these

were parasitized by Q. aeneus.

Data from P. cuspldatus nests of 1984 were examined for
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trap nests is given in Table 14.

Table 14.

Cell length data from 1984 Pagssaloecus cuspldatus nests parasitized

by Q. aeneus.

Date of Bore Cell length (mm)
closure (m) | 2 3 4 5 6 7 8 9 10
6-14-84 3.2 31% 10 24

6-17-84 3.2 12% 1i 14 12 12 {0 10 11
6-18-84 3.2 1% 208 27% 24

6-30-84 3.2 18 19 13 %

7-16-84 3.2 22% 15

7-24-84 3.2 271 8 1%

6-18-84 4.0 328 6 9%

6-19-84 4.0 258 9

6-21-84 4.0 11 15

6-26-84 4.0 12 {1 9 9 g 8

7-03-84 4.0 8% 10

6-12-84 4.8 7»

? 4.8 10% 10%

6-21-864 4.8 8% 108

6-30-84 4.8 10% 10

7-16-84 4.8 4% 14 T2

7-16-84 4.8 17 24 (7% 56

6-18-84 6.4 o% 6 6% 6 5% 6 6 6 5 21

#: parasitized cell

increased cell

Cell length data for these parasitlzed
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Lengths of provisioned cells from all trap nests of respectlve
bore diameters were as follows: 3.2 mm (6 to 31 mm, n = 79); 4.0 mm (6
to 101 mm, n = 29); 4.8 mm (5 to 116 mm, n = 52); and 6.4 mm (5 to 20
mm, n = 10). Cell length data for eight of 170 cells (approximately
5% of all values) were excluded In the analyses of these data. No
cell lengths were excluded from 3.2 mm bore data, 3 cell lengths (56,
94, and 101 mm) were excluded from 4.0 mm bore data, and S cell
lengths (56, 72, 78, 108, and 116 mm) were excluded from 4.8 mm bore
data. No parasitized cells were noted among excluded cells. In each
trap nest bore class, mean cell lengths were determined for: all
cells, cells from trap nests free of parasites, cells from parasitlized
trap nests, and parasitized cells. These data are summarized in Table

15.
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Table 15.

Cell length data for cells from non-parasitized trap nests and parasitized
trap nests provisioned by P. cuspidatus, 1984.

Mean Provisioned Cell Lengths (mm), Standard Devlatlions,
and Number of Cells In Bach Class

Boce  All Trap Nests Trap Nests Pree  Trap Nests With  Parasitized

(m) in Bore Class of Parasites Parasites Cells Only
X 13.494 12.421 16.00 18.727
3.2 s 5.207 3.911 6.742 6.916
n 57 2 10
X 12,192 12.8 11.8 16.167
4.0 s 6.102 4.8633 6.747 9.263
n 26 10 16 6
X 9.787 8.861 12.818 11.625
48 3 4.110 3.376 4.763 3.638
N 47 36 1 8
X 1.3 - 7.3 5.667
6-4 9 4-&‘ - 40&4 0471
n 10 - | 3

i- mean; 8 = standard deviation; n = number in class.
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Though sample sizes are relatively small these data show that
parasitism of P. cupidatus cells by Q. aeneus results in Increased
cell lengths in trap nests with bore diameters equal to or less than
4.8 mm. The t(II) test for dlfferences In mean cell lengths between
trap nests without parasites and trap nests with parasites was
significant for 3.2 mm trap nests (t = 2.343, df = 77, p <.025) and
for 4.8 mm trap nests (t = 2.5563, df= 45, p <.005). Parasitized
cells from 3.2, 4.0, and 4.8 mm bores had cell lengths which were
respectively 51%, 26%, and 31% longer than cells from non-parasitlzed
trap nests. In a single 6.4 mm bore trap nest parasitism did not

result In increased cell lengths.



Bore Depth and Cell Archltecture

It was noted from trap-nesting studies of 1985 that small bore
trap nests (1.6 mm), with depths of 120 mm, had basal cells of
considerable length (84 to 114 mm). Additlionaly, large bore trap
nests (3.2 - 4.8 mm) occaslonally had long vestibular cells. If
avallability of nesting sites were a limiting factor in provisioning
activity, a wasp should maximize its use of available space In a trap
nest. However, several factors could mitigate against maximization of
bore volume. The dlstance traveled from the trap nest bore opening to
the interior of the trap nest could represent a considerable
expenditure of time and energy during cell provislioning and closure.
If an aphid colony were some distance from the nesting site or If
aphids were in short supply, a strategy that descreased the real time
of provisioning activity would be optimal. To study the response of
Pagsaloecus spp. to decreased bore depth, trap nests for the 1986
season were provided with bore depths of 60 and 120 mm. Data were
collected on lengths of basal cells, provisioned cells, and vestibular

cells; and numbers of cells provisioned.
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Sixty-five Passaloecus spp. trap nests with bore depths of 60 mm
had basal cells with a mean length of 4.05 mm. Sixty-elght

Passaloecus spp. trap nests with bore depths of 120 mm had basal cells
with a mean length of 22.09 mm. The Z - approximation of the
Mann-Whitney U ranks test for these data was very significant (2 =
3.492, p <.0003). Data for basal cell lengths from Passaloecus spp.
trap nests are summarized In Table 16. A decrease In bore depth was
accompanied by a decrease In mean basal cell length. Passaloecus spp.
were clearly sensitive to changes in bore diameter and depth. As bore
diameter decreased, a longer portion of the trap nest bore was unused.
Trap nests with bore dlameters less than 3.2 mm most clearly

demonstrate this phenomenon.

Table 16.

Mean basal cell lengths from eight bore dlameter classes and two bore
depth classes. Pooled data from Passaloecus trap nests, 1986.

Bore depths (mm)

Bore Diameter
dlameters (mm) 60 (N) 120 (N Class means
1.6 12.93 (15) 38.00 (11D 23.54 (26)

2.0 0.00 ¢17) 23.72 (18) 12.20 (35)

2.4 4.60 (15) 30.94 (16) 18.19 (31)

2.8 0.00 (3 17.38 (6) 11.89 (9

3.2 0.00 (6) 7.50 (4) 3.00 <10

3.6 0.00 ¢6) 0.00 «¢6) 0.00 (12)

4.0 0.00 (2) 5.00 (S 3.57 (D

4.4 0.00 (1) 0.00 (2) 0.00 (3

Grand Means 4.05 (65) 22.09 (68) 13.27 (133
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Data for basal cell lengths from trap nests of four Passaloecus
spp. are summarized in Table 17. Lengths of basal cells In 60 mm

bores were shorter for each Passaloecus spp.

Table 17.

Mean basal cell lengths for Passaloecus spp., 1986.

Bore depth (mm)

Passioecus spp. 60 (N) 120 (N)
annulatus 9.17 (3) 48.33 (3)
areojatus 4.38 (21) 23.79 (28)
cuspjidatus 0.00 (14) 6.37 (16)

monilicornis 3.72 9 40.25 (&
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A summary of provisioned cell length data for Passaloecus spp. Is
presented in Table 18. These data show a possible, though
Inconsistent trend of decreasing cell length as bore depth Increases.
The t(II) test for differences In mean cell lengths for P areolatus
was non-significant (t = 1.7885; df = 132; p >.05, <.10). For P.
cuspidatus differences in mean cell length for cells from 60 and 120
mm bores was very significant (t = 3.2564, df = 95, p <.001).

Table 18.

Mean lengths of provisioned cells of Pagsaloecus spp., 1986.

Mean provisioned cell lengths* (mm)

Bore depths (mm)

All t’nests 60 120
Passaloecus Mean (N) Mean (N) Mean (N
i,
annulatus 10.8 (20) 11.10 10 10.50 (10D
aceolatus 14.01 (134 13.45 (56) 14.50 (78
cuspidatus 10.13  (96) 9.06 (36) 10.70 (61D
monilicornis 11.72 (459 11.76 (21) 10.40 (24

® The effects of occasional extraordinary cell lengths have been
compensated for by a standard deletlon of 10% of cell length values
from the skewed end of the data for each species.




59

Pooled data of vestibular cell lengths from Passaloecus spp. trap
nests for 1986 showed differences In vestlbular cell lengths were most
pronounced In bore diameter classes less than 3.2 mm. The Z -
approximation of the Mann-Whitney U ranks test for differences In
lengths of vestibular cells between 60 and 120 mm bores was
significant (Z = 1.8826, p <.03). Vestibular cell lengths were
Influenced by bore depth, with vestibular cell lengths shorter in 60
mm bores In six of eight bore dlameter classes. In 60 mm bores with
dlameters of 1.6, 2.0, and 2.4 mm, vestibular cells were respectively
51.57, 42,33, and 46.42 X shorter than vestibular cells In respectlve
120 mm bores. The mean vestibular cell length for all 60 mm bores was
21.38 mn and for 120 mm bores, 34.23 mm. Vestlbular cell lengths In
60 mm bores were 37.54 % shorter than vestibular cells In 120 mm
bores. Mean vestibular cell lengths for four Passaloecus spp. are
given in Table {9. With the exception of P. monllicornis, these data
are consistent with results of the analyses of the pooled data, with

vestibular cells shorter in 60 mm bores.

