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Abstract

The nesting behaviour of the cockroach-hunting solitary wasp Penepodium luteipenne (Fabricius, 1804) is
described, including five different nesting tactics: digging of new nests, use of pre-existing burrows in the
soil, brood parasitism of open nests, brood parasitism of closed nests, and nest usurpation. Observations
of a peculiar female territorial behaviour are also provided. Knowledge of the behaviour of other species
of the tribe Podiini is summarized and compared with the behaviour of 2 luteipenne. This study is based
on nesting females observed in the Biological Reserve of Pogo das Antas, an area in southeastern Brazil
covered by Atlantic Forest.
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Introduction

The genus Penepodium Menke, together with the genera Podium Fabricius, Trigonopsis
Perty and Dynatus Lepeletier form a monophyletic group of Neotropical cockroach-
hunting sphecid wasps (Bohart and Menke 1976, Ohl 1996a, b), currently classified
as the tribe Podiini (Pulawski 2011a). The biology of the Podiini is known from short
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notes on some species (see Pulawski 2011b) and a few more extensive studies (e.g.,
Williams 1928, Eberhard 1974, Ribeiro and Garéfalo 2010). In the present paper the
nesting behaviour of Penepodium luteipenne (Fabricius, 1804) is described, including
five alternative nesting tactics and a peculiar female territorial behaviour. Some aspects
of the knowledge on the behaviour of the Podiini, especially motor patterns concern-
ing nesting activity, are summarized, and compared with the behaviour of 2 luteipenne.
Larval behaviour and development of 2 luteipenne was described by Buys (2009a). The
presently studied species (the same as that previously studied by Buys 2001; 2009a; b)
may not be the same as the species studied by Williams (1928) in Amazonian Brazil, as
P luteipenne (S.T. Amarante, personal communication). Even so, | here use the name
P luteipenne to refer to both of these biological entities, pending the completion of a
revisionary study of the genus.

Methods

The study was carried out in the Biological Reserve of Poco das Antas (20°30'S,
42°15"W; cities of Silva Jardim and Casimiro de Abreu, Rio de Janeiro State), an
area in southeastern Brazil covered by the Atlantic Forest. The area was visited every
month from December 1994 to February 1997, with additional, sporadic, observa-
tions in 2001 and 2002. The complete construction and provisioning of about 90
nests of Penepodium luteipenne was observed, and several other nesting females were
observed during various phases of the nesting cycle. Some females were marked with
rapid dry enamel to facilitate individual observation. Coloured dots were placed
on the dorsum or on the legs of the wasps with a small paintbrush while they were
digging or closing their nests. It was almost always possible to mark the wasps with-
out interrupting their activities. Prey items were measured with a micrometer and
weighed with a digital balance while still alive. The prey items were put in transpar-
ent plastic sacs and carefully compressed in order to immobilize them for measure-
ment. Voucher specimens of adult P luteipenne and its prey items, as well original
field notes and photographs, were deposited in the entomological collection of the
Instituto Oswaldo Cruz (Rio de Janeiro, RJ) (Sandor Buys Collection - SB). Addi-
tional voucher specimens were deposited at the Museu Nacional - Universidade Fe-
deral do Rio de Janeiro (Rio de Janeiro, R]) and the Museu de Zoologia - Universi-
dade de Sao Paulo (Sio Paulo, SP).

Results

Habitat, nest structure and daily nesting activity

Nesting females were found at horizontal sites, without litter or low vegetation, on
unpaved roads that crossed forested areas. The nests consisted of single celled bur-
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rows 3—5cm deep (n=15), with a narrower entrance tunnel 5-10mm in height (n=5).
In cross section, the cells were circular with 12—15mm (n=8) in diameter, and the
entrance tunnels were elliptical, the major axis with 9-12mm (n=16) and the minor
axis with 6.5-8.5mm (n=16). Females usually appeared on the nesting site between
8:00-10:00 hrs and ceased activity from 16:00-18:00 hrs. They commonly remained
rested on the ground at sites exposed to the sun before initiating activity, presumably
to warm up.

Nesting site selection

Females selecting a nest site initially walked on the ground antennating the soil. They
initially dug in several sites, and inspected crevices and other soil irregularities with
their mandibles. Occasionally they entered nests of conspecific females or, more rarely,
the nests of other ground-nesting wasp species. Usually, the females dug a number
of short burrows before digging a nest. They did not close these abandoned tentative
burrows.

