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- Abstract
Digger wasps are subject to parasitism by several sbeqies of
miltogrammine flies, the most import--t of which is the
satellite fly, Senotainia tPiIiheata. *Manrv behaviours
exhibited by female digger wasps are: thour it ta act as
deterrents to this parasite.” One such b-iaviour 1s the
flight during which female wasps réturn to their nests :th
. prey. The pattern and characteristics of these provisioning
flights vary greatly among species. They may function as a
defence against satellite flies either by reducing the
probability of detection, a primary defence, or by réducing
the probébility of larvipositioh once the flight is
followed, a secondary defence.

Provisioning flights by females of six species of .
digger wasps (Oxybe{ys uniglumis, Crabro argusinus, Bembix
americana, Philanthus gibbosus, Philanthus inversus and
Cerceris echo) were observed for two summers at a nesting
aggregation in southern Alberta. Responses of females to
ﬁursuit By satellite flies were recorded along with
estimates of potential parasitism. The searching and
larviposition behaviour of iﬁdividhally marked female
S. trilineata were also observed to determine whéther‘they
were generalists or specialists in host selection.

No type of flight reduced the probability of cetection
by female S. trilineata. Provisioning flights by females of

all six species were frequently and consistently followed.

Female S. tpilinéata noticed and followed most moving
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insects. Feﬁale S. tPiiineéta were generalists in their
gearching behaviour.

The flights by females of two species (Crabro argusinus
and Philanthﬁs inversus) reduced the probability of
lafyiposition once the wasp was followed by delaying ﬁhe
approach to the nest. In the other four species most
females did not reépond to the following fl; and the fly
freque.:ly had an opportunity to larviposit on the prey.
Some of these species hawe othe; defences against this nest

parasite, such as progressive provisioning.
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Introduction
A striking feature of digger wasp nesting aggregations is
the abundance and diversity of nest parasites. The most
cohmpn and widespread nest parasites are sarcophagid flies

in the subfamily Miltogramminae. The flies commonly destroy

the wasp larvae in 10-20%'of all cells provisioned by a waép )

.species (Evans 1970; Krombeiq et al. 1979) and in some
éagregations more than 50% ogithe larva are destroyed
(Kurczewski and Harris 1968; Evans 1958). In North America,
one of the most abundant and widespread of the
miltogrammines is the satellite f"i Senotainia trilineata.
Females 6f this species frequent wasp nesting aggrega;ions
where they watch for and follow prey~laden feﬁale wasps to
the entrance of their nests. In this vicinity they attempt

~to deposit one to several larvae on the wasp's prey. These
larvae are thén introduced into the nest when the wasp
transports her prey to the cell she is pyovisioning. In the

'qell, the £ tPilineata‘larvae consume.;he wasp's egg or the
prey intended for the wasp larva. This'usually results in
the death of the wasp égg or larva in‘che_parasitized cell;
Sphecids of 6 suﬁﬁamilies, as well as solitary ground -
nesting waspscéf two other families (Vespida.: and
Pompilidae) have.been recorded as ﬁosts of this fly (Evans
\épd Yoshiﬁoto 1962; Kurahashi 1970: Kromgein 1967;

Krombein et af. 1379; Ristich 1956; Peckham 1977). The
prévélence of parasitized cells for each wasp species varies

"reatly, but reports of more than 15% of all larvae of a

G



"species being destroyea by S. trilineata are not uncommon
(e.g. Tachytes validus 62.5%, Evans and Kurczewskl 1966;
Oxybelus uniglumis 33%, Evans 1970; Crabro advena 25%,

Evans 2t al. 1980; C. hilaris 27%, Matthews et al. 1979;
Bicyrtes quadrifasciata 20%, Evans 1966a). Since
S. trilineata are so widespread, since they parasitize such

a wide range of hosts and‘since‘parasitism is so prevalent
in many speciés, they have been considered an important
factor in shaping the life histories and behaviour patterns
of many digger wasps (Evans 1966a, 1966b, 1970; Matthews and

Matthews 1978;: Alcock 1979). .

An equally striking fez ure of digger wasp nesting
aggregations is the set of species specific, stereotyped
~behaviour patterns each wésp uses to construct and provision

her nest. As a result, each species is recognizable by a

distinctive set of behaviour patferns. For example, in the
genus Oxybelus the females of some species carry soil out of
thé nest with their mandibles and forelegs, whereas others
rake the soil out with only their forelegs. The females of

SOﬁe'species place temporary closures of sand over their
nest entrances before tﬁey leave to hunt; others’ leave the
entrance open. The females of; some species carry their prey
with their middle legs and others transport the prey on —
their sting (Peckham et al. 1973). - Besides their obvious
role in actually constructing and?provisioning the nests,

many of these behaviour patterns are thought to have a role

in reducing the impact of miltogrammine nest parasites.



Temporary clogufes of the nest entrance may prevent hole
searchers from finding the nest (Evans and Eberhard 1970),
accessory burrows may deflect the attention of hole
searchers from the real nest entrance (Tsuneki 1963; Evans
1966b) and carrying the prey tightly fucked unaer the thorax
may reduce the accessibility of the prey to satellite flies
(Evans 1963).

The attern and speed of provisioning flights, like
other behaviour patterns, are species specific and exhibit
great diversity émong species within a nesting aggregation
(Evans 1970; Alcock 1973). During prpvisioﬁiﬁg flights
female Ammophila procera walk slowly to the nest, Plenoculus
davisi employ short, direct hop flights, Bicyrtes ventralis
fly quickly and directly to the nest entrance, Philanthus
crabroniformis stop and sit a few times, and Crabro
argusinus fly quickly toward the nest entrance, back away
for_a short distance, then quickly fly into the nest
entfance»(Evansb1959; Kurczewski 1968; Evans 1966a, 1970;
Matthews et al. 1979). Within genera there is also much
diversity in flight patterﬁ. The géhus Philanthus includes
species whose females fly quickly and directly to the nest
(P. sanbornii), descend slowly, waggling their abdomen -
conspicuously as they approach ﬁhe nest (P. gibbosus), and
fly slowly towards the nest, land and remain motionless,
then slowly fly to the entrance (P. inversus)(pers. obs.,
see also Alcock 1975). As a result of this diversity, each

species can be recognized by the distinctive provisioning
.



flight of its females in a multispecies nesting aggregation
(Evans 1970, -Alcock 1973, pers. obs.). |

The obvious role of provisioning flights is to
transport prey from the site of capture to the nest.
Additionally, since satellite. flies use vision to orient to
wasps and follow them -to their nests, flights might be
involved in defence againét this parasite (Evans 1970;
Alcock 1973, 1954; 1975).

Edmunds (1974) broadiy defines a defenéive adaptation
as an 'adaptation which.reduces the chance of guccess.of an.
attack by another ~nimal'. Flight patterns may act as a
defence by recducir. tne probability of a female ’

S. trilineata i»nllowing a'provisioning wasp\(a primary
defence), or once a fly is following, by réducing the chance
of a fly'depééiting a maégot on the prey carried by the QaSp
(a secondary defence). In this study a behaviour is

considered a defence if it reduces the number of presumed

larvipogitions to below one per cell.

Provisioning Flights as a Priméry Defence
| Provisioning flights may act as a srimary defenéé,
reducing the probability of detection (Edmunds 1974), by " the
presentation of diverse flight types by each of several
species in a nesting aggregation (Alcock 1973, 1974, 1975).
The presentation of diverse forms, either morphological or

behavioural, to a predator has been suggested to reduc3 the

efficiency of a predator in subduing any one of the prey

)



forms (Ricklefs and O'Rourke 1975, Schall and Pianka 1980).
‘The differences among speéies presumably require different
skills for detection, resulting‘in the predator being
differentially successful at finding each pregbtype.

Several groups of animals are known to presenf diverse
aspects, either mofphological or behavioural, to their
enemies (e.g. moths, Sargent 1978; Ricklefs and

O'Rourke 1975; lizards, Schall and Pianka 1980;
grassﬁoppers, Joern 1978). 1In a wasp nesting aggregation,
Alcock (1973, 1974, 1975) reasons that an individual fly can
effectively scan the environment for only some of the types
of fligHts present and that each fly either is neurally
programmed to receive visual stimuli only from éertain
flight patterns or responds selectively to only some of the
types of flights it sees. Aspect diversity‘theo;y predicts,
as Alcock suggesﬁs, that flight diversity would be selected
for because each species would then escape detection by a
portion of the satellite fly population.

Given that wasp provisioning flights are diverse, the
hypothesis that flight diversity is involved in a primary
defence against nesfgparasitism by S. tPilinéata can be
evaluated by examininé\the behaviour of the satellite fly.
If individual female S)\tﬁiiineata notice and follow only
one or a few types of prgvisioning'flights‘aspect diversity
smay be a defence. Diversi:y may also be'a defence if |
individuals follow the fligk;s 7 speéies, but each

species at very different fregue. 5. If individual flies
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frequently notice and follow many types of provisioning
flights, then flight diversity is probably not involved in
primary defence. >
Prov%sioning Flights as a Secohdary Defence

Once a satellite fly is following a provisioning wasp,
.the wasp may be able to use a flight pattern to respond to
and deter the fly from larvipositing on her prey, a
secondary defence (Edmunds1974). Two types of provisioning
flights of sphecids have been reported to be secondary
defences against satellite flies. ;lights that lure the fly
away from the nest are known for Crabro argusinus (Evans
1960; Matthews et al. 1979) and five species of Philanthus
(multimaculatus, crabroniformis, zebratus, lepidus and
gibbosus) (Evans 1970; Alcock 1975). Sécﬁndly, females of
many of the same Philanthus ('nultimaculatus, crabroniformis,
Zebratus and pol itus) make stops on vegetation or the ground
ir the vicinity of their nests (Evans 1970; Alcock 1975),
These have'béen interpreted as opportunities for the A
following S. trilineata to be distracted. Both Evans-(1970)
and Alcock (1974) have seen.a satellite ffy, which.vas
watching a sitting wasp which it héd previously beeh
following, divert its attention from the sitting wasp to a
wasp flying nearby. The effectiveness of. these flights as
defences is questionable because in the only quantitative
data presented every cell was boteﬁ}ially provisioned with a

prey contacted by a satellite fly (Alcock 1975)..