Table 19.

Mean vestibular cell lengths for Passaloecus spp., 1986.

Bore depths (mm)

Passaloecus spp. 60 (N 120 4 M
anpnulatus 8.50 (3) 29.67 (3
areojatus 23.48 (21) 38.45 (28)
cusp idatus 37.86 (14) 61.00 (16)

monilicornis 11.67 10.75 (8




Bore Depth and Numbers of Provisioned Cells

In 1986 Pagsaloecus produced 133 trap nests containing 363 cells

(mean = 2.77). Slixty-flve trap nests of 60 mm bore contalned 157

cells (mean = 2.42). Sixty-eight trap nests of 120 mm bore contained

206 cells (mean 3.03). Data from bore diameters of 1.6, 2.0 and 2.4

mm totaled 43 trap nests of 120 mm bore with 124 cells (mean 2.88) and

47 trap nests of 60 mm bore contalned 120 cells (mean 2.55).

Mean numbers of cells provisioned by Passaloecus spp. In trap

nests of two bore depth classes are given In Table 20. For three

Passaloecus spp. the mean number of provisioned cells decreased in 60
mm bore depth trap nests compared to 120 mm bore depth trap nests.

Statistical tests for differences In numbers of provisioned cells per

bore depth class were significant only for P. cuspidatus.
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Table 20.

Mean number of cells per trap nest for Passaloecus spp., 1986.

‘Bore depth (mm)

Passaloecus spp. 60 (N) 120 (N)
annulatus 3.33 (3 3.00 (3
areojatus 2.36 (22) 2.76 (29
cuspldatus 2.62 (13) 3.70 UM
monilicornis 2.78 (9) 3.50 (8)

A 100% increase in bore depth, and presumably potential volume
for nesting, resulted In an average 25.2% Increase in number of
provisioned cells per trap nest. These Increases were respectively by
species: P. areolatys, 16.95%; P. cuspidatus, 48.1%; and P.
monilicornis, 25.9%. These results generally suggest that small bore
trap nests with proportionately shorter bore dlameters are used more
efficiently by these trap-nesting wasps. However, It is also noted
that there was no significant difference In the frequency of trap nest

selection based upon these bore depths.



Bore Opening Orlientation and Frequency of Trap Nest Use

A possible concern in studles of trap-nesting bees and wasps |s

whether the orientation of trap nest bore openings Iinfluence the

frequency of trap nest selection as a nesting site. The effect of

bore orientation among trap nests distributed In a forest edge was

tested by comparing orlientation frequencies with trap nest selection

frequencies. Trap-nesting materlials from 1984 and 1986 provided data

for this study. Trap-nesting stations were established within a mixed

hardwoods edge between a red plne plantation and an old field. Bore

openings had four orientations: south-west, facing the old fleld;

north-east, facing the pine woods; and north-west and south-east with

bores parallel to the long axis of the forest edge. Use of trap nests

with north-west and south-east orientations were pooled Into a edge
class since field notes on those orientations were confused

Table 21 summarizes the results of this study. The chl-square
(I) test for differences from expected frequencies of trap nest

selection shows no signiflcant dlfference between south-west and
Chi-square was also non-significant when

north-east orlentation.
These data

south-west, north-east and edge orlientations were tested.

suggest that Passaloecus spp. have no preference for bore orientation
among trap nests distributed in a forest edge. However, the influence

of a north-west orientation vs. a south-east orientation needs further

examination.
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Table 21.

Bore opening orientation and frequency of use by Passalgecus
app., 1984 and 1986.

Trap nest Use
Orlentation * Frequency Frequency

1984 old field (S-W) 189 18
* edge (N-W, S-E) 54 3

* pine forest (N-E) 189 i8

1986 old fleld (S-W) 360 28
. edge (N-W, S-E) 432 35

’ pine forest (N-E) 360 22

# All trap nests were placed in a mixed hardwoods edge
between a red pine plantation and an old field.



Bore Diameters and Numbers of Provisioned Cells

As bore diameter Iincreased the avallable volume for provisioned
cells also Increased but large bore trap nests did not generate more

Passaloecus cells. Data from P. cuspidatus trap nests of 1984, 1985,

and 1987 were pooled to examine the effects of bore dlameter on the

number of provisioned cells. One hundred forty-six nests contalined

The number of cells provisioned per trap nest ranged from

496 cells.
Table 22

{1 - 10 with a mode of 2, median of 2.85, and a mean of 3.42.

summarlzes data from bore diameters 2.4 to 6.4 mm. Trap nests with

bores of 3.2 - 4.8 mm accounted for 90.4 X of all P. cuspidatus trap

nests and 68.91% of all P. cupsidatus cells. While there Is no
significant difference in the mean number of cells produced in 3.2 and

4.8 mm bores there Is a significant difference In the numbers of nests

(X2 = 12.8444, df = 1, p < .0005) and number of cells (X2 = 45.1201,

df =1, p , .0005), produced In these bore classes.
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Table 22.

Prequency of P. cuspidatus trap nests and cells from 120 mm bore
trap nests from 1984, 1985, and 1987.

Trap nest Bore cuspldatus Cells X of X of

bore (mm) frequency nests cells per nest nests cells
2.4 339 9 31 3.44 6.21 6.25
3.2 609 61 196 3.25 42.07 39.92
4.0 609 42 158 3.76 28.97 31.85
4.8 609 28 85 3.04 19.31 17.14
5.6 339 2 4 2.00 1.38 0.80
6.4 369 3 11 4.67 2.07 2.82




Influence of Station Specles on Frequency of Trap Nest Use

Station species have received 1ittle attention In previous
research reported on trap-nesting Passaloecus spp. Several factors
could contribute to the significance of station selection In
trap-nesting studies. These Include the avallablity of approprlate
nesting cavitles, presence of aphids, and closure materials. In 1984,
all trap-nesting statlions were Juglans, and P. cuspidatus was the only
Passaloecys observed and reared. For 1986, nineteen of twenty-eight
stations were Juglans and another nine stations Included S Fraxinus, 1
Prunus, 2 Pooulug, and 1 Fagus. Thirty trap nests were provisioned by
PR. cuspidatus; eighteen by P. monllicornis; six by P. annulatus, and
fifty-one by P. areolatus. Chl-square (I) was used to test for
differences in Passaloecus selection of nesting statlions between
Jualans and other species. The expected frequencles were based upon
station-speclies frequencies: Juglans (67.86%) and others (32.14%).
Observed and expected frequencies of trap nest use are given in Table
23. The chi-square (I) statistic Is very signiflcant (X2 = 23.6592,
df = 2, p <.0005), and indicates that the differences in distribution
of Passaloecus among these stations are not random and P. areolatus
data made the strongest contribution to the chi-square statistic.



Table 23.

Statlon selection by three Passaloecus spp., 1986.

Juglans QOthers
Observed Expected Observed Expected

cusplidatus 18 20.358 12 9.642
monlillicornis 16 12.2148 2 5.7852
areolatus 49 34.6086 2 12.6354

Data from a secondary site, consisting of stations 25 through
28, were particulary interesting relative to station selection. At
these four stations (three Juglans and one Fagus) trap nest bundles
were distributed at heights of 1 to 9 meters, with 1 meter intervals.
One hundred eight trap nests were placed at each statlion, a bundle of
12 at each height. The frequencies of trap nest use at these four
stations and 9 heights are summarized In Table 24. Of 432 trap nests,
259 wvere used by trap-nesting wasps and bees. The respective
frequencies of use at these stations were 75, 71, 52, and 61. There
was no signficant difference in the frequency of trap nest use among
these stations. However, the chl-square (I) test for differences in
frequency of use by Passaloecus was very significant (X2 = 30.03225,
df = 3, p <K.001). Fifty-filve trap nests were presumed to be
provisioned by Passaloecus spp. based upon closure materlals, aphid

remains, and prepupae. P. areojatus was found ln 40 trap nests
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collectively from heights of 3, 6, and 9 m and used bore diameters of
1.6, 2.0 and 2.4 mm. P. cuspidatus was found In 5 trap nests
collectively from heights of 4 and 7 m and bore dlameters of 4.0 and
4.4 mm. While 61 trap nests were used at the Fagus station by
trap-nesting wasps and bees, no trap nests at this station were used
by Passaloecus. Competition is not a llkely explanation of the
exclusion of Passaloecus from the Fagus station since the arrays of
trap nest users other than Passaloecus spp. among these stations were
simillar. Other factors could account for the absence of Passaloecus
spp. from Fagus. These Include lack of natural nesting cavities and
closure material, such as resin, frass, and loose bark; and an absence
of aphids. These data Iindicate a strong correlation between station
specles and Passaloecus use. P. areolatus prefers Juglans much more
strongly than does P. cuspidatus.
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Table 24.