Digging of new nests

When digging a nest a female Penepodium luteipenne cut the soil with her mandibles,
accumulating lumps of earth in their mouthparts. She then stepped aside about 2—4
cm and tossed the earth a short distance with a flip of her head. A female would dig
from opposite sides on the same axis. After digging for a few minutes on one side, she
turned 180° and continued the excavation on the opposite side. The excavated earth
thus formed two semi-circular mounds around the nest entrance (Fig. 1). Females peri-
odically interrupted their excavations and left to gather water, which they regurgitated
on the excavation site, apparently to soften the earth.

Nesting in pre-existing burrows in the ground

Female Penepodium luteipenne commonly reused pre-existing burrows. These almost
always were old nests of conspecific females. The females usually found the old nests
partially filled with earth, the remains of prey, and an empty cocoon. They spent
some time excavating the burrows to recondition them. Although it was not pos-
sible to securely define the frequency of reuse of pre-existing burrows during this
study, I estimate at least 25% of the observed nests were reused nests of conspecif-
ics, and quite possibly more. Reused nests were recognisable because remains of
cockroaches and the characteristic cocoons of P luteipenne (see Buys 2001, 2009
for cocoon morphology) were found in the mounds of excavated earth left around
the entrance.
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Figures 1-5. Nesting behaviour of Penepodium luteipenne | Digging of the nest, the accumulated lose
earth around the nest entrance is the earth excavated from the burrow 2 stinging of the prey 3 oviposition
(setae in the wasp’s front leg) 4 placement of the prey into the nest 5 female pushing a prey stuck in the
nest entrance, using both the front and mid legs, and the opened mandibles.

Brood parasitism in open nests

Brood parasitism in open nests was observed twice. In the first case the female entered
the nest of another female while she was absent and found prey items. She reacted
quickly, moving her body and antennae, and performed the following behavioural
sequence: (1) grasped one cockroach with her mandibles, (2) pulled the cockroach
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outside the burrow, (3) stung it, (4) ate the egg of the host wasp, (5) laid her egg on the
prey, (6) reinserted the cockroach into the nest and (7) departed. The host female later
closed the nest apparently without perceiving the violation of her nest.

In the second case, the female followed the same behavioural sequence described
above, but differed in that when she checked the base of the forelegs of the prey
taken from the nest she did not find an egg of the host female, she laid her own egg
on the prey and departed. Later the host female arrived at the nest with one more
prey item and oviposited on it. The parasitized nest was thus left with two prey items

bearing eggs.

Brood parasitism in closed nest

Brood parasitism in closed nests was observed three times. The cleptoparasitic females
found recently closed, provisioned nests of other females. They opened the nest plug
and followed the same behavioural sequence described above for brood parasitism in
open nests (inclusive of eating the host egg), with the additional step that the clep-
toparasitic female closed the nest herself.

Nest usurpation

Effective nest usurpation was observed only once, but agonistic behaviour among nest-
ing females that apparently were attempts at nest usurpation was often observed. In the
one unequivocal case of nest usurpation, the usurping female repeatedly approached
a nesting female, who had been marked with enamel on one leg. Both wasps reacted
aggressively, charging each other and sometimes rolling with each other on the ground.
The resident female had placed two prey items into the nest, one of them with her egg,
but she finally abandoned the nest, apparently due to the persistent aggression of the
usurping female. The usurping female did not remove the original prey items from the
nest but instead placed two more cockroaches in the nest, on one of which she laid an
egg. The nest was thus left with four prey items, two of which bore eggs.

Nest provisions

The prey items from 64 nests were collected: 31 nests with one prey item, 23 nests with
two prey items, seven nests with three prey items, and three nests with four prey items.
A total of 109 epilamprine cockroaches (Blattodea: Blaberidae) was collected from the
nests: 19 adults of Poeciloderrhis catharina (Shelford, 1910); 10 adults of P basistriga
(Walker, 1868); five adults of Poeciloderrhis sp.; 69 nymphs probably of P catharina;
and six nymphs probably of P basistriga. Morphometric features taken from live prey
items are summarized Table 1.
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Table I.Length, width and biomass of prey species found in nests of Penepodium luteipenne (minimum,
mean and maximum in millimetre).