Applying the aspect diversity hypothesis to escape
behaviour, $chall and Pianka (1980) argue that diverse
fesponses to a predator should feduce a predator's
efficiency. For digger wasps, different responses by
females of each species to a following S. trijlineata could
" reduce the ability of the fly to predict and/orp}earn how
each wasp species will féacf and therefore redu;e
-larviposition efficiency. Alternatively, Alcock (1975) has
predicted behavioural convergence on the;gne or few escape
patterns that are effective.

“Whether responses to satellite flies are diverse or
have conQérged on one effective response can be determined
by observing the reactions of several species of wasps to
‘being folléwed and the effectiveness ofxtheﬂfeéponses.

Also, if individual S. trilineata specialize and are onl}
able to contact prey during one type of wasp flight
response, and different indiQidpais‘Vary in the response’
‘during which they are able'to contactAthe‘pref, this would
suggest that diverse respbnses'reauce-thewprobébility’of~
contact. Alternatively, if individual flies are able to
contact prey during many types of responses and, one response
resuits in the prey }ately being contaéted,‘converéence on

oné’effectiye response has probably occurred.



Provisioning flights not Involved in Defence

Itiisigoésibié, hgwevéf, that provisioning flights-are
not ﬁnvolved in‘defepcé against satellite flies. 1If many
flights of a species are folibwed and no response is noted,
it may be because other effective defences are beihg used,
such aéua defegée takiﬁg place in the né;t. Progressive

provisioning in many bembicines is suggested to function in

this manner (Evans 1957, 1966a).

,  To determine whether provisioning flights were
effeétive'priméry o;?secondary defences, I monitored the
"flighté of six species of digger wasps-and the behaviour of
S.-trilineéta at a nesting aggregation of wasps in southern
Alberta. S..trilineata was common, and it followed and
attempted to larviposit on the prey of all six wasp species:
Frequencies of following and cdntact, and responses of'wasps
to being fdllowed were recorded for each of the six species.
‘éontabted prey were collected and nests were excavated to

. confirm the relationship between contact and actual

introduction of S. trilineata larvae into nests.

]



Study Area and Methods
This study was conducted at Writing-on-Stone Provincial Park
in southern Alberta (49° 06', 111° 20'), from May 21 to
September 21, 1981 and from June 1 to September 19, 1982,
The $thdy site_yas a man-made saﬁd scrape cOnsisting of a 10
by'20.metre"flat area of sand, sparsely vegetated with |
Russian Thistle (Salsola kali), sunfldwers (Hel ianthus spp.)
and several grésses, and an adjacent 1-2.5m vertical panel
of hard-packed sand and gravel (Plate 1). The éand and
gravel were derived from the nearby sandstobe}hoodoos and
prairie. A few metres north .of the scrape were southfacing
sandstone cliffs, 8;10m high, which.the vertical panel
paralleled. Because of this the sand scrape held one of the
warmest microclimates in the area. Surroqnding shrubbery .
(Prunus virginiana, Betula occidentalis), grassy areas, sage
(Artemesia spp.) flats and the nearby shoreline of the Milk
River provided a diversity of microhabitats where female
wasps hunted fbr arthropod prey.

This area of friable sand supported the largest and
most diverse concentration of digggt ﬁasp nests in the
vicinity. The six most common nesting species, Oxybelus
' uhiglumi§ (Linnaeus), Crabro anousihus Bohart, Bembix .
amer icana sblnolae Lepeletier, Phlianthus glbbdsus
(Fabricius), P. inversus Patton and Cerceris echo Mickel
were the subjegts of this study. Nearby sandy‘rive; banké,
graded roads and sandy bases of cliffsssupported lover

densities of nests of some of the species. Many other
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speéies of sphécids also nested on the study site. Some of
the more common or conspicuous ones were Ammophlla spp )
Podalonra spp., Isodontla elegans Dlodontus sp.,

- Miscophus sp., Plenoculus sp., Tachysphex spp.,

'Tachytes sp., Larropsis sp., Ectemnius dilectus,
"‘:Cnossocfer‘us 'Spp. , B‘icyr'te's ventral is',‘ Hopl isoides placidus,
Philanthus pulcher P. psyche, P: sanbornii, Cerceris sexta
and Eucencems superba.

Senotalnia trilineata (Van der wUlp) was one of the two
miltogrammine flies that were common throughout both
summers. Only S;'trilineata females followed provisioning
wasps. Phrosinella fulvicornis, the most‘abundant
miltogrammine, usually deposiﬁs its larvae in the temporary
closures of nests of sphecids and does not follow
provisioning females (Allen 1926; Evans 1970; Peckham 1977).
Four other m1ltogramm1nes, ﬁilarella hilarella, Euaraba |
-ter\gata, Taxigramma heteroneura and Metopia argyrocephala
were observed fewer than,ten\times each during the study.
Two other groups of hole-searching,_hymenopteran_nes£
parasites, mutillids (DasymutilZa spp.) and chrysidids were
- quite common. A fewvnesﬁ parasites of the sphecid genus
Nysson were present infrequently.

Wasp and S. trilineata activitj‘were qpnitored on
almost every suitable day during'the two summerg, for a
total of 375 hours in 1981 and 450 hours in 1982,
Provisioﬁiﬁg vas frequent oﬁly when the aif tempéréture was

above 22°C, the winds "2re calm to moderate and clghds did

o
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not obscure the sun. These conditions were met on about 70%
of all days between June 20 and September 19 of both years.
When cond1t10ns were not ideal some wasps were act1ve, but
provisioning was minimal. On most days a count of {
provisioning females of each wasp sgecies-and female

S. trilineata was conducted. On‘some days the time of first
activity, first prcvisioning, last provisioning and last
activity of each species-was noted. ’
Individual nests of the six species were marked w1th a
-numbered toothpick placed beside the entrance (Plate 2).
Many of the female wasps associated with these'nests were
marked with an individually identifiable combination of
Testorﬂé Pla Enamel paintron the thorax (Table 1, Plate ‘3).
‘The differences in numbers of individuals and nests marked
. reflect differences in effott devoted to each species
between years rathertthan ﬁcpulation changes, except where
noted ih the results. Each day as many active nests as
poesible were watched‘and all provisionings were recorded.
Observation was most prevalent at nests close to

S. trilineata activity. For the first ten proVisionings and
.all those during which a S. trilineata followed the flight,
I recorded the flight pattern in the last 0.5-5m, flight (
speed' height above sand, the presence of other waspa,~ |

S. trilineata or insects in a 4m‘ area centred on the nest,
time taken by the wasp to remove temporary closure (if-

. present) and enter the nest, and type of preyﬂcarr1ed. if a

" female S. trilineata followed the provisioning female during
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her return to the nest, 1 recorded all the above details as
well as fhe wasp's reaction to the fly and the fly'§
response to the Qasp. From these daté the ééequencies of
following and contact, and contact to followed ratio were
calculated for each wasp species. Chi-square tests for
gbodness—of-fit.were.used,to compare frequencies within and
between years. Other statistical tests are referred to in
“the appropri#te tables. Because flights-by more than one
individuél,sometimes happened simultaneodsly, all details
were not recbrded for each flight. Because of these missing
data, and disturbances such as éollécting prey during some
flight§ and inadvertently disturbing a few S. trilineata
females while they were following a wasp, the number of
flights uéed for each agzlysis varies.

Female S. trilineata deposit first instar lafvae on
prey of provisioning wasps near the nest entrance or‘aé they
enter the nest (Ristich 1956; Peckham 1977). Contact with
the prey of the wasp was considered to havé occurred if
1) direct contact of the fly's abdomen with the pfey was
observed, 2) the fly jumped onto the wasp.with prey or
3) the fly entered the nest entrance with the wasp and her.
prey. ~Contact does ﬁot necessarily mean larviposition on
bthe prey, BUfﬂlarviposition requires contact. \Tordeterminé,
~the relationship between contact and larviposit;n several
contacted prey of P, gibesus and C. angdsinus were
colleéfed and examined for signs of S."tﬁiliheata maggots

immediately after contact, and then?periodically for ten

N
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days. Prey items were aléé collected at the nest entrances
for identification and to determine if any prey which were
not followed or contacted harboured maggots. |

The number of contacts per cell weré calculated for
each species assuming a random dfstribution of contacféq
prey and thatfeach cell contained the meaniﬁumber of préy
for the species. These numbers are meant to he comparative,c
‘not to represent actual rates of parasitism. A contact is a
'heceSsary prerequisite for a larvipasition and nest
| parasitism by S, trilineata. Therefbre‘this'measure should
correlate well with rates of pérasitism.only if the species
in question employs no post-larviposition defences against
S. tnjlineata.

Nests of Oxybelus Qniglumfs,'CnabPo ahgusinus; Bembix -
americana and Cerceris echo were excavatéa to determine
prevalence of maggots, number of cellé~per nest and number
of prey per_cell.~'Nest'ex¢avation was minimized to avoid
excessive damage to other nesté in the small sand scrape.
Fof Ehis reason nests of B. americana and C. echd from a
sandy area 8km away were also excavated.

-Many satellite flies wére also individually marked with
Testor's paints (Table 1, Plate 4);. In 1982 44 marked flies
were continuously observed for 1-30 minutes to recbrd.their
reactions to moving objécts. All insects moving through a
' 0:5m* field of view in front of the fly were recorded along‘
with the response of_the fly to them. Small pebblés.weréA

- tossed 10-30cm in front of\many of these flies (N=30) and
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their responses to the pebbles were recofded. Responses
weré scored on a scale of 0 ﬁo 5: 0-No response, 1—Orieﬁt
toward, 2-Fly at, 3-Short follow(<im), 4-Long follow(>1m),
5-Attemp£ to contact. For some analyses, categories 0 and 1
wére lumped as no approach, 3 and ¢ és follow and 3-5 as an
approach. : : .