Frequency of trap nest use at secondary site by all trap-nesting
wasps and bees, and by Passaloecus spp., 1986.

Stations and Prequency of Use

All VWasps and Bees Passaloecus spp.
Helght (m) Juglans Fagus Juglans Fagus

9 9 9 4 4 7 7 1 0
8 11 10 6 9 0 0 0 0
7 S 9 1 8 0 4 0 0
6 9 9 ] 1 7 9 2 0
5 10 8 5 10 0 0 0 0
4 4 5 6 8 0 2 0 0
3 9 7 8 3 3 6 6 0
2 8 7 11 9 0 0 1 0
1 10 7 6 9 0 0 0 0

Totals 75 714 52 61 17 28 10 0
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Selection of trap-nesting stations for the 1987 season was based
upon the relative abundance of tree species at the study site. This
differed significantly from station selection for the Summer 1986,
when Pinug was systematically excluded as a trap-nesting station. The
specles distribution of forty-nine trap-nesting stations for Summer

1987 was Pinus - 14, Juglans - 22, Fraxipus - 8, and others (Ulmus,
Acer, and Populus) - S. The respective frequencles of trap nest use
by P. cuspidatus among these statlions were: Plnus - S5, Juglans - 19,
Fraxinus - S, and others - 4 (Table 25). The chl-square (I) test
statistic is very significant for these data (X2 = 57.9884, df = 3, p

<<.0005). Plnug stations are clearly preferred by P. cuspidatus.

Table 25.

Station species frequency and frequency of tr nest use by
hmlmgﬂmmguua. 1987- quency ap

Station species

Pinus Juglans Fraxinus Others

Station
Frequency 14 (28.57%) 22 (44.90%) 8 (16.33%) 5 (10.20%>

Use
Frequency S5 (66.27%) 19 (22.89%) 5 (6.02%) 4 (4.82%)




Aphid Provisioning by Pagsaloecus cuspidatus

B. cuspidatys was selected for intensive Investigation of
trap-nesting biology during the summer of 1987. P. cuspidatus Is the
largest Pagsaloecus In the study area, its color markings (the ventral
surface of scape, dorsal surface of mandible, and basal portlon of
hind tibia are white) and consistent pattern of ringing nest openings
with resin prior to provisioning, make accurate fleld Identification
possible. Other Passaloecus Including anpulatus, areolatus, and
monlilicornls are smaller and lack distinctive color markings, making
fleld ldentification uncertain.

P. cuspjdatus was presumably active in the study area prior to
site establishment on May 29, 1987. Flve trap nests were ringed with
resin as of June {, 1987. Trap nest provisioning was observed on June
1 (4 trips, 2:39 pm - 3:20 pm); June 3 (7 trips, 12:31 pm - 1:35 pm);
June 18 (16 trips, 10:17 am - 11:43 am); and July S (8 trips, 4:31 pm
to 5:13 pm). Nesting activities continued through the first week of
August with no trap nests ringed or closed with resin after August 6,
1987. Cessation of P. cuspidatus activity was veriflied by
observations on August 8, 14, and 21, 1987, which provided no evidence
of additional activity. The minimum provisioning period for this wasp
population was seventy days. This corresponds well with the range of

fllight dates (June 14 - August 14) for P. cuspldatug materlal from the

"
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Museum of Zoology of the University of Michigan and the Entomology
Museum of Michigan ‘State Unlversity, and 1Is supported by my
observations of P. cuspidatuys activity In 1984 and 1985. In 1984,
provisioning activity was flirst observed between June 4 and 12 and
terminated between August 4 and 13. In 1985, emergence of P.
cuspidatus from a natural nest occurred May 10 and nesting activity
ceased August 20.

The provisioning period of P. cuspidatus for 1987 was divided
Into seven, 10-day Intervals and tallles were made of ringed and
closed trap nests for each Interval and are glven In Flgures 8 and 9.
Increasing numbers of closed trap nests In Intervals three and four
suggest that P. cuspjdatus made a behavioral response to Increased
numbers of prey. The chi-square (I) test for differences In closure
frequency for these Intervals Is significant (X2 = 24.8387, df = 6, p
<.001).



> > >
Ten-day Intervals of Trapnesting Season
PRinged Trap Nests @l Closed Trap Nests

requency of ringed and closed trap nests during 10-day
intervals beginning May 29 and ending August 6, 1987.



mulative Frequency of Ringed and Closed
ap Nests by Passaloecus cuspidatus, 1387,

Ten-day Intervals of Trapnesting Season
ThRinged Trap Nests i Closed Trap Nests
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B. cuspidatus used Clnaria sp., Dactvnotus sp., Euceraphls sp.,
Macrosiphum euphorbjae (Thomas), Myzus sp., Myzus cerasi (Fabricius),
Myzus monardae (Davis), and Sitobjum avenae Fabricius as provislons.
Table 26 summarizes data on six presumed types of aphid provisions.
Multiple t(II) tests for differences in number of aphids provisioned
are significant for Myzus mopardae, Cinaria sp.., and Macrosiphum
euphorbiae, [Myzus monardae and Clparia sp., t(II) = 7.05053, df =
193, p <.001; Clparia sp. and Macrosiphum euphorbiae , t(II) =
3.62055, df = 72, p < .001; and Myzus monardae and Macrosiphum
euphorbjiae, t(II) = 10.7478, df = 197, p < .001). Differences In
number of aphids provisioned can be correlated to relative aphld size,
with Myzus monardae the smallest and Macrosiphum euphorblae the
largest. In some cases larval development in Interlor cells was quite
advanced and much of the provisons were consumed. Thus the mean
number of aphids provisioned per cell Is a minimum, the true mean

being slightly higher for each species of aphid provisioned.

Table 26.

Aphids provisioned by P. cusplidatus, 1987.

Hean
Aphid Number of Number of # of Standard Standard
ype* Trapnests Cells Aphids Deviation Error

| 46 160 37.0375 11.8080 .9335
2 9 35 26.8287 7.6625 1.2952
3 12 39 21.7949 8.2902 1.4882
4 3 8 28.5000 7.7298 4.1748
S 3 8 43.0000 17.5770 2.7329
6 1 6 34.8333 9.0077 3.6774

%1 = : 2 =Clparia . 3=
%%ﬂ sp. andsﬁﬁuﬂ sp.; O = cerasl;
= avenae.
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The range of numbers of aphids provisioned per cell for aphid
species 1 through 6 wefe: 9 - 74, 13 - 51, 9 - 43, 18 - 39, 23 - 74,
and 24 - 47 respectively. The mean number of aphlds provisioned per
trap nest were: species 1 - 128.83; species 2 - 104.33; and species 3
- 70.75. The mean number of cells provisioned by P. cuspidatus for
these three aphid species were: species 1| - 3.48; species 2 - 3.89;
and species 3 - 3.25.

Two trap nests had an extraordinary number of provisions. One
contained 430 aphids (eight cells, 53.75 aphlds per cell) and another
contained 334 aphids (five «cells, 66.80 aphids per cell).
Unfortunately, aphid samples for ldentification were not taken from
these trap nests.

Figure 10 summmarizes data on the seasonal changes in aphid
selection by P. cuspidatus and relative numbers of aphlds
provisioned. P. cuspidatug was not restricted to a particular aphid
species and was able to switch to avallable resources. Peaks In
provisioning rates were assumed to be related to increased aphld
numbers. Flgures 11 and 12 summarize data on aphid provisloning
activities. The provisioning period was divided into fourteen 5-day
Intervals. The number of aphlds provisioned In each Interval were
tallled. Initial provisioning activity was moderate and five trap
nests were ringed with resin within one or two days of trap nest
station establishment. Between May 29 and June 7, Clpara sp.,
Euceraphis sp., Myzus sp., and Sitobion avenae Fabricus were
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used as provisions. From June 8 through July 27, Myzus mopardae
(Davis) was the preferred prey while Macrosiphum euphorbale (Thomas)
and Myzuz cerasi (Fabricius) were provisioned in significant numbers
between June 28 and July 17.