Length N Width N Biomass (g) N
Poeciloderrhis catharina (21.7) 24.3 (25.5) 08 (10.4) 11.0 (12.2) 08 (0.26) 0.40 (0.68) 19
Poeciloderrhis basistriga  (14.0) 18.1 (25.0) 05  (07.0) 9.7 (11.8) 05 (0.13) 0.30 (0.46) 08

Epilampra sp. (23.1) 24.5 (26.0) 02 (10.0) 10.6 (11.3) 02 (0.15) 0.26 (0.37) 02
Nymph type 1 (13.0)18.3 (27.5) 46 (06.0) 10.2 (12.0) 46 (0.09) 0.21 (0.36) 66
(P catharina?)

Nymph type 2 (17.5)17.9 (18.3) 02 (09.5) 09.6 (09.7) 02 (0.16) 0.25 (0.36) 05

(R basistriga ?)

Prey transport

When transporting prey, a female Penepodium luteipenne initially grasped the an-
tennae of the cockroach with her mandibles and dragged it, its body on ground,
while walking forwards. The prey remained under the wasps’ body, usually venter
up. The females sometimes flew while carrying their prey, but the flights were
rather clumsy and usually only in straight lines. On these occasions, a female
would grasp the antennae of its prey with her mandibles and appeared to hold its
body with her legs. The length of the flights seemed to be related to the distance
of the prey from the nest and to the size of the prey. Usually longer distances were
traversed in flight, especially when it is necessary to pass over areas with vegetation
or abundant litter. On the other hand, the females had difficulty flying with larger
prey items, so flight length decreased with increasing prey size. Thus, large prey
items usually were carried on the ground or with a set of short flights, while small
prey items were commonly carried by long flights.

Prey paralysis

The duration of the effects of the wasp’s venom on its prey was relatively brief as
cockroaches collected from nests just after closure were able to walk. Although the
prey items transported by females apparently are always under the effect of its ven-
om, suggesting that they sting the prey during the hunt, a female commonly stung
again its prey at the nest site before placing it into the burrow. When stinging its
prey a female grasped the pronotum of the cockroach with her mandibles, and stung
the roach in different points on the ventral surface of its body (Fig. 2). Small prey
specimens were immediately paralysed after the sting but females frequently needed
to repeatedly sting larger prey items to subdue them before ovipositing on their
body and placing them in the nest.
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Oviposition

A female laid its egg on its prey before inserting it into the nest. This usually was done
within 20cm of the entrance. Oviposition involved the following stereotypical behav-
ioural sequence (Fig. 3): (1) the paralysed cockroach is placed dorsal side up; (2) the
female wasp faces the cockroach; (3) she grasps the cockroach with her front and/or
the mid legs; (4) she extends her hind legs, raising the anterior portion of the prey in
a manner so that the prey body makes an acute angle to the ground; (5) she bends her
gaster so that the tip of her metasoma reaches the region between the forelegs of the
cockroach; and finally (6) oviposits behind one forecoxa. The eggs were always laid on
the last prey item brought to the nest. Oviposition on this sheltered place probably re-
duces the probability of the cockroach dislodging the egg when it wakes from paralysis.

Placement of the prey into the nest

The females inserted the prey into the nest with its head inward. They positioned the
head of the cockroach at the nest entrance and, extending their long hind legs, pushed
the prey into the nest (Figs 4-5). The females use their front legs and mandibles to
manipulate the prey, and their hind legs to maintain their own body on the ground
(Figs 4-5). The cockroaches were difficult to maneuver within the nest because their
widths were almost as broad as that of the nest cells (see Table 1). Frequently, the width
of the cockroach was too large and they became stuck in the nest entrance. On these
occasions, the females usually spent a long time attempting to push the prey into the
nest. The wasp pushed with its mandibles open, using both its front and mid legs as
well as vigorously beating its wings, apparently to increase its strength (Fig. 5). If this
attempt failed, they tried to pull the cockroach out by grasping one of its legs, wings
or the tip of its abdomen. If this was unsuccessful, they alternated pushing and pull-
ing the prey. A total of 28 abandoned nests were found with cockroaches stuck in the
entrance, some of these bearing a wasp’s egg.