V&ucher specimens éf the six wasp species, their prey
and_S.'tPiIineata‘have been deposited with the Departﬁent of
Entomology, University of Alberta‘aAH the Canadian National

Collection, Biosystematics Research Institute, Ottawa.

e



Results

Behaviour of Senotainia trilineata

‘Female Senotainia tPiIineaFa were active throughout the
summer of 1981 (May 2! ungiiméeptember 19). At times
‘several females were present each day for several days, at
other times several days would pass wi;hout sightings of
females. The flies were most common in late June,
throughout July and 1ir early September. In 1982 the first
female was not seen unti. June 20. Throughout July and
AJéust, 8-14 females were zresent on most days that wasps
provisioned (Fig. 1). n September numbers dradual%y
declined; the last two flies were seen on September 18; In
1982 more female S. trilineatz were présent and the numbers
were more stable than in 1531, ’

S. tPiIinééta were generally active by the time most
wasps started to provision in the morning and often before
the first wasp provisioned (Table 2). Throughout the day a
variable number were present; sometimes none, sometimes
several. Numbers present in the sand scrape did not appear
to correlate with wasp activity during the warm part of the
day. Frequently females were preéent untii all wasps had
ceased to provision for the day. On 5 Aays in 1982 that
were too Qindy or too cool fgr vasps to provision, some were-
active.

Most female S. trilineata acti&ity was observed where
wasps were proVisioninQ. Individuéls often stayed in-an

/
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area of a few séuare meters for several days if wasps were
provisigning nearby. 'Some marked individuals were found
outside the study site in other wasp nesting areas, up to
60m away.

In the sand scrape, female S. trilineata sat on small
stones, short sprigs cof vegetation or exposed lumps of sand.
They turned and oriented toward most objects that moved 1irn
their fielid of vision. Individuals Zdid not appear to attend
mere to any particular tvpe of movement. All marked
individuals darted at most moving objects passing througﬁ

their field of view (Fig. 2). When 5 stones were tcssed in

'R

frent of a female Senotainia, at least one stone ana often 4
or 5 were approached. Individuals varied in how often they
approached a given species of wasp, but all individuals flew
toward over 25%, usually more than 35%, of thé individuals
of each wasp species tha:'passed through a 0.5m* field of
view in fronﬁ-pf them (Fig. 2). Many individuals darted at
or followed for a short distance grasshoppers, butterflies,
ftiger beetles and miltogrammine, muscoid, ésilid and
bombyliid flieé.. During two days of observation, one
individual flew at or followed a.wind—blownALygodesmia seed,
asilids, muscoids, eumenids, chrysidids, mgtillids} members
of five families of bees and three species of sphecids.
Another individual flew at or followed—miltogrammines,
bombyliids, muscoids, mutillids, eumenids, chrysidids,
members of two families of bees and ten species of sphecids.

" All individuals flew toward a wide variety of aculeate



17

hymenopterans.

As S. trilineata females approached a moving object,
they‘éppeared to be able 2 discriminate more detail since
they usually did n: continue to follow unless it was a bee
or wasp (Fig. 3). Wasps with prev, such as female
P. giDDosué of C.argusinus, were cften followed for longer
distances. If the wasp or bee they were following landed,
the fly usually sat within 10cm and waited, or infrequently,
approached and éttempted to make contact by jumping at the
sitting bee or wasp. When a prey-laden wasp landed at her
nest entrance, the following S. trilineata quickly
approached the wasp as she entered the nest, whether she had
to remove a temporary closure or not. Sometimes the fly
entéred the burrow with the wasp, emerging 1-5 seconds
later. Fregquently the S. trilineata landed on the prey then
touched the prey with he; abdomen. This occurred either
wvhile the wasp was removing the closure or just as she
entered the burroQ. Landing, contact and deposition of
larva happened almost instantaneously, often in less than 1
second. Other wasp-like insects, especially epeoline bees,
also were jumped at or followed into hdles in the same way
sphecids were.

Attempts to contact were not frgquent and were only
directed at aculeate hymenopteransnwhich vere, or closely
resembled, sc tary wasps. Several marked females contacted
or attempted to contact a variety of wasps (with and without

préy) and bees (Table 3).
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All six wasp species were followed during provisioning
flights by female S. trilineata and the flies also followed
many other species of provisioning wasps that were nesting
in the sand scrape. The frequency of following varied
greatly among the six wasp species and in some species the
frequency changed between years (Fig. 4). Also, the
frequency with which S. trilineata contacted the prey during
followed flights differed among the six species (Fig. 5).
Provisioning Flights and‘way of Life of the Wasps

Females of all six species of .digger wasps prepared
nests of 1 to several cells, 10-40cm deep, in the sandy soil
of the sand scrape prior to provisioning. Table 4 compares
some aspects of the natural history of the six species of
wasps. Prey were captured outside the sand scrape and
carried back in flight, to the vicinity of the nest, tucked
under'the wasp's thorax and/or abdomen. Flights from the

site of capture to the nest vicinity were not studied.

Oxybelus uhiglumis

These wasps were active from mid-June until
mid-September. At least two and probably three generations
vere represented. As many as 20 provisioning females were
oresent each day during early July both years, and in late
iugust in 1982 (Pig. 6). The nests were located throughoufﬁx
the flat and sloping parts of the sandvscrape. Provisioning_

occurred throughout the day, on many days earlief and later
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than any other wasps provisioned. During a provisioning
bout females returned every 1-4 minutes with prey. Many
females provisioned two cells in a nést in one dayrand
started a new nest every second or third day. A variety of
dipterans were taken a§ prey, with anthomyiids being the
most prevalent. Aléo taken were dolichopodids, syrphids,
sarcophagids and muscids. One male S. trilineata was taken
from a provisioning female. Prey items dropped by female
B. americana and C. arggsinus were occasionally retrieved by
female (. uniglumis, but otherwise different species of
flies were used as prey by these three fly-hunters. Seven
to eleven prey were placed in each cell, with the number
depending on the size of prey used. All aspects of the
nesting>behaviour of this species concur with the summary of
0..Uniglumis behaviour by Peckham et al. (1973), except that
the}density'of nests was much highef than they report;‘
These wasps usually appfoached the nest with a quick
flight 0.5—1.5m’above the ;round, carrying the prey with
their midale legs. They appeared to fall out of the sky,
within 2m of the nest. After they tumbled to the ground,
they impaléd the prey on their sting, sat for 1-5sec, then
proceeded féirly directly to the nest by a series of shoét
(0.03-1m), low (<0.05m) flights interspersed with bouts of
walking (Fig. 7). Females moved quickly while provisioning.
At the entrance the female removed the temporary closure in
a few seconds (X=9.1+8.5sec, N=91) and walked into the

entrance, with the prey still ‘impaled on her sting (Plate
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5). A few females took a 1es§ direct route to the nest or
sat for over 10 seconds béfore entering. Peckham
et al. (1973) have described a similar flight for this
species.

nghty of 692 prpvisioning'flights were followed, 1in
approximately equal proportions in 1981‘and 1982 (9/219 vs
117473, p>0.10, Fig. 4). Contact at the nest entrance
occurred during 5 of the 20 followed flights (Fig. 5). Four
typés of followed flights were discerned. In six insténces
the 0. uniglumis turned and flew at the S. trilineata; one
‘prey was contacted. Twice, followed fémales approached the
nest by an indirect flight path; one qf these was contacted.
Once the female Qropped herlprey and left the area. The
other eleven followed flights_were dirgct to the nest,
similar to most non-followed flights; three resulted in
contact. Dropping prey aﬁd charging other insects were also
responsesﬁto disturbances other than S. trilineata. Peckham
et al. (1973) noted followed flights where females dropped
their prey. Females removed the temporary closure as
quickly during‘followed (X=5.413.9sec, N=9) as nbn-féllowed'
flights (see above). In 1981, 4/9 and in 1982, 1/11
. followed flights were contacted. Three of the contacts
voccurreé when‘the fly followed :he wasp inio the nes£
entrance; the oﬁher two when the fly landed and touched its
abdomen to the prey at the entrance.

Contacted flights were infrequent, 4/219 flights in

1981 and 1/473 in 1982. Since about 9 prey were placed in

<7
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each cell, one of every 15 cells was provisioned with a
contacted prey. Maggots were found in 4 of 29 cells from 7
nests examined, three of these were in one nest. Because of
the large size of the maggots and pupae in these four cells,
and the prevalence of Phrosinella fulvicornis larvipositing
aﬁ the entrances to O. uniglumis nests, they were presumed

to be maggots P. fulvicornis.

Crabro argusi nus

These wasps were activé from late June until late '
Augustb1981 and until mid-September~1982. Peak activity of
10-15 provisioning females per day was observed in early
July in both years and in August 1982 (Fig. 6). 1In 1981
there was a small second generation in mid-Auqust, in 1982 a
large second generation_in late August. Nests were found on
the flat and sloping areas bf thé sand scrape. Several
nests were frequently clumped in a few square meters rqther'«
than being evenly spaced throughout the area. The position
of these patches changed between and within nesting seasons.

The prey were all dipterans belonging to two families.
More than 90% of the prey were dolichopodids; ephydrids were
also taken, especially in September 1982. Two provisioning
bouts were often noticed on most d#ys, one around n;on and a
more sustained one between 1700 aﬁd 1900. During these
bouts females returned every 2-3 minutes with prey. - From
7-17 prey (X=11.3, N=15) were provisioned in each §ell of

‘the multicellular nests. Nest placement, prey and
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provisioning periods are a117consistent with previous

" reports gég‘this species (Evans 1960; Matthews et al. 1979;
Evans et al. 1980). Many females abandoned their nests
every 2-4 days. They either started a new nést_qr_usurped
the nest of another female, in a manner %imilar to that
described for C. monticola (Alcock 1982).

Females returning with prey flew very duickly to within
0.5m of the nest, at an elevation of less than 0.25m. They
then flew backwards, facing the nest, 0.01;0.1m abové the
ground, while moving their body side-to-side. The result
was a slow,’pulsating flightiaway from the nest; which 1I
called a éigzag. Usually 1 to 3 zigzags,_0.0s to 0.40m in
length, were perforhed rmfore'the wasp flﬁﬁxvery quickly tol
‘the nest and plunged througp/the open or partially closed
entrance (Fig. 7). Throughout the fligﬁt the prey was held:
with one or both of the middle legs of the wasp. As the
wasp plunged thréugh the entrance, the prey was shifted from
under the thorax to under the abdomen and part of the prey
was exposed beyond the tip of the wasp's abdomen (Plate 6).
A fewvof the initial or final approaches were slower because
‘the wasb sat near the nest before entering (16/1078).