Provisioning rates were quite varied and were estimated on the
basis of number of cells provisioned and dates of bore ringing and
closure. A scatter-gram (Figure 13. A.) summarizes data from 79 trap
nests. Trap nests with estimated provisioning periods of one to three
days contalned from one to ten provisioned cells. Trap nests with
estimated provisioning periods of 6 to 8 days contalned two to elght
provisioned cells. Trap nests with provisioning periods of 10 to 21
days contained one to five provisioned cells. The estimated number of
cells provisioned per day ranged from a low of 0.1 to a high of 5.
Several varlables could influence provisioning rates. Exceptlonally
high provisioning rates could be the result of close proximity of
aphids and closure materials to the nesting station. Aphids and
closure materials somewhat removed from the nesting station could
produce low provisioning rates. An additional possible cause for low
provisioning rates would be a temporary cessation of provisioning
activity. Thls cessation might be necessary to allow the development
of additional ova following a period of provisioning and ovipositlon
activity. Two hundred eighty cells were provisioned during a
cummulative provisioning period of 381 days. The average provisioning
rate per trap nest was .7349 cells per day. Trap nests worked less
than four days had a higher than average provisioning rate and trap
nests worked longer than four days had lower than average provisioning

rates.
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Least squares simple linear regression of average numbers of
cells provisioned and length of the provisioning period per trap nest
produced the regression equation Y = -.20X + 3.99 (Flgure 13. B.) and
a correlation coefficlent of -.59, suggesting a weak negatlve
relationship between length of the provisioning period and number of
cells provisioned. With the deletion of flive extreme data points
(Figure 13.: m, n, o , p, and q), least squares regression produced
the equation Y = .30X + 2.12 (Figure 13. C.) and a correlation
coefficient of .78, Indicating a moderate positive correlation between
the duration of a trap nest provisioning period and the number of

cells provisioned.
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Economics of Cell Partitions and Closures

Resin gathering activity was observed at resin flows on Plnus
atrobis on June 17, 1987. One and one-half Inch fence staples had
been used to secure trap nest bundle carrliers to trunks of trees
selected as trap-nesting stations. Resin flows were produced In
response to fence staple wounds. P. cuspidatus selected resin flows
with dimensions 9 mm by 4 mm. The wasp’s mandibles were used In a
scissors-1lke fashion to excise a drop of resin with a dlameter the
width of the wasp’s head. When separation of a resin drop was nearly
complete, the wasp backed directly away from the resin flow. A thin
strand of resin, connecting the resin drop to the flow, was drawn into
the excised drop by lateral and circular motions of the wasp’s head.
Any remaining remnant of the resin strand was cut off by a contlnued
backward movement combined with an abrubt turning to the left or
right. Twenty-two resin gathering trips were observed between 9:47 am
and 11:42 am. Resin drops were carried on the ventral surface of the
mandibles.

Three separate resin flows were used during these resin gathering
activities. Resin flow (I) was visited repeatedly and the wasp
returned directly to the resin flow, landing within a few centimeters
of the flow and approaching It directly. After a number of resin
gathering trips, the remaining portion of the resin flow was too
small, or of Improper consistency, and was abandoned as a resin

source.
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The Plnus trunk was searched for another appropriate resin flow
and resin gathering reﬁumed. Resin flow (II) was then used repeatedly
as a resin source. After three or four trips to resin flow (II) the
wasp made a trip to resin flow (I), explored the resin mass, and
returned to resin gathering at filow (II). Resin gathering was again
observed June 18 (eight trips, 4:31 pm - 5:13 pm) and July 24 (11
trips between 9:00 am and 10:00 am, with no elapsed time recorded).
Ringing of trap nest bore openings was also observed and the followling
action pattern was noted. P. cuspidatus landed at or within a few
centimeters of the trap nest opening, entered head first, exited and
re-entered gaster first. The wasp then appeared at the nest opening
and with her mandibles spread a thin layer of resin on the face of
trap nest at the margin of the opening.

Krombein (1967) noted that resin partitions were usually .25 and
occasionally 4.0 mm thick, while closures, ranging from .25 to 4.0 mm,
were usually 1.0 mm thick. Vincent (1978) noted that 4 drops of resin
were used for nest closures. Data from my studies of 1987 were
examined to determine the varlabllity of partition and closure
dimensions, their volumes, and the energetics of resin gathering. It
was noted during resin gathering described above that an exclsed drop
of resin had a dlameter approximately equal to the width of the wasp’s
head. Glven a diameter of 1.5 mm, a resin drop carrled by P.
cuspidatys has a volume of 1.77 mm3. The thickness of resin
partitions of 295 provisioned cells ranged from 0.1 to 5.0 mm In trap
nests with bore diameters 2.4 to 6.4 mm. Median and modal partlitlon

thicknesses were 0.5 mm; the mean partition thickness was 0.66 mm.



Seventy-one closures had thicknesses ranging from 0.25 to 4.0 with
a mean of 1.69 mm.

Based upon the bore diameters and thicknesses indicated above, the
volume of resin required for partitions and closures ranged from 1.13
m3 to 62.83 mm3. The volumes of resin required for partitions and
closures In bores most frequently used by P. cuspidatus are
respectively: 3.2 mm - 5.31 and 13.59; 4.0 mm - 8.29 and 21.24; and
4.8 mm - 11.94 and 30.58 mm3. Glven a volume of 1.77 mm> per resin
drop, the numbers of resin gathering trips for partitions and
closures for these respective bores are: 3.2 mm - 3 and 7.68 (8); 4.0
mm - 4.68 (5) and 12.0; 4.8 mm - 6.75 (7) and 17.28 (18). These data
are rather conservative since they have not taken into consideration
the foundations for closures or partitions. Foundations, consisting
of a resin ring on the wall of the trap nest bore, have base widths
greater than that of their respective partition or closure. Resin
partitions, closures, and their respective foundations, represent a
significant energy Investment. Resin volumes and bore dlameters
across which resin must be drawn possibly contribute to the upper
limits of the bore dlameters used by P. cuspidatus. The distributlion
of partition and closure thicknesses from P. cuspidatus trap nests are

gliven in Flgure 14.
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SUMMARY AND CONCLUSIONS

Several Passaloecus spp. were found in a small study area on the
campus of Concordla College, Ann Arbor, Michigan. Passaloecus spp.
that used artificlal nesting materlals Iin the area Included: P.
annulatus, P. areolatus, PB. cuspldatus, PB. monllicornls, and P.
sinaularis. P. lineatus and P. turlonum were also collected from the

campus area but were not reared from trap nests at the study site.

Trap nests with bores greater than 4.8 mm were rarely used by
Passaloecus spp. while diameters of 1.6 - 4.8 mm gave good results.
Passaloecys nesting sites were partitioned on the basis of bore
dlameter, height, and station specles. Passaloecus cusplidatus
preferred Pinus stations. This preference s possibly assoclated with
the availability of resin, which was enhanced by the method used to
secure trap nest bundles to trap-nesting stations. P. cuspidatus also
preferred trap nests heights below 3 meters and bore dlameters from
2.0 to 4.8 mm. Passaloecus areolatus preferred Juglans stations, trap
nest heights above 3 meters and bore diameters 1.6 - 2.4 mm. Bore
selection seems to be based upon wasp size while height distribution
could be Iinfluenced by the usual distribution of natural nest sites.
It might be suggested that larger diameter natural nesting sites are
distributed at lower heights and smaller natural nesting slites at
greater heights.

Trap nest architecture, Including the lengths of basal cells and
vestibular cells was influenced by bore dlameters and bore depths. An

87



inverse relationship was found between bore diameter and cell length.
Increased bore dlameters resulted in decreased lengths of provisioned
cells, while activities of parasites were assoclated with Increased
cell lengths. Wasp senescence did not result In Increased lengths of
provisioned cells. Volumes of provisioned cells Increased along with
Increased bore diameter, but numbers of aphids provisioned did not
Increase proportionately with increased volume. Bore volume was not
maximally used for provisioned cells. Basal cell lengths, In trap
nests with bore diameters less than 3.2 mm, were signflicantly reduced
in trap nests of 60 mm bore depths. The number of provisioned cells
per trap nest Iincreased for all Passaloecus spp. as bore depth
Increased, but was not statistically significant. Small bore trap
nests with 60 mm depths were used more efficiently that trap nests
with 120 mm depths.

Passaloecus cuspjdatus were active from late May through early
August, and provisioned at eight species of aphids. The numbers of
aphids provisioned differed significantly among three aphid species
and was inversely related to the size of the aphid. Two hundred
eighty cells were provisioned during 381 provisioning days for a rate
of .7349 cells per day. The numbers of aphids used as provisions
varied dramatically (9 - 74), Vhile small varlations could be
explained on the basis of differences in sizes of aphids, such large
differences are more problematical. Suggested causes of large
variation include sudden weather changes and the disruptive behavior

of parasites.
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Passaloecus spp. were parasitized by QOmalus aeneus, Q.
iridescens, Irichrysis doriae, Poemenia thoracica, and Poemenia
albipes.

These studies add significantly to the literature on the bliology
of Passaloecus. The efficiency of small bores (1.6 - 4.8 mm) and bore
depths of 60 mm |s demonstrated for small trap-nesting specles.
Techniques and methods described iIn this paper can be applied to the
aphid provisioning activity of other Passaloecus. This study also
shows that Passaloecys should be added to the classical 1lst of aphid
predators. Finally, artificial nesting materials were used very
successfully and provided an Inexpensive and blologlically Interesting

technique for the study of aphid hunting wasps.



APPENDICES



90
APPENDIX 1

Record of Deposition of Voucher Specimens*

The specimens listed on the following sheet(s) have been deposited in
the named museum(s) as samples of those species or other taxa which were
used in this research. Voucher recognition labels bearing the Voucher
No. have been attached or included in fluid-preserved specimens.