Nest closure and transport of water

Females quarried lumps of earth in the ground, usually from within 15cm of the nest
entrance, and accumulated them in their mouthparts when closing their nests. The
females carefully selected the site to quarry the earth, avoiding very compacted earth.
They apparently were unable to accumulate loose soil in their mouthparts as they
rarely used the loose soil near the entrance left from the nest excavation when closing
their nests. On one occasion, a female was observed regurgitating water on loose earth
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which allowed her to accumulate the moistened soil in her mouthparts. The females
placed the lumps of earth on the nest entrance without loosening them. They then
regurgitated water, dissolving the earth lumps so that they perfectly fit the nest en-
trance. While females regurgitated water, their entire body vibrated, and they emitted
a characteristic pulsing, buzzing sound. These vibrations apparently aided in dissolving
the soil. Sometimes females returned repeatedly to the same site to quarry earth, but
they did not form distinguishable accessory burrows. Sometimes the females removed
litcle stones and leaf fragments that came with the lump of earth, after they placed the
lumps on the nest entrance. Female wasps were often observed gathering water from
the central tanks of bromeliads (Bromeliaceae) within five meter from the nest, but the
most of the time it was not possible to determine the sources of water because they
were in inaccessible places inside the forest. One female was observed collecting water
in a temporary rain pool in an unpaved road while another female gathered water ac-
cumulated in a dried leaf fallen on the midst of a road, 175cm from her nest. Females
commonly used the same water sources when digging and closing multiple, succes-
sively constructed nests.

During nest closure a female made 10-13 flights (n = 15) to gather water. Each
load of water was used to wet 4—8 lumps of earth (n = 15). After the nest plug be-
came level with the surface of the ground, the females usually added smaller lumps
of earth, which they did not wet, and then placed over the nest entrance fallen leaves,
chips, small stones, lumps of dried earth or other debris collected near to the nest.
This made the nest entrance visually indistinguishable from the surrounding soil. On
one occasion, a female regurgitated a few drops of water soon after concluding the
nest closure, apparently to discard excess water. Females never made temporary nest
closures. Some nests remained open through the night despite containing prey items.

Defence of the nest

Females of Penepodium luteipenne drove away other insects, both those walking within
about 20-30 c¢m of the nests, and flies hovering over the nest entrance, throughout the
nesting cycle. Females with open mandibles aggressively charged small objects (such as
a stylus) placed near open nests. However, females did not defend nests after closing
them. Several times nests were excavated to collect the prey items immediately after
closure and the nearby female did not react.

Defence of the nesting site

Female Penepodium luteipenne typically dig a series of single celled nests, each within
5-50cm of one another. Occasionally during the nest cycle a female would traverse
the site where she had constructed several nests and aggressively charge any other
wasps she encountered, conspecific or not. This behaviour allowed her to monopolize
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a particular nest area. This defensive behaviour was observed primarily during the
following phases of the nesting cycle: (1) searching for a nesting site; (2) nest digging,
when females often interrupted digging to walk around the nest site on repetitive
routes; (3) foraging, when the female returned to the nest without prey, she usually
checked the nest interior, and then walked about the nest site. Aggressive encounters
among conspecific females were most frequent, but females of 2 luteipenne also at-
tacked other species such as Eremnophila binodis (Fabricius, 1789) (Sphecidae), 7ry-
poxylon aestivale Richards, 1934 (Crabronidae), Cerceris sp. (Crabronidae), and Pepsis
sp. (Pompilidae).

Discussion

Nest provisions

The prey species and number of prey items per nest in the tribe Podiini is summa-
rized in the Table II. As a rule, Podiini use cockroaches to provision their nests, but
crickets (Orthoptera: Gryllidae) were reported as prey of Trigonopsis grylloctonus Rich-
ards, 1937 (Richards 1937: unidentified grylids) and Zrigonopsis rufiventris (Fabricius,
1804) (Vardy 1978: Anaxipha sp.) (Table 2). Females of the genera Penepodium and
Dynatus, in general, use larger prey species than females of the genera Podium and
Trigonopsis (Table 2).

Temporary closing of the nest

Penepodium luteipenne is similar to some other Podiini who do not construct tempo-
rary nest plugs [Penepodium haematogastrum (Spinola, 1851): Williams 1928; Podium
rufipes Fabricius, 1805: Krombein 1970]. However, some other Podiini have been ob-
served constructing temporary nest closures when nest provisioning is not completed
in one day [7Zrigonopsis cameronii (Kohl, 1902): Eberhard 1974; Podium denticulatum
E Smith, 1856: Ribeiro and Garéfalo 2010]. Penepodium luteipenne leave their nests
open even on occasions when provisioning is not completed in one day.

Prey paralysis

Temporary paralysis of prey, as described here for Penepodium luteipenne, has been
observed in several previously studied species of the genus [P fumipenne (Taschen-
berg, 1869): Genise 1981; P gorianum (Lepeletier de Saint Fargeau, 1845): Garcia
and Adis 1993; R latro (Kohl, 1902): Buys 2006; and Amazonian P luteipenne:
Williams 1928]. However, species of Podium and Trigonopsis seem to more perma-
nently paralyze their prey (2 fulvipes Cresson, 1865: Genaro 1994; P luctuosum
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Table 2. Summary of prey species and number of prey items per nest in species of the tribe Podiini.