- Infrequently females performed some flights which lacked
zigzégs (37/1078). Several females, especiélly the few
which provisionéd in June 1982, rarely zigzagged. - During
“the provisioning‘of a nest by .one female, the position of
the zigzags relative to .the nest entrance.and the direction

of the fast approach did not-vary appteciab}y. The
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characteristic waver of provisioning females approaching the
nest has been noted in all studies of this species (Evans
1960; Evans et al. 1980; Matthews et al. 1979). Matthews
et al. (1979) also recorded a nesting aggregation where
females did not perform zigzags. .
Oof 1200 fiights, 14% were followed during both yea;s
(59/413 and 109/787, p>0.10, Fig. 4). The frequency of
~ following did ngt change significanfly throughout tbe day‘
(Fig. 8). S. trilineata females made contact duriné 8 out
of 158 followed flights with known outéomes (Fig 5).
| Confactnduring followed flights st'equally probable in
1981 and 1982 (2/52 vs 6/106, p>0.10). ' Zigzags were longer
and more numerous during followed than_non-followed flights
(Fig. 9). Three types of followed flights.were observed, in
a sample of 122. During 11 followed flights (9%), the
female wasp dropped her prey and 1e§t the nesting area,
Only one of these appgared to drop the prey in respoﬁse to a
female S. trilineata contacting it. 1In another 12 (10%),
the female performed either 6n1y short zigzags (<0.5m) or
none at all, and of these 12, five were contacted. Most
commonly, in.99 instances (81%), zigzégs were much ionger,
both in length and duraéion when a S. trilineata was
following (Fig. 7). Whén tﬂe ﬁasp flew in énd”started tg
back up, the Senotainia started to follow. The wasp and fly
were face to face as the wasp flew backwards, with thelfly
fbllowing most -pulses of the zigzag. This usually continued

for over 1m, sometimes for over 3m and rarely up to 6m,
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until the following S. trilineata sat down. -After the fly
sat, the wasp slowed her backwards movement while still
wavering back and forth 5-30cm in front of the fly. After a
few seconds of this hovering the wasp flew quickiy back to
the vicinity of the nest, zigzagged once or twice and
entered quickly if the fly had not followed her back to the
nest. If the wasp was followed the process was repeated
Almost .invariably these long 21gzags lured the S. tPlIIneata
away from the nest entrance and left the fly 51tt1ng 1-3m
away while the female C. argusinus entered unmolested 6nly
three of the 99 flights with long zigzags were contacted.
The followed zigzags were much longer than zigzags during
" non-followed flights (X=t.6m vs X=0.25m, N=166 and 260,
p<0.01,5. Likewise individual zigzags during followed
flights, that were notvfollowed by a Senotainia, were much
shorter than zigzags that were followed during the same
flights (X=0.3m vs X=1.6m, N=203 and 166, p<0.01, Fig. 10).
zigzags over 1m in length were performed only_;henda female
S. trilineata was following. . The attraction of the zigzags
to satellite flies has been reported. by Evans (1960) and
Matthews et al. (1979). |

_ Rarely short zigzags (less than 0.5m in lenoth)-were
perfo%med in apparent response to nearby flieé-thet did not
follow the zigzag. In these situations the zigzags were
more time consuming than the short zigzags of non-followed
fl1ghts, lasting from 10#30 seconds compared to 1-5 seconds.

Most of these zigzags, like the long zigzags, were seen in
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response to S. trilineata fehales,&but on four occasions
they were observed in response to another kind of fly.

Three of these were ih resﬁonse to adults of the
miltogramminé, Phrosinella fulvicornis,»circling within 10cm
of the nest entrance. The wasp performed 1-5 time cdnsuming
zigzags directly in front of the fly until it moved md:e |
than 50cm from fhé nest. Only once-~did the P. fulvfcornis
follow a zigzag and then for only a few centipetres; ~Once,
time consuminé zigzags were per%ormed in front of a male
sarcophagid fly which had followed a previous zigzag for
about 20cm. Live flies (sarcophagids or call&phorids)
pinned 2-5cm from the nest entrance did not elicit this-
’behaviour (N=12).

Time consuming zigzaés were recorded during two
followed flights that fgsulted in contact. On both
occasions the S. trifineaté sat near the nest while tﬁe
C. anusinus.slowly'hbvered and zigzaged backwards 5-30em in
front of the fly; The wasp repeated this as many as 9
times. The satellite fly ignored each of these zigzags or
less frequently, followed for less than 15cm. Eventﬁélly‘
the wasp entered her nest and the S. trilineata followed her
into the entrance. ,
| Contact was infféauent‘and in about equal prbportions
in both years (2/406 vs 6/784, p>0.10). The'satellite fly
followed thé wasp int§ the ngst gntrance during 6 of the 8
contacts. In the other 2 the prey was'touchea by the |

satellite fly as the wasp approached the nest.:;%ince about
. ’



1M1 pfey‘were piaced in each cell, 1 in 13 cellé was
prqvisioned with a contacted prey.

The bﬁly prey.that 1 observed being contacted by a
female S.'tPiljneata harboured a maggot. This dolichopodid
'Qas contacted during a zigzag and was subsequently drbpped
by the wasp and was immediately collected. 'Initially no
magéot§ were seen, but two days later the dolichopodid was
consumed except f?r the exoskeleton, and two miltogfammine
maggots wére in the body cavity. Other prey were examined
1-10 days after being collected during followed flights with
no contact (N=5) and non-followed (N=10) flights. No other
maggots were found. Twenty féur cells ffoﬁ seven nests were
duér»xﬁour maggots were recovered. One Metopia
argyrocephala was successfully reared in the laboratory.

The other three maggots were probably those of |

S. trilineata; two of these were in one nest.

Bembix americana

Female B. americana provisioned from ﬁid-July until
mid-Septémber. Very géw (less than 5 provisioning
_females/day) were present until late August, after which
time as many as 30 provisioning females were present eachl
day (Fig. 6). Presumably these waspsvréﬁfeSent one
geneﬁagion with variable emergence ;imés, but it is possible
that a small first generation is represented. Nests wéré‘on

the flat or sloped areas of the sand scfape. In 1982, the’

number of nests dwindled as many nested in sandy areas
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around the scrape, including sand flats along the river
exposed by lower water levels, instead of in the sand
scrape.

While the feﬁale was not at the nest entrance, a
temporary clbsure\was maintained. A wariety of dipterané
were taken as prey, including asilids, bombyliids, syrphids,
sarcophagids,’aﬁthomyfids and muscids. Thé sizes of the
prey used varied a§ much as their taxonomic affinities.

‘ Twegty‘to thirty prey were placed in eaéh nest dufing.é
period of five to ten days; Only 1.or 2 prey were brought
in on each of the:first 3-5 days. As many as 10 prey were
provisioned on each of the last 2 days that the female
provisioned the nést; During provisioning bouts on the last
two days of provisioning, females returned ?very 2-10

- minutes with prey. Mqré.than 90% of the provisioning took
blace'between‘1000 and 1800, with no obvious pea. within
this time. Nest Characteristics, types of prey and the
érogressive provisioning Qf cells QUring'a period of several-
déys are consitent with previous studies (Evans |

1957, 1966a). |

Provisioning flights were very fast and direct to the
~entrance at an elevation of 0.05-0.5m (Fig. 7). 1In the last
0.3m, the flight slowed as the wasp banked down to the
- entrance. The temporary closure was quickly removed (X=6.05
sec, N=65) and the wasp_ehtered,ishifting the prey from the
middle to hind legs (Plate 7). Rarely, the flight fook

longer because the female sat near the nest. s
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Thirty-nine of 540 flights were followed, about equally
in 1981 and 1982 (30/350 vs 9/15%0, p>0.10, Fig. 4).
Following frequency did not change significantly throughouﬁ
the day, although/a decreasing trend was noticed (Fig;-8).
Coﬁtact of the prey during a followed flight was equally
probable in 1981 and 1982 (26/30 vs 7/8, p>0.10, Fig. 5).
"Four types of followed flights were discerned; during all of
these prey were freqguently coﬁtacted. Quick and direct
flights, the same as most non—follbwed flights, océurred on
24 followed flights; all of these wefe contacted. Contact
occurred either as the female S. trilineata landed on the
prey at the nest entrance or as it entered the nest with the
wasp. On seven occasions the female wasp sat.or flew off,
returning 1-4 minutes later; 4 of these were contacted. -
Four times another\female B. americana delayed flights by
chasing the provisioning female; contact was seen 3 times.
In two cases the provisioning B. americana chased the
S. trilineata, yet on one of these¢ occasions contact was
observed. During flights that wére not followed,
provisioning females also left the area, were delayed by
other females and chased other insects. The time taken to
dig and enter was not different beLween flights where
contact was observed and non-followed flights (X=6.é§sec
‘vs. X=6.05sec, N=21,65, p>0.40). At one nest the female did
not pléce_a closure at the entrance while away hunting. An
S. trilineata followed her to tﬁe entrance and was able to

touch the prey Qith her abdomen as the wasp paused briefly
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at the entrance.

| The proportion of total flights contacted-was also
about equai between years (26/350 vs 7/189, p>0.05). Since
each cell was provisioned with 20-25 prey, all cells
contained at least one contacted prey. However, the
excavation of 12 nests produced only one fly maggot.
Contact bf a female S. trilineata was ohserved at five of
these nests two to seven days before excavation, yet only
one fly maggot was recovered. In this cell the wasp larva
pupated the next day, very few‘of the prqvisions remained
and the maggot died the next day; In the five remaining
nests, where no S. trilineata larvipositions were suspected,

- no maggots were found.

Philanthus gibbosus

Females pnggi;honed from mid-July until mid-September,
with peak numbers (15-20 provisioning females per day) in
early and mid—Aughst (Fig. 11). All nests were on the
vertical panel or on the near vertical parts of the slope;
cénsequently no nests were excavated. Usually a tempbrary
closure was in place while the wasp was away from the nest.
All prey were aculeate hymenopterans, primarily small, dark
halictid bees, but a few wasps were also taken (e.qg. Crabro
sp., Tiphia sp.). Provisioning was rarely seen in the
morning, but in the afternoon there was often a peak from

1700 to 1900. Few females provisioned more than 4 or §

times iq one hour. 1In several'nests more than one female



previsicned during one dav, and through the seascn mes:
nests were provisioned by several females. Preyv, nest site

and nest use are consisten:t with the reports ¢f Evans (31873:
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andéd Evans and Lin (°

with prey apprcachec the nesting area

t

Females return:

o
Vo]

'

Z-3m above the nests. Once nean the vertical panel thev

begar a slow step-wise descent tc within im cf the entrance.