Voucher No.: 1989-08

Title of thesis or dissertation (or other research projects):

TRAP-NESTING BIOLOGY OF PASSALOECUS CUSPIDATUS SMITH (HYMENEOPTERA:
SPHECIDAE) AND SYMPATRIC SPECIES

Museum(s) where deposited and abbreviations for table on following sheets:
Entomology Museum, Michigan State University (MSU)

Other Museums:

Investigator's Name (s) (typed)
John Morris Fricke

Date October 10, 1989

*Reference: Yoshimoto, C. M. 1978. Voucher Specimens for Entomology in
North America. Bull. Entomol. Soc. Amer. 24:141-42.

Deposit as follows:

Original: Include as Appendix 1 in ribbon copy of thesis or
dissertation.

Copies: Included as Appendix 1 in copies of thesis or dissertation.
Museum(s) files.
Research project files.

This form is available from and the Voucher No. is assigned by the Curator,
Michigan State University Entomology Museum.
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APPENDIX 2

Prellmlinary Surveys and Selection of Study Area

During the summers of 1982 and 1983 malalse trap (Towne’s deslign)
collections were made to survey In general the Hymenoptera of
Concordla College, Ann Arbor, Michigan. The 235 acre campus s the
former Earhart Estate. Pine plantations, mixed hardwoods, old flelds
and meadows provide generous areas for study removed from the central
campus. Table 27 and Table 28 respectlively give the familles of
Hymenoptera and sub-famllies and tribes of the Sphecidae that were
col lected. The Passaloecus collected Included the following: P.
cuspidatus Smith - 3; P. lineatus Vincent - 2; P. singularis Dahlbom -
42; and P. turionum Dahlbom - 4.
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Table 27

Faml1les of Hymenoptera collected at Concordla College,
Ann Arbor, Michlgan, during the Summers of 1982 and 1983
using a malalse trap of Towne’s design.

Pamphil! ldae Euchart i dae Dlapriidae Eumenidae
Argidae Perilamphidae Sclelonidae Pompllldae
Diprionidae Torymidae Chrysididae Sphecidae
Tenthridinlidae Pteromalldae Bethyl idae Colletldae
Sirlicldae Chaicldlidae Drylinlidae Hallctldae
Xliphldrlidae Cynipldae Tiphlildae Andrenlidae
Braconldae Gasteruptiidae Mutlllldae Megachi | 1dae
Ichneumonidae Helorldae Formicldae Anthophoridae
Mymar | dae Proctotrupidae Vespidae Apldae

Eulophidae Ceraphronidae
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Table 28

Sub-famlilles and tribes of the Sphecidae collected at
Concordia College, Ann Arbor, Michigan, during the summers
of 1982 and 1983 using a malaise trap of Towne’s design.

Sphecinae Larrinae Nyssoninae
Sphecinl Larrini Alyssonini
Scelephronin! Trypoxyloninl Nyssonini

Miscophinl Gorytinl

Astatlinae Crabroninae Phllanthlinae

Astatini Crabroninl Philanthinl
Cercerinl

Pemphredoninae
Psenini
Pemphredonini

Concurrent with malalse trap collecting, trap-nesting studles
were conducted between June 30, 1982, and August 26, 1983, to
determine the effectiveness of trap-nesting techniques and the
presence of trap-nesting wasps, especially Passaloecus. Trap nests
were constructed using techniques described by Krombeln (1967). Trap
nest bundles were assembled for fleld distribution using Fye’s methods
(Fye, 1965). For the 1982 season trap nests consisted of clear white
pine blocks (19 X 19 X 152 mm) drilled to a depth of 114 mm. Bore
dlameters were nominally 3.2, 4.8, 6.4, 8.0, and 9.6 mm. Trap nests
were bound together Into 3 X 3 bundles of nine trap nests. Bundles
were attached to 2’ X 2’ wooden stakes, four bundies to a stake.
Three sites were selected and three stakes (4 bundles of 9 trap nests
each) were placed at each site (Figure 15). Site A was a forest edge
adjacent to the campus ponds; Site B was a wooded fence row southwest
of St. Paul Lutheran School; and Site C was an edge between a plne

plantation and an old fleld that faces the Huron River.
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Huron River

Flgure 15. Schematic map of Concordia College, Ann Arbor, Michigan,
Indicating trap-nesting sites for 1982.



107

Three hundred twenty-four plne trap nests were placed In the
fleld. In late Septeﬁber these materials were removed from the fleld
sites. One stake from Site A and another from Site B were lost due to
vandal ism. Between October 4, 1983, and March 18, 1983, the remaining
252 trap nests were opened and 40 contalned overwintering contents.
Larvae and prepupae were removed from sSome trap nests and stored In
alcohol vlals. Others were placed In rearing tubes to rear out
aduits. Adults of the following familles were obtained: Bombyllldae,
Braconidae, Chrysididae, Eumenidae, Ichneumonidae, and Spheclidae
(Sphecinae: Isodontlia; Larrinae: Trypoxyloninl). No Passaloecus were
reared out.

Trap-nesting studles for the 1983 season were expanded in number
of nests, sites, and varlety of nesting materlals. Nesting materlals
Included Rhus twigs, 13 - 25 mm X 150 mm; one-to-two year old Fraxinus
twigs, 150 mm long; plastic straws, 165 mm long with a 3.6 mm bore;
and plne trap nests. Between May 3, 1983, and June 20, 1983, flve
sites were establlished (Flgure 16).

Site 1 was near the central campus. One hundred forty-four pine
trap nests were placed adjacent to a cedar border between the
greenhouse and Manor I. Each of four stations at this site consisted
of four 3 X 3 bundles on wooden stakes. A P. cuspidatugs female was
observed working a trap nest on June 17 and June 22. As of August 26,
106 trap nests showed nesting actlvity: Megachlllds - 12; Passaloecus
- 1; eumenids, Isodontla, Trypoxylonini, Psenulugs and Pompilids - 93.

Site II was located in 100 meters of forest edge, between a red
pine plantation and an old fleld, northeast of Plne Brae faculty

housing. Slxteen bundles of plne trap nests, prepared after a
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technique described by Fye (1965) were placed at this site. Bore
dlameters of trap nests were 3.2 mm and 4.8 mm. P. cuspjdatug Smith
females were observed working three days in June: one on June 20,
three on June 23, and three on June 29. As of August 26, 142 of 144
trap nests were In use: megachlllds - 18; Pagssaloecus - 27; eumenids,
Trypoxyloninl and others undetermined - 91.

Site III was a small clearing adjacent to the Concordia ponds.
Nesting materlials consisted of eight 3 X 3 bundles of pine trap nests
with bores of 3.2 mm and 4.8 mm; and 72 Rhus cuttings 150 mm long. As
of August 26, 1983, 69 pine trap nests were In use: megachllids - 3;
Pagsaloecus - 12; eumenids, Pseninl and Trypoxyloninl - 54. No
nesting activity was found In Rhus or Rubus cuttings.

Site IV was a south-facing slope overlooking the Huron River.
The slope s bordered on the east by a small plne plantation and on
the north by a mixed hardwoods. The slope is an old fleld covered
with grasses and annual weeds. Rhus I|s established along the
plantation edge and saplings of Fraxinus, Juglans and Robinia, along
with mature (Cratageous are scattered over the area. One hundred
forty-four pine trap nests with bore dlameters ranging from 3.2 mm to
8.0 mm were distributed at this site along with thirty-six 150 mm
Rubug cuttings and thirty-six 150 mm Fraxinus twigs. One hundred
elght of 144 pine trap nests were used: megachllids - 11; Passaloecus
- 4; Isodontla - 3; and eumenlds, Pseninl, and Trypoxyloninl - 90.
One Rubug cutting was excavated and eleven Fraxipus twigs had mud

plugs.
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Site V was in a 100 meters of fence row bordering the western edge
of the campus, south of Geddes Road. The plant cover at this site
consisted of Rhus, Robinla, and grasses. Nesting material Included 54
pine trap nests with bore diamters of 3.2 mm to 8.0 mm, 108 Fraxinus
twigs, 27 Rhus twlgs, and 27 plastic straws. As of August 26, 1983,
forty-five plne trap nests were used: megachlllds - 2; Passaloecus -
1; Isodontla - 9; others - 32. Twenty-flve Fraxinus were used and no

activity was observed In Rhus cuttings or plastic straws.
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Huron River

Figure 16. 3chematic map of Concordia College, Ann Arbor, Mlichlgan,
Indicating trap-nesting sites for 1983.
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Table 29 summarizes the frequency of use of various nestling
materials. These studies clearly demonstrate an abundance of
trap-nesting wasps on Concordia’s campus. Artificial nesting
materlals, |. e. trap nests and Fraxinus twigs, were highly effliclent

In attracting trap-nesting wasps. Rhus, Rubugs, and plastic straws

were very lneffectlive.

Table 29

Frequency of Nest Use by Nest Material Type.

