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Summary. Females of a digger wasp Crabro cribrel-
lifer nested in a 234 nest aggregation covering
2x 65 m in area. Variability in 3 edaphic factors
(soil temperature, hardness, and per cent moisture)
had no significant influence on the non-random
spatial distribution of nests within the aggregation.
A significant positive correlation between wasp
nest density and the mean number of parasitic flies,
Metopia campestris, present was shown (Fig. 1).
Yet, based on 20 excavated nests, the probability
of cell parasitism decreased as nest density in-
creased (Fig.2). This may give females nesting
within a dense aggregation a selective advantage,
and supports the “selfish herd” model developed
by Hamilton (1971).

Introduction

Nesting aggregations are not uncommon in the sol-
itary bees and wasps (Evans 1966a; Michener
1974; Eickwort 1981), and are of general interest
in that they have been considered an early stage
in the evolution of insect sociality (Michener 1958;
Lin and Michener 1972; Wilson 1971). It is widely
assumed throughout the hymenopteran literature
that nesting aggregations are a consequence of lim-
ited suitable nesting sites (e.g., Malyshev 1935;
Evans 1966a; Michener 1969). Although species
do display general habitat preferences, within the
“acceptable” habitat there often seem to be no
abiotic factors for which local variability correlates
well with the apparently non-random spatial distri-
bution of nests (Michener et al. 1958; Sakagami
and Hayashida, 1961; Brockmann 1979). Mi-
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chener et al. (1958) examined seven edaphic factors
and showed that their variability, across the nest-
ing site, had no influence on the distribution of
nests for several species of burrowing bees. These
authors rejected the ““suitable site” hypothesis and
concluded that aggregations result from females
returning to their natal areas to nest (see also Ma-
lyshev 1935; Brockmann 1979). For such a ten-
dency to be maintained by natural selection, fe-
males returning to their natal areas must, on aver-
age, be reproductively more successful than fe-
males which disperse. Nevertheless, this conclusion
offers no insight into why such areas are more suc-
cessful.

Extending this hypothesis, I propose that a
“selfish herd” (Hamilton 1971) response to para-
sites is one factor contributing to the evolutionary
maintenance of nesting aggregations, whereby the
probability of a nest being parasitized is some in-
creasing function of its nearest-neighbor distance
[NND = the linear distance between the nest of any
female and that of her closest neighbor; after Clark
and Evans (1954)]. This hypothesis predicts that
more distant or isolated nests within an aggrega-
tion will, on average, suffer a higher rate of cell
parasitism relative to nests with many neighbors:
simply, the probability that any cell in a nest will
be “chosen” by any parasite should decrease as
the number of nests in that area increases. A nest-
ing aggregation of digger wasps and a population
of cleptoparasitic flies provide an opportunity to
test this hypothesis.

Materials and methods

This study, a part of a longer 3 year study on the nesting
behavior of Crabro cribrellifer (Packard) (Hymenoptera : Sphe-
cidae), was conducted from 10 June to 20 August 1982 at the
University of Michigan Biological Station, Cheboygan Co., Mi-
chigan USA. Females were nesting in a 2 x 65 m section (con-
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taining 234 nests during this season) of a sandy two-track road
running through second growth forest. For a more detailed
description of the site, as well as data on patterns of nest use,
see Wcislo et al. (submitted).

Twenty 1 x2m quadrats were chosen over the site such

that the nest densities within the quadrats were distributed dif-.

ferentially (min. density=0 nests/quadrat; max. density=15
nests/quadrat). Censuses of parasitic flies, Metopia campestris
(Fallen) (Diptera:Sarcophagidae: Miltogramminae), were con-
ducted 3 times daily (1100, 1300, and 1500 h), weather permit-
ting, from 20 July to 6 August (14 days; 42 censuses). The
number of flies over each quadrat per 5 min was counted. The
order in which the quadrats were surveyed was rotated to re-
duce temporal bias. As a caveat, these data should be consid-
ered estimates as accurate field identification of these flies was
difficult. Specimens from this study (1982) could only be identi-
fied to genus because of damage in shipping. All specimens
collected at the same site in 1983 were M. campestris. Whenever
a fly was seen entering a nest, the number of seconds it remained
inside the nest was recorded.

In the center of each of the 20 quadrats, the soil tempera-
ture, at a depth of 15 cm, was recorded twice daily (1000 and
1500 h), using a thermistor and buried thermocouple leads. For
each quadrat, a relative measure of soil hardness was obtained
thrice during the nesting season: 1) following 2.5 mm of rain;
2) 3 days following 4.8 mm of rain; and 3) following a six day
dry spell. The device used to obtain these data was made by
driving a 12 ¢m nail through a 15x 15 cm wooden platform.
A 97 g rock was dropped through a 45 cm tube onto this plat-
form with the nail point resting on the soil surface. The number
of drops needed to drive the nail 5 cm into the soil was consid-
ered a measure of soil hardness. On the 3 days when soil hard-
ness was measured, the percentage of soil moisture was also
obtained. A soil sample from near the center of each quadrat
was taken from a depth of about 15 cm. The samples were
weighed, baked in a 75° C oven for 4 h, and then reweighed.
The difference in weight is a reflection of soil humidity.

The nearest-neighbor distance (NND) for each nest was

measured in the field using a meterstick. As density increased,
the mean NND decreased [see Appendix in Clark and Evans
(1954) for the general mathematical relationship]. Twenty nests
were excavated to determine the percentage of parasitized cells
in each nest.