Here they started a very conspicuous and vigcrous waggling
cf theilr abdomen, the body held at a £4t° angle tc the

1

vertical, with the head elevated, as they slowly descended

[

directly to the nest (Fig. 12). Throughout, theiprey was
clasped with the middle legs (Plate 8). After removing the
closure (X=4.8%3.9sec, N=87), females shifted the prey from
their middle tc their hind legé and walked int§ the nest.
Oc.asionally the waggle déwn to the nest was indirect or the
wasp sat in the vicinity of the nest before entering.‘ The
slow descent to.the nest by females of this species has beeﬁ
described both with (Reinhard 1924) and without (Cazier and
Mortenson 1965) the conspicuous abdominal wéggle.

Of 672 flights observed, 107 were followed, with
significantly more being followed in 1982 than 1981 (3/127
vs 98/545, p<0.01, Fig. 4). Following frequencies did not
change significantly throughout the day (Fig. 8). Contact
was observed during most flights that weré followed (73/102,
Fig. 5). <Contact occurred on the same proportion bf |
followed flights in 1981 and 1982 (8/9 vs 65/93, p>0.10).

Followed flights were very similaf to non-followed flights,
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including the cor ipicuous waggle (Fig. fé). The time taken
te reﬁove the temporary closure was not significantly
different during non-followed flights (X=4.8+3.9sec, N=87),
followed flights with&ut contact (X=4.9+2.4sec, N=19) and
fcllowed flights with contact (E=4.2:2.5sec, 1.=48; All
pairwiée Mann-Whitney U-tests p>0.10). Three types of
foliowed flights were discerned. Wasps approached the nest
_either directly or indiréctly during followed flights.
ZContact was equally probable during both types of flights -
(36745 vs 25/32, p>0.10). In a third type.-of flight (N=8),
the female wasp tufned-and chased the followiné

S. trilineata. Four of these were contacted. During all
followed flights with contact, contact -cok place either
while the wasp sat near the nest (9/54) or at the nest
entrance (45/545. When contact took place at the nest
entrance, tre S. trilineata either landed and larviposiﬁed
on the prey as the wasp removed the closure (38/45) or
entered the nest with the wasp (7/45).

The prey of eight females was collected immediately
after contact was seen. - On four of these, maggdfs yeré
visible when they were collected (Plate 9) or were obvious a
few days later. No maggoté were found on 2 non—cohtacted
prey taken from females during foilowed flights and 8vprey
during non-followed flights. 1In total, 73/672 flights were
contacted. Assuming a conservative 10 prey per cell
(Krombein et al. 1979), and that half the contacts

represented larvipositions, about half the cells provisioned
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‘included a contacted prey.

Philanthus inversus

This species was never very abundang,'with a maximum of
10 provisioning females active on any day between mid-August
and mid-September during both years (Fig. 11). Nests were
situated on partially eroded surfaces of the vertical panel,
within 'm of many P. gibbésus nests. The entrance was left
open. Over 95% of the prey takeq were male halictid bees of
the genus Agapostemon and all othe; prey were halictid bees.
In Colorado, male Agapostemon also constituted over 96% of
the prey taken by this species (O'Neill and Evans 1982).
Females rarely provisioned in the morning. In 1982 they
prqvisionéd throughout the afternoon, while in 1981 there
was a definite peak from 1700 to 1900. Individuals were
seldom seen to provision mare than 2 or 3 times in wone dgy.

Provisioning flights were characterized by their
slowness and the wasp sitting near the nest. Most flights
were fairly direct to the nest, with the wasp sitting, 1-8
times for 1-45sec (X=t1.1, N=89) on the ground, a root ér a
flower, within 2m of the nest, on 56/65 flights (Fié. 12).
Females held the bee venter up,xunder their thorax with
their middle legs. Some wasps paused very briefly at the
open nest entrance. |

Twenty eight of 109 flights were followed, with
significantly more being followed in 1982 than 1981 (4/43 vs

24/66, p<0.01, Fig. 4). Followed flights, whether contact
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occurred or not, did not differ from non-followed flights in
" general pattern or the number or duration of sits (Table 5).-
Both followed and non-followed flights were either direct or
indirect. Contact occurred during 6 of 25 followed flights
(Fig. 5), either at the nest entrance or away from the nest
while the wasp was sitting. In the remaining three
instances the‘wasp left the nesting area while being
followed and did not return to the nest in the next five
ﬁgnutes. An S. trilineata often sat and waited within
5-20cm of the wasp that it had been following, then followed
the Qasp for only a few centimeters or not at all as the
-femaie'continued toward her nest (Plate 10). QQ only one
occasion did the female S. trijlineata fly at another wasp |
while sitting near a wasp it had previously been following.
In total, 6 of 108 flights were contacted. Assuming 8
prey per cell (Krombein et al. 1979), every third cell was
provisioned with a contacted prey. One prey from a
non-followed flight and one from a followed but not
contacted flight were examined for maggots, but none were

found.

Cerceris echo

C. echo femaies provisioned from mid—July until late
August 1981 and gntil early September 1982. Numbers
increased through July to a peak of 80-100 proQisionipg
females per day in early Augﬁst and then numbers gradually

declined (Fig. 11). This was the most numerous wasp in the
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scrape for mogtwof both summers. Nests were locatéa in
hard-packed sand in the flat and sloping .areas of the
scrape. Females provisioned throughout the warm parts of
the day. When an individual was provisioning a cell it
returned every 2-3 minﬁtes with a beetle. Beetles of the
family Phalacridae were the exclusive prey, with 30-45
(X=37.5, N=6) being placed in each:c@}l, usually in one day.
The nest entrance was left open. ﬁggi details of nesting
behaviour agree with those reported by Evans (1971) and
Evans and Rubink (1978). Many females inspected the nests
of other females and frequently they usurped the nest of é
conspecific. This resulted in the usurped female usurping
another nest or starting a newbone.

Females returning to the nest with prey flew very
~slowly, carrying the beetlg by its antennae in ﬁheir
mandibles and sometimes supporting the -beetle's elytra with

their front legs. Descent from 0.5-1m in elevation was

gradual over”fﬁé‘last 2m of the flight (Fig.-12). Some
flights were direcf, while many included much meandering-and
circling of the nest entrance. Rarely the wasp sat near the
nest. The wasps landed inside the nest entrance'so‘that the
prey, still held under the thorax, was never exposed at the
entrance. :
: -

' Of 1125 flights, 47 were followed, with significantly
more following in 1981 than 1982 (18/259 vs 29/866, p<0.01,
Fig. 4). Followed flights did not differ from non-followed

flights in pattern, speed or height. Contact was observed

N
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on the same proportion of followed flights in 1981 and 1982
(7/14_95 14/29, p>0.10, Fig.-5;.- Contact was equally
probable whether the flight was direct or indirect (6216 vs
12/22, p>0.10). A1l contacfs.were recorded when the
satellite fly entered the nest with the provisioning female.
Female S. trilineata were not observed contacting the beetle
prey in flight or at the entrance. Frequently a fly would
follow a slowly flying wasp for a short distance (less than
0.5m), then return to its perch. Contacts were infreqguent
and were in about equal proportions during both years (7/255
vs 14/866, p>0.10). Since about 37 prey were placed in each
cell, 2 of every 3 cells contained a contacted prey. Six
nests were dug in the sand scrape and atla sandy area 8km
away. Thirty-three cells were found, 'but no sign of any

maggots was noted.



Discussion

As a provisioning female diggér wasp approaches her nest she
is exposed to .detection by watching female S. trilineata.
Provisioﬁing flights_could act as a primary'aefence againsf
this nest parasite and reduce the probability of detection
by mak;ng éhe wasp's approach inconspicuous. Evidence from
’this study suggests thac this does not happen since movement '
could not be avoided and satellite flies detected movement.

" Once a provisioning female is followed.by a.satellite
fly, the wasp's behaviour could deter the fly from following .
further and lafviﬁésiting'on her prey, a secondary defence. |
" In two species females exhibited behaviour‘that prolonged
the approach to ﬁhe nest anairedﬁced the probability of
larviposition.

Females of the other species displayed no fesponse to a
satellite fly that consiStentlyvdetetrea laryjposition.
Some of these species are known to have other effective

defences while others have no known defences.

Flight Diversity aiong Species as a Prinary Defence
Provisioning flights by female digger wasps were
extremely diverse in this nésting aggregation, as diverse as
those-EQans-(1970)-and Alcock (1973) have described for
other nestihg aggregations. Each of the six species studied
ﬁés.easily distinguishable by flight characteristics when
retﬁfning to the nest with prey. The spéed,‘height above

ground, directness, the angle at which. the body was held and

36
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body vibrations combined to make each species' flight
distinct. . Limited variation of these characteristics .
existed within each species, but it did not obscure the
distinction between épecies. Basea én the same
characteristics, thewklights of provisioning females were
noticeably different from the flights of nonprovisioning
females and males of-ﬁhe same species. The less common
nesting species also had distinct flights, adding fo the
diversity present. For example, females of Hoplisoides
placidus slowly descended to their nest entrances fr;m 2
‘metres straight above tleir nests, female Miscophus sp. made
short hops directly to their nests from se§éral metres away,
Philanthus pulcher females flew low and slowly, stopping
periodically as they approached their nests and female
P. sanbornil flew in at a moaerate speed and éradually
descended from a height of 1 metre as they flew the last 2m
to their nests. |

Females of some species had similar flights, flying
directly to the nest at a low elevation. Two of these
Isodont ia elegans and Ectemnius dilectus were identifiable .
by their flight spéed. Only females of two others, Bembix
americana and B-fcyntes ventral is, were difficult to .
distinguish, All wasps cqnsidered so far weré able to carry
their.relatively small prey beneath ihem while they flew.
Further diversity .in pattérn of feturn is present if wasps

. which walk with prey are included. For example, females of

Ammophila procera and Podalonia sp. which walked forward
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with caterpillars and some species of Pompilidae which
walked backwards with spider§ were present.