Nest Type Number Available Number Used % Used

Pine

trap nests 558 369 66.13
Ewiga 144 36 25.00
Rhus 171 0 0
Rubus 144 0 0
Plastic

straws 27 0 0

All Traps 1044 405 38.79
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Passaloecys was the presumed user of 45 pine trap nests based
upon direct observations of wasps at trap nests, closures consisting
of resin, or resin and impressed aphids. Examination of the contents
of these trap nests and reared wasps conflrmed Pagsaloecus use in 23
trap nests. Elght male and six female Passaloecus cusplidatus Smith,
filve Omalus, and four Ichneumonids were reared. Trap nest use by
Passaloecus was limited to bore dlameters of 3.2 mm and 4.8 mm, and
all Passaloecus trap nests, confirmed on the basls of reared

materials, were from Slte II.



APPENDIX 3

Passaloecus of Michigan (Hymenoptera: Spheclidae)

Introduction

The genus Passaloecus consists of small (4-9 mm) black wasps of
the Pempredoninae that provision their nests with aphids. The genus
Is in the tribe Pemphredonini by virtue of the presence of two
submarginal cells in the forewings and antennal sockets placed near
the fronto-clypeal suture. The presence of three discoidal cells, two
recurrent velns and a relatively small stigmna place Passaloecus in the
sub-tribe Pemphredonina. Passaloecus may be distinguished from other
genera of this sub-tribe by the following characteristics: Inner
margins of compound eyes parallel or weakly converging below; scapal
basin weakly depressed; mandible with two or three weak teeth; labrum
nearly trlangular with a pronounced rounded apex; pronotum with a
strong transverse carlna; episternal sulcus well deflined;
hyposternaulus horizontal and the petiole shorter than broad (Bohart

and Menke, 1976).
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Recent taxonomic studies have Increased the number of recognized
Nearctic species from seven to sixteen. Bohart and Menke (1976) list
seven Nearctic and four Holarctic specles of Passaloecus. Muesebeck,
C.F.W., et. al. (1979) llist eleven Passaloecus In America north of
Mexico. Vincent (1978) recognized thirty-five speclies, sixteen as
North American, of which seven were known to occur In Michigan. He
did not Include P. turionum Dahlbom though a single male has been
reported by Krombein (1961b) from Michigan. Eight speclies of
Passaloecus are thus known to occur In Michligan. Specimens of
Pagsaloecug were examined from the Museum of Zoology of the University

of Michigan and the Entomology Museum of Michlgan State University.



Blology of North American Passaloecus

Passaloecus are known to nest in decayed wood, abandoned beetle
borings, stems of Rhus, Rosa, Sambucus, Cornus, bark of plne, cedar,
and oak. Nests are llnear and usually partitioned and closed with
plne resin. All Passaloecus provision nests with aphlds and a single
Passaloecus species may prey on more than six different aphid specles
(Fye, 1965). Dixon (1973) states that aphid predators are more
closely associated with particular habitats than they are to
particular aphids. Passaloecus could then be described as general
opportunists.

Passaloecus are markedly protandrous. Emergence occurs in late
May and June. Mean emergence for males is nearly one week earller
than females. A few days after emergence females are observed
searching for nesting sites. Preferred sites are found In moderate
plant cover with nests In partial shade. Previously used nests are
cleaned of debrls and reused. New excavation ls llmlted to decayed
wood or pith. Generally, Innermost cells produce females; outermost
cells produce males. Data vary on the relationships between the sex
of cell occupant, size of cell, and quantity of food stores. Eggs are
placed on the thoracic and abdominal ventor of an aphid on the top of
the food mass. Larval feeding is completed within 40 days (Fye, 1965)
and Passaloecus over winter as prepupae. Pupation of Nearctic

materials occurs In late April and May.
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Aphid Prey of Passaloecus

Dixon (1973) notes that aphld parasitolds are fastldious, often
preying on a single species, but predators feed on a number of
specles. Aphid prey of Passaloecys are gliven by Fye (1965) and
Krombein (1965, 1956, 1958, 1960, 196ia, 1967). Passaloecus are
apparently generalists in their prey selection. The number of prey
provisioned by Passaloecus is extremely varled. Prey provisioned per
cell ranged from seven to sixty-three; prey per nest ranged from flfty
to two hundred. Corbet and Backhouse (1975) suggest that In favorable
conditions a single female could klll flfteen hundred aphids based
upon one cell provisioned per day (thirty aphids) and a hunting life
of flfty days. No data have been given Indicating mean numbers of
aphids per cell, nor has any Information been given on whether a
relationship exists between aphid specles provisioned and mean number

of provisions.
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Key to Michlgan Passaloecus

Readers are referred to Vincent (1978) for a discussion of the
morphologlcal features Important In distinguishing Passaloecus
specles. A generalized dlagram of the scutum and mesopleuron
I1lustrating structural features and terminology used In descriptions
and the following key may be found in Figs. 1 and 18. The following
key Is an adaptation of Vincent‘s Key to North American Passaloecus
Shuckard to Michigan Passaloecus.

1. Males: eleven flagel lomeres; seven visible gastral

terga; clypeus with dense covering of sllivery setae;

length of scape 2 times width . . . . . . . ... ... 2
1. Females: ten flagellomeres; six visible gastral terga;

clypeus with sparse covering of silvery setae; length

of scape 3 - 4 times width e e e s e e e e e e e e e 9

2. Splnose tubercles present medlally on gastral tergum VI . . 3

2’. Spinose tubercles absent on gastral tergum VI . . . .. .. 7

3. Clypeal lobe tridentate (Flg. 8); apex of foretarsomere
produced below e ¢ o o « s e« s e v s o+« P.cuspidatus

3’. Clypeal lobe truncate or weakly concave . . . . .. . ... 4

4, Scrobal sulcus absent or weakly impressed (Figs. 19, 23) . . S
4’, Scrobal sulcus deeply Impressed, areolate (Flgs. 20 - 22). . 6
117



5.

7’.

8.

9"

118

Apical 1/3 to 1/2 of flagellomeres 111 - IX white
or pale yellow; hind trochanter pale amber . . P. annulatus

Flagel lomeres, trochanters dark brown

or black e o o o o o o o o o o e o e e+ P. monilicornis

Mandibles, trochanters dark brown or black . . . . P. lineatus
Mandlble white or pale yellow;
trochanters pale amber . . . . . . . . . .. P. areolatus

Omaulus absent; scrobal sulcus absent; pronotal lobe
and trochanters dark brown or black .+« .+ P.sloaularis
Omaulus present (Fig. 8); scrobal sulcus Impressed,

areolate . . . . . . .. e e e e e e e e e e e . e e e 8

Scutum anterlorally with Interrupted transverse carlnae;

notaul! longer then admedlan |ines, extending to

mld-polnt of scutum (Flg. 2). . . . . .. ... PB.garacllls
Scutum with course punctation, lateral margins with

weak transverse carinae; notaull not longer than

admedian lines, terminating before mid-point of
scutum (Fig. 6) . . . . . . . . . . . .. . « « P. turionum

Omaulus present (Filg. 8) . . . . . . . . . . . e+ e e+« « . 10
Omaulus absent e B 1



10'

10/

11.

117,

12.

127,

13.

13/

14'

147,

119

Scutum anterlorlﬁ with Interrupted transverse carinae (Flg. 2)
no setal division pattern on face; notaull extending to
mid-point of scutum; basal 1/4 of hind tibla creamy
white . . . ... ........¢.¢.... P.gracllis

Scutum with course punctation and lateral marglins with
weak transverse carlnae; notaull not extending to

mid-point of scutum (Flg. 6); tlbla black . . . P. turlonum

Scrobal sulcus strongly Impressed or areolate . . . . . . . 12

Scrobal sulcus not present, or weakly impressed . . . . . . 14

Scrobal sulcus strongly Impressed; clypeal lobe
tridentate (Fig. 8); pronotal lobe and basal 1/3 to 1/4 of
hind tibla white 4 e s s e e s e s e+ P.cuspidatus
Scrobal sulcus areolate;

clypeal lobe truncate (Figs. 10, 13 . . . . . . . . . . 13

Clypeal lobe width 1/4 of clypeal base width;

trochanters amber ¢t ¢ o o e e o s s e e o« « « P. areolatus
Clypeal lobe width one-flfth clypeal base width;

trochanters brown to black C e e e e e e e . P. llneatus

Clypeal lobe weakly tridentate and weakly upturned (Flg. 12);
pronotal lobe, labrum and trochanters black. . P. sinaularis

Clypeal lobe CONCave OF CONVEX . . « « « ¢ « o o o o o o o 1S



15.

15/.

120

Clypeus concave (Fig. 7); pronotum white; labrum brown;
trochanters black . . . . . . . . . . .. . P. monilicornis
Clypeus convex (Flg. 14); labrum and
trochanters amber . . . .. ... ... . . . PB. annulatus



Michlgan Passaloecus

PASSALOECUS ANNULATUS (SAY)
(Flgs. 14, 15, 23, 24)

PEMPHREDON ANNULATUS SAY, 1837. Boston Jour. Nat. Hist. 1:379.