Prey items

Podiini species Prey species per cell Source
Eublaberus distanti (Kirby, 1903) .
Dynatus nigripes Archimandrita tessellata (Rehn, 1903) 15 Kimsey 1978
Hyporbicnoda (or near genus) 7 Cooper 1980
Penepodium fumi- Unidentified cockroaches 4 Genise 1981
penne
5:3;‘0 odium goria Eunyctibora sp. 1-4 i(airi?? 9a ;1 ;1
Penepodium latro Poeciloderrbis sp. 1 Buys 2006
Poeciloderrhis basistriga (Walker, 1868) 14 Buys 2001,
Penepodium lu- Poeciloderrhis catharina (Shelford, 1910) 2009a
teipenne Epilampra abdomennigrum (De Geer, 1773) - Williams 1928
Epilampra abdomennigrum (De Geer, 1773) 1-5 Richards 1937
Podium luctuosum Parcoblatta ubleriana (Saussure, 1862) 5-7 Krcl);r16b76m
Cabita borero Rehn, 1937 211 Camilo et al.
Podium denticu- Pseudomops neglecta Shelford, 1906 1996
latum . . Ribeiro and
Unidentified cockroaches 2-10 Gardfalo 2010
Euthlastoblatta spp.
Cariblata sp.
Podium fulvipes Latiblattella rehni Herbard, 1917 - Genaro 1994
Epilampra sp.
Plectoptera sp.
Parcoblatta pennsylvanica (De Geer, 1773) 1-3 Rau 1937
Chorisoneura texensis Saussure & Zehntner, 1893
Cariblatta lutea Saussure & Zehntner, 1893
Latiblattella rehni Herbard, 1917 Krombein
Parcoblatta sp. 3-6 1967
Podium rufipes Cariblatta minima Herbard, 1916
Eurycotis floridana (Walker, 1868)
Chorisoneura texensis Saussure & Zehntner, 1893
Latiblattella rehni Herbard, 1917 1-3 Krombein
Chorisoneura sp. 1970
Eurycotis floridana (Walker, 1868)
T . i Riatia filgida (Saussure, 1862)
rzgfnop s1s came Chorisoneura translucida (Saussure, 1864) Eberhard 1974
ronii ) 8-15
Amazonina sp.
Trigomopsis eyclo- Poroblatta sp. - Vardy 1978
cephalus
Trigonopsis gryl- Unidentified crickets (Orthoptera: Gryllidae)' - Richards 1937
loctonus
Anaxipha sp. (Orthoptera: Gryllidae)*
ﬁzganapsis rufiven- Chorisoneura sp. i Vardy 1978
tris Anaplecta sp.
Calhypnorna sp.

12 These are unique cases of non-cockroach prey items found in Podiini nests
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Smith, 1856: Krombein 1967; R rufipes: Krombein 1967, 1970; and 1. cameronii:
Eberhard 1974).

Oviposition on the last hunted prey item

Oviposition on the first prey item stored in the nest has been observed among most
of the Podiini studied to date (Penepodium gorianum: Garcia and Adis 1993; Podium
denticulatum: Ribeiro and Garéfalo 20105 Podium rufipes: Krombein 1970; and 77igo-
nospis cameronii: Eberhard 1974). Only P luteipenne, in this study, and the Amazonian
P luteipenne studied by Williams (1928), oviposit on the last hunted prey item.

Oviposition posture

The stereotypic oviposition posture observed in Penepodium luteipenne is similar to
that of Penepodium haemarogastrum, as illustrated by Williams (1928: fig. 188), and of
Trigonospis cameronii, as illustrated by Eberhard (1974: fig. 4). However, the prey items
used by 7. cameronii are much smaller than those used by P luteipenne and P haema-
togastrum, and it uses only its front legs to hold its prey (see Eberhard 1974: fig. 4).

Oviposition outside the nest

Penepodium luteipenne, as well as other Podiini (Amazonian P luteipenne: Williams
1928, 1. cameronii: Eberhard 1974), is distinct in ovipositing on its prey outside the
nest. An exception was observed by Ribeiro and Garéfalo (2010) who found that 2.
denticulatum oviposited sometimes before and sometimes after placing its prey in the
nest. The behaviour of ovipositing outside the nest may be due to the lack of space in-
side the nest such that the female cannot assume the characteristic oviposition posture
necessary for her to oviposit on a forecoxa of her prey.