Flight diversity does not appear zo play a role in
primary defence because female S: tPilineatabfrequently and
consistently oriented towards, darted at and followed
flights of all of the diverse types. Observations of marked
individuals showed that individual satellite flies were
generalists in noticing and follpowing flying insects. All
.individuals_dagtéd at.and_fpllowed a wide range of insects
that were not suitable hosts, such as cuckoonwgsps
(Chrysididae), bées, other miltogrammines, muscoid flies and
pebbles (see Figs. 2 and 3). Individuals also did not
selectively ﬁotice and follow some typés of wasp flights and
.not others; they followed aMl types of flights that they ,
were exposed td. Some discrimination may take place as the
fly follows an insect, since digger wasps in general were
followed‘for a longer distance and time than other types of
insects. The flies appear to detect movement and then
approach to inspect for suitability. No pattern of movement
found in providioning flights is beyond the range of
movements detected and apprbached by female S. tﬁilineaté.
Since all types of provisioning flights are noticed and
approached,_flights can not fdﬁéﬁion as a defence which

reduces the probability of detectﬁbn, a primary defence.
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Other Factors Influencing Frequency of Following .
_.Bven though flight diversity did‘not appear to be a
primary defence, the frequency of following varied wituin
and among speoigé.‘ Several factors, such as time of day,
number of S. trilineata females present and number and kinds
of wasps present wgen provisioning took place, were probably
involved in producing these variations. Evans et aj; (1980)
presented prelimiuory evidence which suggest that CPabﬂQ
monticola may avoid satellite flies by provisioning when the -
flies are not active. I found no evideuce of any species
consistently provisioning when S. trilineata.were not
active. On several very windy or cool”days, during which
wasps did not pﬁovision[ flies we;é active.l On most days
female S..trflineata were active -before or within thirty
minutes of the first pfovisioning,wasp and until
" provisioning hod ceased (Table 2).  Occasionally one or more.
wasps provisioned when no flies vere auound' these eplsodes
vere not predlctable by tlme of day or weather condltlons.
The number of female S. trilineata preseot wliile wasps
are provisioning'probably affects the frequency of |
following. I noticed that the number of flies fluctuated
from day to day and from hour to hour, both of whxch may
“affect the frequency of follow;ng.._l d1d not quantify these
fluctuations and there are no pubiished estimates of
S. trilineata densitiéé. My subjective“impression waslthét'
~wasps were followed more frequently when more flies.wére-

present. It is interesting to note the percentage of
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all flights observed that were followed was very similar in

both years, 8.1 in 1981.and 9.6 in 1982

Another factor which probably affected frequency of
following was the number.aﬁd kinds of other wasps S
provisioning at the same time. In July 1982, when
C{.aFgusinus was the most common spécies, 28% of its flights
.wegi followed; In Augugé 1982 several female C. argusinus
‘were préQisioning aloné with many females of at leg%t‘seven
other species. Only 7% of the C. argusinus flights were‘
fgllowed; inle 19% of those.of the most‘comﬁon species,
P. gibbosus, were followed. In ly of ‘both years most of
thé'satellite flies were concentisted around the
C. argusinus nests while in August most were on the panel
near the P, gibbosus nests. Several marked flies movéa from
the_flat part of the scrape to,éhe\panel as activity on the
: panél iﬁc;easéd._ The flies concenttatéd where wasps were
active and therefore proximity of other active wasp nests

.may have affected the probabi;ity~of a waSb being followed.

-Prov&sioning Flights as a Secondary Defence

.The flights of female C. argusinus were a very
effective defence and those of female P, inversus vere a
moderétely effective defence against S. trilineata. bnce a
female S. tnilfneata is following a provisioning flight, the
- wasp's bqpaviour may function as a sgcondary defenée'against
bthe nest parasite. -Three types of possible defences.seen in

this study include luring the fly away from the nest
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entrance (Alcock 1974, T975; M;tthews et al. 1979), indirect
~progression to the nest (stop—start)fpfomoting the
-distraction of the fly (EQans_1970; Alcock 1974, 1975) and
flying at or chasing the following S. trilineata. Females
of four of the six species used at least one of these
possible defences .during some followed flights with variable
effectiveness. : ' . w s o
| The long zigzags of C. argusinus.flights were a most
effective luring defence against S. trilineata. Matthews
et al. (1979) and Evans (1960) recogni-ed that the zigzags
were loﬁger when a satellite fly followed and that they .
played a role in luring the parasite away from the nest
entra;ce. My observations confirm their interpretations,
except that I consider that the start of the final fast
bee-line towards the nest to be predictable, not
uhpredictable. .After the wasp had lured the fly away from
the nest entrance, the fly usually sat and watched the wasp.
" Then the wasp:hovered é—30cm from the sitting fly for a few
seconds before flying quickly back to the vicinity of the
nest. Thus, the start of the fast flight‘to the nest is a
prédictabie résponsé to the fly sitting down.

On a few occasions, the satellite ‘fly sat near the nest.
of a C. argusinus Bﬁt did not folléw the‘zﬁgzags. Under
'theseicircumstances the wasp performed several shoft zigzags
in front of the(fgtellite fly, presumably in unsuccessful

attempts to get the fly to follow her. This behaviour was

also seen in a few cases where another fly, such as the
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miltogrammine Phrosinella fulvicornis, was near the entrance
when the wasp returned with prey, but not in fesponse to
‘pinned ff{es.

Luring zigzags appear to be a geﬁgraphicaliy
widespread, facultative response to following flies by
female C. argusinus. At tw I three nesting aggrqggtions
Matthews et al. (ﬁ979) studied in Georgia,\satellité flies
were present éndhf?male.c. argusinus performed zigzags
duriné provisioniﬁé flights. At the third ;atell@te flies
were absent and female C. angusinuéwdid not perform zigzags. -
Some females that provisioned in June 1982 at my study site,
when very few female S. trijlineata were active, employed
flights which lacked zigzags. |

The proportion'of the eight contacts that were actual
larvipositiéns is“ﬁot known for C.‘éfgusinus. Two of these
occurred in fiight, just before the wasp entered the nest.
Female S. trilineata are known to successfully larviposit on
the prey of other sphecids at this point (Ristich 1956;
Peckham 1977). Most of the contacts occurred when a
S. trilineata followed the female into her nest.

Immediately after the>C. argusinus pluﬁged_through her nest
entrance the prey trailed behind the abdomen. It was
USually.visiblé for- 1-2 seconds, long enough for
larviposition fo.occurfr In all the other’species studied,
except Cerceris echo, the prey is exposed in a similar

manner as the wasp entered the nest. Thus many of the

contacts recorded with the S. trilineata fbllowing the wasp



into the nest érobably resulted in la;viposition. For

C. argusinus and the other five species‘studied?:the ratio
of contacts to larvipositipns 1s not known but 1is assumed to
be species specific.

For flights to function as a defence against nest
parasites they must reduce the probability of contact. Even
ﬁhgugh contact may not equal~@arviposition, it is a -
necessary firs; step fO{ parasitism to occur. Nest
excavation revealed that 3 of 24 C. argusinus cells were
pfobably parasitized by S. trilineata, very close to thé
prediction of 1 in 13 cells. 1If all followed flights héd’
féSUlted in a larviposition, every cell provisioned would
have been parasitized. Even if only half of the‘followed
flights had resulted in a contact, 3 of every Z cells
provisioned would have contained a contacted prey. Thé long
zigzags dramaticaliy seduced the probability of
larviposition and therefore the mortality of C. argusinus
larvae due to nest parasitism. ‘

Alcock (1975) considers the re%ponses of females of 5
species of Philanthus to satellite flies to be luring
flights. However, data that can be used to assess the
effec. veness of .luring‘as a defence is available onlvaor
P. multimaculatus. Alcock (1975) observed 17 flights, 9 of
which wefe followed. During eight of the followed fiight§,
the wasp flew away from the nest with the fly~§oilqwing. -
During 3 of the 9 followed fliéhts,';hé prey was contacted.

Therefore a§§§% 1 in 6 prey provisioned probably harboured a
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maggot and, assuming a conservative 6 prey per cell
(Krombein et al. 1979); all ceils may have been parasitized.
The luring flight does not appear to reduce the probability
of larviposition Eo a low level in this species under the
conditions reported.

The luring flights of females of three other species
appeared to be responses to many types of disturbances.which
only incidentally deterred a following S. tFiIineata.' 
 Female P. gibbosus were consfdered by Alcock (19%5) to have
a luring response to satellite flies. He based this on '
Cazier and Mortenson's (1965) report of a female flying away
ffom her nest when being followed. In this study only a few
P. gibbosus flew from wvery close to their nests to a spot
1-3m away when they were followed (included as indirect
flights in analysis). Females of two other species,

B. americana and 0. uniglumis,'also occasionally responded

to being foliowed by flying away from their nestssg
. .

et al. (1973) reported that female Q. uniglUmi55§§ ‘times

Reckham

flewiaway from their nests when folloﬁed and in some
inst;hces dropped the prey they were carrying. 1In all three
of these species, a flight away from the nest was a common
wreéponse to a variety of -disturbances, such as the approach
of a robber fly, a foot print on their nest, being charged
by a male wasp or béing followed by a satellite fly. 1t
does not appear :0 be a flight response speéificlto a ‘.
following S. tPilineéta. This ‘response may incidéntally

deter the following satellite fly in some instances. A

LY
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modification of this type of general response and an
increase in its specificity towards female S. trilineata may
have been the origin of the luring flights of C. argusinus
‘and some species of Philanthus.

The interruptions (sits) in‘the flights of some
Philanthus females, similar to those of P. inversus feméles,
are thought to distract following satellite flies. Both
Evans (1970) and Alcock (1974) have watched a satellite fly
sitting behind a motionless female P. crabroniformis, fly
off after another wasp, allowing the first to procéed to'its
nest unattended. This was seen only once in this stuay.
More freqguently the fly appeared to lose interest in the
provisioning female as the'time taken to get to the nest
increased. Often satellite flies would fly off while the
wasp was sitting, or just as she started to fiy, not to
follow another wasp, but to sit on,a nearby perch. The slow
approach, including sits, promoted the following
S. trilineata to lose interest during the provisioningj £
flights of this species. Both follow;d and non-followed
flighté had a similar number of sits. This suggests that
the stops aré a defence that is always in place, possibly
‘becauée of the slowneés of the approach and the
inconsp.cuousness of female S. trilineata.

The effectiveness of the flight.of P. jinversus as a
secondary defence is not eas} to ascertain. Only
one-quarter of the followedAf}ights resulted in a contact.