REMARKS: Females: clypeal lobe projecting strongly with margin weakly
convex; pronotal lobe and palpl white; labrum, mandible and legs pale
amber; males: apical 1/3 to 1/2 of flagellomeres I-X pale amber.

BIOLOGY: The biology of Passaloecus anpulatus (Say) Is reported by
Krombein (1955, 1958, 1960, 1961a, 1963) and Vincent (1978). Nesting
sites included anoblid borings, beetle borings In wooden cowshed
walls, twigs of Rhus glabra L. and Juglans nigra L. respectively, and
a boring in a red cedar stump. Data are given on four nests. One
pine trap nest contained three cells - 6.0, 10.0, and 12.0 mm long
respectively. Two males were reared from this nest. One nest from
Rhus glabra L. and another from Juglans nlara L. collectively
contalned six brood cells ranging from 10 mm to 30.7 mm long. Three
adults, one male and two females were reared. Three others died in

the prepupa stage. One nest had two vestibular cells, 19.0 mm and
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16.0 mm long. Larval cocoons usually consisted of two transverse
sllken partitions, the first contiguous with the resin partition and
the second 4.0 to 10.0 mm distant from the first. Krombein (1963)
reported P. annulatus active from May 20 to October 13 and conslidered
It muitivoltine In the Washington, D.C. area. Vincent (1978) ceported
that collection records indicate P. annulatus 1Is wunivoltine in
Missourl.

MICHIGAN DISTRIBUTION: Flig. 23

MICHIGAN FLIGHT DATES: S June - 16 Aug.

PARASITES: Unknown.

PREY RECORDS: Drepanaphls (Krombeln, 1955, 1958); Macrosiphum
(Krombein, 1958, 1960); Neothomasia (Krombein, 1961a).



123

PASSALOECUS AREOLATUS VINCENT
(Flgs. 3, 13, 21, 25)

PASSALOECUS AREOLATUS VINCENT, 1978. Wassman Jour. of Blo. 36:159.
REMARKS: Females: clypeal lobe truncate; scrobal sulcus areolate and
strongly Impressed; notauli areolate and slightly longer than admedian
lines; all trochanters, tibia, and tarsi of foreleg amber; males with
sllghtly darker scape and mandibles. The 1light color of the
trochanters contrasts dramatically against dark brown femur.
BIOLOGY: Passaloecus areolatus Vincent was reported by Krombein
(1958, 1963) as P. relativus Fox. One female was observed carrying an
aphid on May 30, 1957 and June 1, 1957. Wasps were observed at beetle
borings from May 21 to June 2. Vincent (1978) reported on two nests
In pine trap nests with 1.5 mm borings from Bollvar, Polk County,
Missouri. Both had resin partitions and closures of resin and wood
particles. One nest had four cells with lengths of 8.3, 8.5, 9.0 and
8.5 mm and two vestibular cells; one male P. areolatus and a chrysidid
(Omaulug sp.) were reared. Others dled during rearing. A second nest
had five cells with lengths of 6.8, 7.0, 6.0, 15.5, and 16.0 mm. The
four outermost cells had been destroyed and a single female P.
areolatus was reared from cell number one.
MICHIGAN DISTRIBUTION: Fig. 25
MICHIGAN FLIGHT DATES: 25 July - 9 Aug.
PARASITES: A chrysidid, Omaulus sp. (Vincent, 1978).
PREY RECORDS: Unknown.
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PASSALAOECUS CUSPIDATUS SMITH
| (FIGS. 8, 19, 26)

PASSALOECUS CUSPIDATUS SMITH, 1856. Cat. Hym. Brit. Mus. v.4:427
REMARKS: Females: clypeal lobe strongly tridentate; scrobal sulcus
Impressed, with weak longltudinal carinae; pronotal lobe, ventral
surface of scape, basal 4/5 of mandible, labium, palpi, and basal 1/8
- 1/4 of hind femur white; males similar except tarsi and pre-tarsi
of fore- and midleg amber. P. cuspidatus Is the largest of the
Michigan Passaloecus.

BIOLOGY: Records of Passaloecus cuspidatus Smith are provided by Fye
(1965), Krombein (1956, 1958, 1963, 1967), and Vincent (1978).
Nesting sites Included beetle borings In wooden cowshed walls,
artificial borings in elderberry and chinaberry, pine trap nests, and
soda straws. Krombein observed nesting actlvity near Arlington,
Virginla May 23 - May 29, 1956; May 30, 1958; May 17 - May 30, 1959;
June 1 - June 7, 1960; May 22 - June 1, 1962; and May 19, 1963.
Nesting actlvity was observed near Derby, New York June 7 - July 4,
1959 and June 1 - July 9, 1960. Twenty nests were In pine trap nests
with a bore diameter of 3.2 mm. These nests contained 58 provisioned
cells. Cell lengths were 8 - 52 mm (mean = 16.3). Elghteen female
cells were 12 - 47 mm long (mean = 16.1) and 14 male cells were 10 -
31 mm long (mean = 14.8). Two nests from 4.8 mm borings had 4
provisioned cells respectlvely 7, 8, 13, and 126 mm long. One 6.4 mm

boring had 4 provisioned cells 7, 6, 7, and 9 mm long. No intercalary
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cells were found and all but one nest had a vestlibular cell.
Vestlbular cells were 5 - 145 mm long. Resin partitions were usually
.25 mm thick with one occasionally 4 mm thick. Resin closures were
usually 1 mm thick and ranged from .25 to 4 mm. Krombein (1967)
reported that P. cuspjdatus had a larval feeding perlod of 6 to 9
days. Fye (1965) found P. cuspidatus In two 6.4 mm borings In
elderberry or chinaberry. One nest contained 4 cells; females were
reared from 3 cells (i1 - 21 mm, mean = 15; and one cell (11.2 mm)
produced a male. The vestibular cell (102 mm) was closed with a 3.2
mm resin plug. A second nest of five cells (6.4 - 14.4 mm) produced
females from one 6.4 mm and one 8.0 mm cell. The vestibular cell was
30 mm long, partitioned and closed with a 1.6 mm resin plug.

Vincent (1978) observed two females cleaning debris from old nests
and provisioning nests August 12, 1972 at Willard’s Peak, Utah
(9500’). Prlor to provisioning, wasps ringed nest openings with two
drops of resin. Elght provisioning trips were observed. Trip
5.96 + 2.85) Thirteen resin

duration was 3.8 - 10 minutes (mean
gathering trips were observed with durations of 0.5 - 8.0 minutes
(mean = 2.04 + 1.93). Nest closure was achieved with four drops of
resin spread dlagonally across the nest opening. Nest archltecture
was reported from 83 soda straw nests from Montclair, Alameda Co.,
California. Straws measured 90 mm x 4 mm and contalned two to nine
cells (mean = 6.14 + 1.79). Flve hundred-ten brood cells were
examined. One hundred-eleven produced females. Cells were 5.0 - 18.0

mn long (mean = 10.09 + 2.19). One hundred-ten male cells were 4.0 -

16.0 mm long (mean = 8.82 + 2.16 mm). Indlividual cells contalned 7 -
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32 aphids. Resin partitions were 0.5 - 4.0 mm. Vestibular cells
werefound in all nests (3.0 - 21.0 mm long, mean = 9.89 + 3.5, n =
108). Flfty- flve nests had one vestibular cell, twenty-two nests had
two, and three cells had three. Resin closures had coverings of
coarse wood particles.

MICHIGAN DISTRIBUTION: Fig. 26.

MICHIGAN FLIGHT DATES: 13 June - 14 Aug.