Results

There were no significant correlations between the
density of wasp nests (nest density =number of ac-
tive nests per 1 x 2 m quadrat) and any of the fol-
lowing variables: soil temperature (r=0.376,
0.1>P>0.05); soil hardness (r=0.024, P>0.5);
and percent soil moisture (r=0.367, P>0.2). From

N = 42 censuses
r = 0.9678
s p< 0.005

MEAN NUMBER OF PARASITIC FLIES PER 5min CENSUS

ACTIVE NEST DENSITY
(No. nests per 1 x 2m quadrat)

Fig. 1. The mean number of cleptoparasitic flies present (per
5 min census) versus the density (per 1 x 2 m quadrat) of active
Crabro cribrellifer nests

these data, it is doubtful that abiotic variables play
a major role affecting the the nest distribution
within the aggregation.

Miltogrammine flies, of the type that enter
nests to larviposit, were abundant at the site and
were commonly seen on the conspicuous tumuli
of nests. Twenty-seven flies were seen entering
nests and they remained inside — presumably larvi-
positing — from 2 to 56 s (x=9.5, s=10.28). Twice,
flies remained inside for less than 2 s and, upon
inspection of the nest, the entrance was found to
be blocked by a female wasp about 3 cm below
the surface. Fortuitous guarding may become sig-
nificant as parasitism pressure becomes increasing-
ly severe.

The number of cells, the number of parasitized
cells, the percentage of parasitized cells, and NND
for the 20 excavated nests are summarized in Ta-
ble 1. The mean number of cells per nest (X¥=3.3)
was low relative to 1981 (x=7.8), 1983 (Xx=6.1),
and 1977 (x=6.5). Factors responsible for these
differences are discussed in Wcislo et al. (submit-
ted). While the mean number of cleptoparasites
present increased as nest density increased (Fig. 1;

Table 1. Summary of incidence of cell parasitism for nests of Crabro cribrellifer

Number of cells Number % Parasitized Nest
per nest of parasitized cells per nest nearest-neighbor
cells per nest distance (CM)
X SD X SD X SD X SD
All nests (N=20) 3.3 0.92 0.9 0.97 25.1 27.08 78.3 77.49
Parasitized nests only (N=12) 3.6 0.64 1.5 0.80 41.8 23.41 107.0 86.28
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Fig. 2. The incidence of cell parasitism in nests of Crabro cribrel-
lifer in relation to nearest-neighbor distance

r=0.968, P<0.005), the approximate linearity
through the origin suggests that the relative
number of flies present per nest remains constant.
Figure 2 plots the incidence of cell parasitism
against NND, and this incidence, on average, de-
creases as nest density increases (=NND de-
creases; r=10.594), P<0.01). Thus, in the absence
of other factors (see Discussion), females nesting
in areas of high density (low NND per nest) may
enjoy a selective advantage relative to marginal
conspecifics (high NND per nest).

Discussion

Hamilton (1971) developed the ideas of Galton
(1883) and Williams (1964) that gregarious behav-
ior in animals, apart from feeding or mating activi-
ties, is a form of cover-seeking, anti-predator be-
havior. According to this view, an individual resid-
ing within a group reduces the probability it will
be taken by a natural enemy through the use of
the group as “cover”. He presented a model for
two-dimensional space showing how natural selec-
tion can evolutionarily maintain centripetal ten-
dencies via the differential removal of marginal
conspecifics (but see Pulliam 1973; Treisman 1975
for criticisms).

While based on a small sample size, and lacking
a direct measure of reproductive success, the data
presented in Fig. 2 support the selfish herd hypoth-
esis. A potential advantage to females of C. cribrel-
lifer nesting in high density areas takes the form
of a reduced susceptibility to parasites. In a selfish
herd context, accessory burrows (shallow burrows
dug within several cm of a nest but are never pro-
visioned; see Evans 1966b) of various other soli-
tary wasps are interesting in that they effectively
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improve an individual’s geometric position by in-
creasing the number of nearby nest entrances. The
proximate mechanisms underlying this geometric
advantage are not known, although casual obser-
vations suggest that biotic interactions may de-
crease a parasite’s efficiency in high density areas.
Often, apparently because of interference from a
wasp, another fly, or, in one case, a cerambycid
beetle, a fly will leave its perch only to take up
another nearby (Wcislo, unpubl. data; Endo 1980).
It has not, however, been demonstrated for these
parasites that such interactions are density-depen-
dent.

Many ground-nesting wasps are plagued by
cleptoparasites which employ a strategy different
from the hole searchers of this study. ““Satellite”
flies (Miltogramminae) larviposit on the prey of
provisioning females before the wasps enter their
nests (Evans 1970). It is unclear whether wasps
attacked by this kind of parasite will benefit from
selfish herd geometry.

Presumably there is some threshold nest density
beyond which the parasite population grows suffi-
ciently large and overwhelms the host population
(e.g. Bohart et al. 1960; Michener 1974), reversing
the direction of selection. Alternatively, this inten-
sified selection pressure may favor communal nest-
ing because of benefits derived from nest guarding
(Lin 1964). The demonstration of a selective ad-
vantage to gregariously nesting females lends sup-
port to those theories on the evolution of insect
sociality that place a heavy emphasis on extrinsic
factors as major selective forces (Lin 1964; Lin
and Michener 1972; West-Eberhard 1978; but see
Hamilton 1972). Nesting aggregations are an obvi-
ous preadaptation for social evolution in some in-
sects: because a selective role for parasites has been
shown here for the maintenance of aggregations,
it is likely they are important agents of selection
for more advanced social levels as well.
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