: 0
One in 3 cells probably weTre parasitized, compared to all
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cells if all followed flights had resulted in a contact.
Therefore the stops are moderately effective. For other
species which employ stop-start flights, little data have
been preésented to confirm their effectiveness. Only for
P. multimaculatus, which uses both stop-start and luring
flights, are quantitative data presented and as discussed
earlier the flights of these females do not appear to reduce
the probability of larviposition. The effectiveness of this
defence may depend on the number of satellite flies and the
. number. of wasps provisioning at the same time if the flies
are to be diétracted. The importance of stops during the
approach‘on followed flights is equivocai, being a
moderately effective defence in P. jinversus, and apparently
unimportant in P. mult imaculatus. |

| A rare respor to being foFlowed by females of three
species, 0. uniglumis, B. americana and P. gibbosus, was to
turn and chase the following S. tPiIineafa. Two of these
are fly hunters and are known to infrequently take
miltogrammines as prey. This may have enhanced the
probability of the satellite fly-ceasing to foll§w the wasp.
Females of all three Pf these species responded to other
wasps.aha passing inséété in ﬁhe same manner during some
provisioning flights. This response, as wiﬁh flying away
from the nest, appears to be a reéponse to mény disturbances
rather than a specific.defence against satellite flies. The
chase may incidentally éause the §. trilineata to stop

following and thereby reduce the chances of larviposition.
. : =
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Diversity of Provisioning Flights as a Secondary Defence

Three types of followed“flights Qeterred S. trilineata
from contacting the wasp's prey with yariable effectiveness.
The effectiveness of each of these responses appeared to
depend more on,fhe behaviour of female S. trilineata than
the presence of other types of responses. For aspect
diﬁersity;to function as a defence an enemy must 1) use
different cues to recognize each prey type or é) not be able
to recognize the modified cﬁes displayed by each type of‘
prey. Female S. trilineata used two aspects of wasp
provisioning flights " hich were common to all of the diverse
flights. First the satel}ite fly noticed movement, whether
1t was a walking, flying;‘fast or slow insect. Wasps cannot
_completely conceal their movement from a nest parasite that
notices virtually all insect movement. The source of
movement was followed if it was a wasp or wasp-like insect.
Next, satellite flies appeared to cue in on a potential host
if in its behaviour it resembled a iasp descending to and
entering a hqie._ Contacts were attempted when wasp-like
epeocline bees and even unwasp-like halictid bees entered
holes. C. argusinus wvere followed into their nests by
satellite flies tﬁet just seconds eerlier had ignored

\

zigzags, normally‘a.very poverful stimulus. 1In contrast to
a wasp entering a nest, prey items or nest holes alone were
of little interest to a fly and did not prompt
larviposition. Individual female S. trilineata were able to

and did contact wasps and other aculeates during many
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diverse types of flights. The only way a wasp coﬁld\cod&eal
its entry :to its nest, from such a generalist, would be not
to enter. The variation possible is limited to the speed at
which the wasp approaches and enters. Aspect diversity will
not work as a defence agginét a generalist nest parasite
which cues in on the two essential and constant aspects of
its host's behaviour that cannot be easily disguiséd;

movement and entering the nest.

Convergent Provisioning Flights as a Secondary Defence -

Three types of flights weré recognized among those
flights that deterred contact by female S. trilineata, but
two of these appear to converge on a similar patterh.‘ The
flight patterns of female C; argusinus and P. jnversus
appéar to converge on the same tactic, prolonging the flight
to the nest. The slow flights of P. fnverOs and the 1long
zigzags of C. aﬁguéinus were followed for long periods of
time compared to the flights of the other species. Female
S. trilineata lost interest in these flights;as time passed
and the wasp did not enter a nest. These wasps delayed
their approach and entrance to the nest, thus aepriving the
fly of an immediate stimulus to larviposit and effgcfively
reducing its impact on the 'wasp.

Two other types.of flichts may deter larviposition by
female S. trilineata, although they ire not well documented.
First, the waép could outmanoeuvre the satellite fly.either'

with speed or manoeuvrability. The fast bee-line to the'
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nest in C. argusinus and some Philanthus females (Alcock
1975) may f%nctibn in. this way. However, saﬁellite flies
appeared to-be just as fast and.manoeuvreable as the
sphecids in flight and were capable of following the‘
bee-line of C. argusinus. Secondly, an aggressive charge at
the following fly might also det;r larvipdsition. As noted,
it 1s likely to be most effective for species whicﬁ are
gapable of harming the fly.  These two types of flights
appear to be of questionable value éhd are little used.

The flight patterns that are most effective and
prevalent in deterring farvipésition by female S. trilineata
appear to have convérged on tactics that cause the fly to
" lose interest in the flight befor; the wasp arrives at the
nest entrance. The importance of other types of flight
responses which deterred larviposition is probably minimal
due to their infréquent ocCu:rence. ~Although this might be
interpreted‘as,convergence on prolonged flight patterhs, as
Aiqock (1975) étates; more comparative data from a wider
variéty of sphecids are needéd to assess the amount of
convergence. My data suggest that the effectiveness of the
flights of C. argusinus and P. inversus does not depend on
thé presence of other types of £lights in the nesting site.
Therefore, these flights should be just as effective in
singlé species nesting aggregations as they are in

mul;ispecies nesting aggregations.
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‘Provisioning Flights not Involved in Defence

The provisioning flights of four species did not appear
to be involved in defence against satellite flies. Females
of these.species all flew directly to their nests and showed
no consistent response to being followed by a fgméie
S. trilineata. 1In 3 of these species, a high percentaée of
followed flights resulted in contact.

0. uniglumis females,'the one exception, were rarely
followed and relativély few followings resulted in contacts.
The following S. trilineata often only darted at or followed
the wasp briefly. Qn the surface, this species appears to
be very susceptible to larviposition. Being carried on the
sting the prék.is very exposed, especially during the few
seconds‘iﬁ tékes to remove the tempérary closure of the nest
entrance. Despite this, only 6% of the cells provisioned
probably contained a contacted prey and none of the 29
excavatéd cells were parasitized by S. trilineata. Other
studies of this species confirm that miltogrémmine
parasitism is prevalent, yet S. trilineata is infrequently
responsible (Evans 1970; Peckham et al. 1973). The reasons
why parasitism was so infrequent in this study are not
clear. Perhaps other wasp species diveftedbthe attention of
S. trilineata from 0. uniglumis or the flies recognize this
species as a potéhtial predator'éhd avoid them.

'All cells provisioned by female B. americana probably
_contained contacted prey because many flights were followed

ard most followed flights resulted in contact. However, all
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of the nestsﬁexcavated'contained a healthy wasp larva, and
only one impovﬁrished maggot was recovered. S. trilineata

. are often found in the nestin§ aggregations of this species,
but are rarely reported as nest parasites (Allen 1926; Evans
1957, 1966a, 1970). ' The general lack of miltogrammine
parasitism has been attributed to progressive provisioning
(Evans 1966a). Prey afe brought to the cell over a period
of several days as the wasp larva develops. In most |
sphecids, prey are provisioned, the egg layeé and the cell
closed inri day or rareix 2. Therefore when a first instar
milterémmine larva is introduced into most sphe&id'nests,

it is larger and more active than the wasp egg. The maggot
Acan thgg}outcompete the wasp larva for food or in many cells.
consume the wésp egg (Evans and Kurczewski 1966; Evans

1958), With progressive provisioning, only a few prey are
provisioned when the wasp larva.is smaller than the first
~instar miltogrammine maggot. Most prey are provisioned
after the wasp larva is larger than the maggot, probably
resulting in the waspvconsuming or outcompeting the maggof.
Some S. trilineata larvae may be successful if they are
introduced very early in the nesting cycle. There may also
be a very'short period of time during whicﬁ introduction may
result in the‘survival of both the wasp and the fly (Evans
1966a). Healthy wasp and miltogrammine larvae have been
found in the cells of two progressive provisioning wasps,
B. americana-and Rubrica surinamensis (Rau and Rau 1918;.

Evans 1957, 1966a; Evans, Matthews and Callan 1974) but such-
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occurrences haQe not been recorded in éhy sphecid which does
not provision progressively. Progressiye provisioning is
probably a very effective post-larviposition defence against
miltogrammines, but there is still no direct evidence on how
the wésp larva and the maggot interact in the nest. |
Behaviour .of female P. gibbosus during provisioning
flights was extremely conspicuous, especially the:-abdominal
waggle. . Widely separated populations employ this wéggle
(Rginhard 1924), while other populations do not- (Cazier and

Mortenson 1965). The function of the waggle is paradoxical

"because it appears to attract and keep the attention of

female S. trilfneata, a known nest parasite (Reinhard 1924;
Cazier and Mortenson i965; Barrows. and Snyder 1973).
Provisioning fiights were frequently folloued[‘but the
flight patfern dig not change in response. to the satellite
fly. | | .

On most followed fliéhts the prey was.contacted and
maggots were later found on haf§bqf the prey checked. One
of every 2 cells provisioned prdbably contained a prey with
a miltogrammine larva. Assuming half the contacts resulted
in a parasitized cell, this would result in a higher
frEqueqcy'of'nest parasitism than has béen reported for any
species in the genus Philanthus (Evans and Lin 1959; Evans
1970).

It is likely that a post-larviposition defence exists
in species such as P. gibbosus where most followed flights

result in contact. In this species grooming of prey by
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females may be such a defence. 1 observed one female
probing her contacted prey with her moﬁthpafts while in a
collecting net. quéequently I failed to £’ .2 a maggot on
this bee. ‘Similar probing or malaxéting beltaviour has been
observed in several sphecids (e.g. Chlorion aerarium,

| Prionyx parkeri, Liris nigra, Tachysphek teﬁminatus, Peckham
and Kurczewski 1978; Steiner 1971,T1982; Spofford

et al. 1982). 1In these spécies malaxation has many"
functions from drinking and feediﬁg to preparation of
egg-laying site and possible removal of other feméles eggs
or miltogrammine larvae from the prey. Many female digger
wasps, including P. gibbosus will usurp the neslr(Evans
1973; pers. obs.) and presumably the nest contents of other
females,éf the same speciés. When this occurs there would
~be an advantage to grooF prey and theréby remove the egg of
the previous nest occupant. If all prey were probed,
probing took place soonléfter contact and much of the pr;y's
body was probed, miltogrammine larvae would also bekreméved
to the advaﬁtaée of the grooming female.