PARASITES: Two chrysidlids: Omaulus aepeus (Fabricus), (Krombein, 1967;
Vincent, 1978) and Qmaulus purpuratus (Vincent, 1978); two
Ichneumonids: Pomenla americana <(Cresson), (Krombein, 1967); and
Pomenia thoraclica (Cresson), (Vincent, 1978)

PREY RECORDS: Clpara, (Fye, 1965); Macrosiphum, (Fye, 1965; Krombein,
1956, 1958, 1967); Myzus (Krombein, 1967); Masonaphigs, (Krombein,
1967); Rhopalosiphum, (Fye, 1965).
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PASSALAOECUS GRACILIS (CURTIS)
(Flgs. 2, 11, 22)

DIODONTUS GRACILIS CURTIS, 1834. British Entomology 11:496
REMARKS: Females: clypeal lobe concave, scrobal sulcus areolate;
scutum with oval ralsed scutal patches; notaull areolate, extending to
midpoint of scutum; scutum anteriorly with transverse Iinterrupted
carinae; areolate omaulus narrowly separated from episternal suicus;
mandlble, except apex, ventral surface of scape, pronotal lobe,
foretibla and basal 1/4 of mid- and hind tibla creamy white. This
species is very uncommon and the transverse carinae of the scutum are
distinctive.
BIOLOGY: Unknown.
MICHIGAN DISTRIBUTION: One female; Wexford Co., 20 August 1973,
collected by R. D. Averill; deposited In the Entomology Museum of
Mighigan State Unlversity. Two males; Macomb Co., 19 March 1961,
collected by S. J. Thomas, deposited in the USNM.
MICHIGAN FLIGHT DATES: 20 Aug.
PARASITES: Unknown.
PREY RECORDS: Megorua, (Danks, 1971); Tuberculoldes, (Danks, 1971);
Holcaphalg, (Danks, 1971).
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PASSALOECUS LINEATUS VINCENT
| (Flgs. 5, 10, 27

PASSALOECUS LINEATUS VINCENT, 1978. Wassman Jour. of Bio. 36:162
REMARKS: Females: clypeal lobe narrow and truncate; scrobal sulcus
areolate and strongly Iimpressed; notauli areolate extending to
midpoint of scutum; pronotal lobe, ventral surface of scape, basal 2/3
of mandibles, and palpl white; trochanters dark brown; males similar.
BIOLOGY: Unknown
MICHIGAN DISTRIBUTION: Flg. 28.
MICHIGAN FLIGHT DATES: 13 June - 20 July
PARASITES: Unknown.
PREY RECORDS: Unknown.
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PASSALOELCUS MONILICORNIS DAHLBOM
(Flgs. 7, 28)

PASSALOECUS MONILICORNIS DAHLBOM, 1842. Dispositio methodica:12
REMARKS: Females: clypeal lobe weakly concave or truncate; scrobal
Sulcus weakly Impressed or absent; notaull areolate, as long as
admedian lines; pronotal lobe, ventral surface of scape, basal 4/5 of
mandile white; trochanters and femurs dark brown; tarsl and pre-tarsl
llght brown; males similar.

BIOLOGY: Fye (1965) and Krombein (1967) described nesting habits of
P. monilicornis Dahlbom. Fye reported on thirty-seven nests in
drilled elderberry twigs from the Black Sturgeon Lake area of
northwestern Ontario. Nest diameters were 6.4 mm and 8.0 mm with 6.4
mm preferred. Female cells were 4.8 - 12.8 mm long (mean = 8.66 +.5
mm), male cells were 4.8 - 11.2 mm long (mean = 7.8 +.3 mm). Flve
nests of 6.4 mm boring had 5 - 10 cells each (mean = 7). Vestibular
cells were 1 - 4 per nest, 26 - 77 mm long. Partitions and closures
were of resin and closure plugs were 1.6 - 3.2 mm thick. In 8.0 mm
borings mean length of female cells was 10.0 mm. A single male cell
was 14.4 mm long. Unlivoltine and bivoltine populations were reported.
The univoltine population provisioned nests in late June. The larval
feeding perlod lasted up to 40 days. Pupation occurred the flrst and
second week of the following June with emergence the last week in
June. The bivolitine population provisioned nests in June; larval

feeding was completed by mid-July and adults emerged July 29 - August

—
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4. Nests provislioned by this summer generatlon were collected from 16
August - 3 OSeptember and adults of the overwintering generation
emerged the last week In June.

Krombein (1967) reported on six P. monllicornis nests in pine trap
nests near Derby, New York. Four nests with 3.2 mm borings contalined
20 provisioned cells 6 - 12 mm long (x = 8.6mm). Twelve female cells
had a mean length of 9.6 mm and four male cells had a mean length of
6.7 mm. Three of these nests contained six cells each and a fourth
nest contailned two cells. A nest with a 4.8 mm bore contained 12
stored ceils 6 - 12 mm long (x = 8.6) and a second 4.8 mm nest had
three stored cells 19, 25, and 90 mm long respectively. No nests had
Intercalary cells and vestibular cells were 10 - 20 mm long. Resin
partitions were .25 mm - .50 mm and closures were 0.5 - 1.0 mm thlck.
Krombeln considered P. monilicornis bivoltine in thls area. Adults,
from four nests completed In late May and early June, emerged June 23
- July 18. A single adult emerged August 17 from a nest stored In
mid-July. One nest, containing six completed cells, produced females
from three Inner-most cells, cells four and flve produced males and

cell six suffered egg death.
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MICHIGAN DISTRIBUTION: Flg. 28.

MICHIGAN FLIGHT DATES: 24 May - 8 Aug.

PARASITES: Two chrysidids: Omaulus aeneus (Fabricus), (Fye, 1965) and
Qmaulus irldescens ? (Norton), (Fye, 1965); two ichneumonids: Pomenia
alblpes (Cresson), (Fye, 1965) and Pomenia americana ? (Cresson),
(Fye, 1965).

PREY RECORDS: Amophoraphora, (Fye, 1965); Anuraphis, (Krombein, 1967);
Clnaria, (Fye, 1965); Euceraphls, (Fye, 1965); Macrosiphum. (Fye,
1965); Neosymdobius, (Fye, 1965); Pterocomma ?, (Fye, 1965);
Rhopalosiphum <(Krombein, 1967)
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PASSALOECUS SINGULARIS DAHLBOM
| (Plgs. 4, 12, 16, 29

PASSALOECUS SINGULARIS DAHLBOM, 1844. Hym. Europaea, v.1: 243
REMARKS : Females: clypeal Ilobe weakly upturned and weakly
tri-dentate; scutal patches present; no white markings; males simllar.
This species is the slenderest of the Michigan Pagsaloecus.
BIOLOGY: Unknown.
MICHIGAN DISTRIBUTION: Flg. 29.
MICHIGAN FLIGHT DATES: 17 May - 30 Aug.
PARASITES: Unknown.
PREY RECORDS: Unknown.
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PASSALOECUS TURIONUM DAHLBOM
(Flgs. 6, 9, 17, 20)
DIODONTUS GRACILIS CURTIS, 1834. British Entomology 11:496
REMARKS: Females: clypeal lobe concave; scrobal sulcus strongly
areolate; omaulus present; notaull areolate, as long as admedlan
lines; scutal patches present; ventral surface of scape and basal 2/3
of mandible dark brwon to pale white. This speclies like P. araclllls
possesses an omaulus, but lacks the transverse carinae of the scutum.
BIOLOGY: Whlle conducting prellminary research on the trap-nesting
blology of Passaloecus five unusual females (one - 6 August 1982, one
- 27 July 1983, two - 1 October 1983, and one - 30 August 1985) were
col lected. Using Vincent’s revision of the Passaloecus of North
America (Vincent, 1978) thls materlal was ldentifled as Passaloecus
borealls Dahlbom. Subsequent to the use of Vincent’s key this
material was compared with a description of P. borealis and a specimen
previously determined as P. Dborealis from the Michigan State
University Entomology Museum Collectlion. The determination of this
material was placed In doubt because of deviations from Vincent’s
description and distributlon records for borealls that showed the
eastern limit of I1ts range to be Colorado. During a subsequent review
of Yarrow’s paper on nomenclatorial problems among European species of
Passaloecus the present material was clearly described and identified
as Passaloecus turlonum Dahlbom (Yarrow, 1970).
Krombein (1961) reported on two male Passaloecus reared from a
twig from Macomb Co. Michigan. Although positive identification was

not possible he Identifled the material as standing close to
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P. brevicornis Morawitz. A specimen was sent to Dr. J. deBeaumont,
Lausane, Swltzerland. He ldentified the material as P. turionum
Dahibom for which he considered P. brevicornis a synonym. Krombein
considered P. turlonum Dahlbom adventl&e In the Unlited States since no
records exlisted for this materlal prior to July 1941. Vincent (1978)
assigned thls material to P. graclllisg (Curtls).

Yarrow (1970) untangled the nomenclatorlial problems among names
applied to Passaloecus spp. by British and Continental authors, and
the confusion of Passaloecus types. He clearly distinguished three
gspecles of Passaloecus that possess an areolate omaulus anterior to
the episternal sulcus: P. gracllis (Curtis), P. turionum Dahlbom, and
P. borealls Dahibom.

Vincent (1978) agreed with Yarrow’s interpretation of this group
and raised P. turiopum Dahibom from synonomy with P. graclills (Curtls)
to speclies status. However, he did not provide a description of this
adventlve specles.

DESCRIPTION: Female, black; ventral surface of scape white, basal
half of the anterlor face of mandible llght amber; pronotal Ilobe
amber; fore-tibla above 1lght brown; lablum, posterior face and distal
half of mandible, pro-, meso-, and meta-tibla, pro-, meso-, and
meta-femur dark brown; setal division pattern low on face at level of
antennal sockets; clypeal setae on dorsal 1/2 Incllined toward midline,
on ventral 1/2 Inclined ventrally; clypeal lobe weakly concave;
Interocellar distance equal to ocellocular distance; notaull Impressed
and areolate, as long as admedian I1lnes; scrobal sulcus areolate;
scutal margin opposite tegula strongly reflexed and areolate; scutum
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