Placement of the egg on the prey body

Placement of the egg under one prey forecoxa, as described for Penepodium luteipenne,
was found in previously studied species of Podiini [Dynatus nigripes (Westwood, 1852):
Cooper 1980, Kimsey 1978; Amazonian Penepodium luteipenne: Williams 1928; P
gorianum: Garcia and Adis (1993); P latro: Buys 2006; Podium denticulatum: Cami-
lo et al. 1996, Ribeiro and Garéfalo 2010; P luctuosum: Krombein 1967; P rufipes:
Krombein 19705 Trigonopsis rufiventris: Willliams 1928, Arlé 1933]. Garcia and Adis
(1993) and Cooper (1980) observed, in P gorianum and D. nigripes respectively, that
the position of the egg under one forecoxa of the prey prevents the cockroaches from
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dislodging the eggs. Furthermore, Podiini larvae partially penetrate the prey body at
the point where the egg is laid and remain immobile during early development (Wil-
liams 1928, Krombein 1970, Garcia and Adis 1993, Buys 2009). This point must be a
suitable place for the early instar larva to penetrate the prey and feed. Interestingly, the
cockroach-hunting crabronid wasps (Hymenoptera: Crabronidae) Zachysphex fanuien-
sis Cheesman, 1928 (Williams 1945) and Zachysphex inconspicuus (W.E Kirby, 1890)
(Buys 2007) also lay their eggs under one prey forecoxa just as do the Podiini. This can
be interpreted as an adaptive convergence.

Position of the prey inside the nest

Placement of the prey headfirst into the nest as observed in Penepodium luteipenne, was
also found in all previously studied species of Podiini (Penepodium gorianum: Garcia
and Adis 1993; Podium denticulatum: Camilo et al. 1996; P fulvipes: Genaro 1994;
P rufipes: Krombein 1970; P luctuosum: Krombein 1967; and Trigonopsis cameronii:
Eberhard 1974). In P [uteipenne, the position of the prey inside the nest, coupled
with the elliptical shape of the nest opening tunnel, which is narrower than the cell,
apparently aids in preventing the cockroaches from escaping from the open nests after
waking from paralysis.

Alternative nesting tactics

Intraspecific parasitism has been recorded for relatively few species of sphecid wasps
(review in Field 1992b, see also Bohart and Menke 1976). However, as more detailed
behavioural studies are performed on sphecid wasps, including observations with in-
dividually marked females, a number of distinct types of intraspecific parasitism have
been found. Intraspecific parasitism may be widespread among sphecids, but it cur-
rently remains veiled by the paucity of studies. This seems to be the case for the tribe
Podiini, in which distinct types of intraspecific parasitism were observed in Penepo-
dium luteipenne and Trigonopsis cameroni, two species with detailed studies including
individually marked females.

Female territoriality

The defensive behaviour of the females of Penepodium luteipenne at their nests can be
interpreted as territorial because they monopolize their nesting sites and defend them
against other wasps. Female territorial behaviour has been rarely observed among sphecids
or related families. Territorial behaviour identical to those of P luteipenne was observed
in the ammophiline caterpillar-hunting wasp Podalonia valida (Cresson, 1865) (Hyme-
noptera: Sphecidae) (Steiner 1975) and in the spider-hunting Anoplius viaticus (Linnaeus,



Nesting habits, alternative nesting tactics and female territoriality... 39

1758) (Hymenoptera: Pompilidae) (Field 1992a). As these three species belong to dis-
tantly related lineages, this behaviour appears to be convergently evolved in these species.
The evolution of this kind of territorial behaviour in P luteipenne may be correlated with
monopolization of an area rich in resources and defence of the nest against intraspecific
parasitism. The nesting habitat of P luteipenne is structurally complex, being composed
of integrated parts with valuable resources relatively near one another. These include sites
where the females search for suitable soil to dig (bare portions of compacted mud soil),
sources of water (central cups of bromeliads), and prey items (areas covered with litter
where the females can finds cockroaches). Although each of these resources may separately
be locally common, a site with all these resources available nearby may not be easily found.
At the same time, several clustered nests of one female could represent a form of resource
concentration to cleptoparasitic conspecific wasps against which resident females must
defend their nest areas. It is thus probable that once a female finds a suitable site, it will
be advantageous to maintain it for some time, despite the energetic costs of defending it.
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