The flights of Cerceris echo were followed infrequently
and about half of the followed flights resulted in contact.
Fémales did not respond to the following fly, but the fly
‘often ceased t§ follow the slow fligh£ before a wasp arrived
at her nest entrance. Satellite flies may_ -have paid iitgigftj"

attention to this species because of the numerous

nonprovisioning females and males present, which may have = &*

promoted habituation towards this species. Two out.of every
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3 cells provisioned contained a contacted prey, yet no
maggots were found in_the 33 excavated rells. 1In thé only
other studies of this spe;ies, no magg . were féund in 7
cells (Evans 1971; Evans and Rubink 1978). Something is
preQenting S. trilineata ffom successfuliy.parasitizing this
species. The prey is very well protected under the thorax '
during the return flight and this may, as Evans (1963) has
suggested, result in S. trilineata being unéblé.to deposit
larvae on the prey. All contacts observed for this'species
occurred when the fly entered the nest with the wasp, where
contact with a well protected prey.may.be impossible. It is
also possible that Senotainia maggots either can not enter
the beetle prey to start to feed or that most beetles are
gnpalatable to these maégots. Taking beetles a; préy may
function as a defence against miltogrammines in these ways }
because miltogrammines, eépecially"S. trilineata, are almost
never reared from the nesté-of‘beetlé hﬁnting Cerceris.

({Evans 1971; Krombein ét~al. 1979).
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Conclusion
Nest parasites, such as S. trj]ineata, are thought to

be one of the most important factors shaping the behaviour
of female digger wasps (Evans 1966a, 1970; Evans and
Eberhard 1970). Most species'of sphecids that have been
'intensively étudied exhibit some ﬁype-of defence agaipst'
nest parasites (e.qg. Tsuneki 1963; Evans 1966a, '1970;
Peckham 1877). Many digger wasps have evolved some type.of
defence against S.»tPiIineata; although the exact form
.varies érea:ly. Most types of flights are detected by S.
trilineata, therefore effective defences must reduce the
probability of iarviposition or the impact of maggots in the
nest. -Proyisioning flights by females of two of the species
studied appear to have evolved characteristics thaf\?@téfred
saéellite‘flies from 1arvipositing on their prey. 1In those"
species where'females did not use provisioning flights as a
defence, some other behavioufél defencé‘is either known
(B. americana, progressive pfo&isioning, Evans 1966a) or
suspected (P. gibbosus, prey grooming, Cerceris echo,
inaccessible prey carriage, pers. obs.).

| The wasp populations that S. trilineata are exposed to
have influenced the behaviour of this parasite.  Female |
S. trilineata aré generalists. They noticé,'follow, and
most importantly, parasitize alwide?range of sphecids. Host
-populatidﬁs fluctuate within and between years due to
‘changeé in prey populatioﬁs,'parasite populations and the

‘influence of weather. The sites of nesting aggregations



56

also change over the years. The spectrum of hosts available
is constantly changing and this may have led to the lack of
speci;lization in the searching behaviour of female

S. trilineata. There has been little opportunity to evolve
a counter defence against an effective defence of any one
wasp specieé.

The interactions between host and para;ite are
vnécessarily constrained by many biotic and abiétic factors.
Each species 6f wasp has evolved a slightly different
defence beéa/ e of its uhique evolutionary constraints.
Availability of prey and‘nest sites vary among species, as
do the capabilities for flight and the impact of other nest
parasites. These have all affected what typé of d=fence

against S. trilineata has been evolved in each species of

digger wasp. The defences against a parasite exhibited by a

—

group of digger wasps will be similar K if their evolutionary
comstraints are similar. If their evolutionary constraintsg

are dissimilar the defences will be dissimilar.

3
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Table The number cI lema.e wasps, nests and feme
Senotairia trii neata marked with :ndividual.ly :Zencifiiacle
marks. '
SE S8z
wasrs Nes:s wasgs Nests
Oxybelus . E g SE TE3
urigluris: ’ o
Criabro o 23 <3 ¢ 20
2 f [ .
ms 1us e L:{afx
SR L
Bemb i x ‘ “hE - 10C B ¢z
kazf_rericana T
Philanthus Zz 65 53 56
gi1bbosus N
Philanthus 0 12 16 18
inversus
Cerceris echo 1 5 124 121
Senotainia B ¢ 107

trilineata
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Table Z: The time ¢f 7 rst and last activity cf Iemale
Senotzi~ia trilineata ¢ .pared tc thenfirst and las:
grovisioning times oy female cdigger wasps. All Zatc .
from 1S88Z.,. Preovisicning was infreguent I the firs -
~ast 30 minutes.
o Number cf =
First f£lv present fcr more than s
3C minutes beicre first preovisioning
First fly present £
befcre first prov : .
First fly present :-30 minutes g
afrer first provis:ioning
First fly present more than : C.
30 minutes after first provisioning
Last fly present more than : : 3
30 minutes before last provisioning
Last fly present 1-30 minutes : - 9
before last provisioning
Last fly present 1-30 minutes - 6
after last provisioning
Last fly present more than : 6
30 mirutes after last provisioning :
Y e -_--. i . i . ./
. <
- L T" el
- \ J ‘ e " ;)
T2

3’
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Taple Z: Aculeate Hymenoptera that markecd f{emal
Senotai~ia trilineata contacted or attempted t

Letters refer tc indivicdual flies; some cf which & sc
representec n Filg.
S. trllineata Aculeate Hivmenoptera
Withcut prey Carrving prey
E Bicyrtes ventralis
F Bembix americana,
Philanthus gibbosus
L Eumenid Wasp Lyroda sp.,
' Philanthus inversus
S ' Bicyrtes ventralis,
Cerceris echo
T P. gibbosus ~ P. gibbosus
U P. inversus - Ammophiia sp.,
’ P. gibbosus
v Sphecodes sp. (Bee), P. gibbosus,

Ectemnius dilectus » Cerceris echo
P. gibbosus, . :
Eumenid Wasp

W’ . O P. gibbosus

X Epeoline Bee, Bembix americana

Bembix americana

B P. inversus
Eumenid Wasp Lyroda sp,
‘ P. inversus
AA Andr 14 Bee P. gibbosus
BB Megachilid Bee _ P. gibbosus,
Epeoline Bee P. inversus
cc Meg&éhilid Bee ' Cerceris echo

Bembix americana

L)
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Tzble ©. The duration and number of stops during

pro 1..oning flights by female Philanthus inversus that were
not followed, followed with no contact or followed with
contact

Nonfollowed Followed: Followed:
no contact contact
Mean -
Duration of ' 11.1+411.0 11.7+14.0 10.4%211.,5
Stops(sec)x* (N«89) (N=36) (N=12)
Number of
Stopsx*=*
0 9 2 0
1 32 4 3
2 14 2 1
3 5 2 2
4 2 1 0
25 3 3 1

* For all three Mann-Whitney pairwise tests p>.10.

** A Kolmogorov-Smirnoff two-sample test showed no
significant difference in the distribution of the number of
sits between nonfollowed and all followed flights, p>.10.
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Figure 2: The reaction of individual marked female
Senotainia trilineata to five types of aculeate
hymenopterans flying through a .5m*® field of view in front
of the S. tr/lineata. -
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Figure 3:

Summary of responses by all marked female

Senotainia tril fneata to pebbles, dipterans and aculeate
hymenopterans passing through a 0.5m? field of view in front

7% of Exposures
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of each female. * denotes females carrying prey. Sample
sizes are indicated. \
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Figure 4: The percentage of provisioning flights that were
followed by a female Senotainia trilineata in 1981 and 1982.
* indicates a significant difference in the frequency of
following between years at the 0.05 level. :
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Figure 6: The maximum daily number of provisioning female
Oxybelus uniglumis, Crabro argusipus and Bembix americana
present during a ten day period beginning with the dates
indicated on the X axis.
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Figure 7:

The typlcal pattern of provisioning fllght¢ of
Oxybelus uniglumis, Crabro argusinus and Bembix americana
females. All are top views.
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oning flighte of female

inus, Bembix americana and Philanthus gibbosus
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Figure 9: The number of ‘zigzags performed dur1ng
non-followed (N=147) and followed (N=395) provisioning
flights by Crabro argusinus females.
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Figure 10: The lengﬁhs “-‘zzozags perf or'ned ;,«L:Anc'
non-followed (N=260) and ‘ollowed provis ‘f‘:& ng fu,é'ﬁws by

female Crabro argusinus L
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Figure %!': The maximum daily number of provisioning female
Philanthus gibbosus, P. inversus and Cerceris echo during.a’

ten day period beginning with the dates indicated cn the X
axis. : '
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Figure 12:
Philanthus gibbosus. P.
O nest entrance.
----slow flight with abdominal waggl
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Plate ':.- The study site in Wr:ting-on-Stone Provincial
Park; the flat portion cf the sand scrape s in the centre,
the slope and vertical panel tc the left and the M.lk River
tc the southeast in the backgrcunc. '




_Plare 2:
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Plate 3: Application of an individually identifiable mark
to the thorax of a female Cerceris echo. 1In 1981, most
wasps were an#ésthetized while belng marked, whrle in,1982
none were anaesthetized. :
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A marked female Sgnqtainia tbilineata
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Plate 5: Female Oxybelus uniglumis carrying an anthomyiid
'fly on her sting. She is removing the temporary closure of
hers~nest entrance with her front legs.
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Plate 6:
carrying

PR
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Female Crabro argusinus dt her nest entrance,
a dolichopodid fly as prey. ' :
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a)
Plate 7: Female Bembix americana entering her nest, with a

bombyliid fly as prey. Note how the prey is exposed as the
wasp enters the nest. '
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Plate 8: Female Philanthus gibbosus carrying an halictid
bee. She has just landed; the covered nest entrance is
directly below her mandibles.
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Plate 9: Halictid bee taken from a female Philanthus

- gibbosus immediately after a female Senotainia trilineata

contacted the bee; Note the four white S. trilineata
maggots attached.in a clump near the tip of the abdomen.

A
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Plate 10: A female Philanthus inversus stopped within 0.5m
of her nest. She i1s being watched by a female Senotainia
trilineata sitting about 30cm behlnd her. The wasp is
carrying a male Agapostemon bee .
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