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An Analysis of the Interrelationships Among Nest Variables in
PoZistes exdamans  (Hymenoptera: Vespidae)

JOAN E. STRASSMANN~  AND RICHARD R. THOMAS*

ABSTRACT: Principal components analysis is performed on 11
variables of Pdistes exclamans nests, brood and associated adults
in nest collections made in June, July and September. Four bio-
logically meaningful principal components were found: (1) nest
size, (2) nest growth, (3) nest decline, and (4) nest parasitism. In
each sample nest size accounted for most of the variance, followed
by nest parasitism. Comparisons among populations using principal
components values instead of individual measures make more com-
plete use of available information.

Nest measurements are often central to studies of social wasps (Richards,
1978; Oster and Wilson, 1978). Nests can be compared with respect to the
following variables: how many cells the nests contain, the developmental
stages of the brood, numbers of new and old cells, species of parasites and
numbers of parasitized cells, total numbers of males and females, their ap-
proximate age, and the females’ ovarian development. Not only may the
values of these variables vary but the interrelationships among them may
also differ over time or among different types of nests. The present study
examines the interrelationships among 5 nest variables and 6 individual wasp
variables, using principal components analysis. Principal components anal-
ysis is used because it provides an unbiased method of weighting individual
variables. A comparison of the differences in biological meaning of signifi-
cant components in different samples provides a way of looking at changes
in the interrelationships among variables from one sample to another. The
study population consists of 3 summertime collections of Pdistes exda-
mans nests and their associated wasps from San Antonio, Texas.

Methods

Three collections of p. exclamans nests and their associated wasps were
made in San Antonio, Bexar County, Texas on 20-22 June, 26-28 July and
10 September, all in 1977. All nests were collected using techniques previ-
ously described (Strassmann, in prep.). In this species workers and queens
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sometimes form satellite nests near the main nest (Strassmann, in press, in
prep.). These satellites must be identified and associated with the proper
nest for a full understanding of the population biology of the sample (Strass-
mann, in prep.). In June and July main nests and their satellite nests were
identified and these nests were then distinguished from independent nests
lacking satellites (Strassmann, in prep.). All individuals were classified into
3 age categories according to the degree of sclerotization of the frontal edge
of the ventral abdominal sclerites: (1) younger than 6 days, (2) 6-15 days,
(3) more than 15 days old (West Eberhard, 1975; Strassmann, in press).
Ovaries were dissected and for the purposes of this analysis grouped into
( 1) non egg-layers with partially developed and undeveloped ovaries, (2)
intermediate egg-layers with developing oocytes in at least 3 ovarioles but
only one fully developed ripe egg, and (3) egg-layers with fully developed
ovaries containing several ripe eggs, and developing oocytes in all six ovar-
ioles. Cases of ovarian regression were placed in the first category when
regression meant they had no layable eggs in their ovaries. All nests were
examined, and total numbers of new cells, pupae, and hatched cells were
counted. The two parasitoids found in these samples, Elasmus pAtis
(Hymenoptera: Chalcidoidea: Eulophidae) and Chaheia  iphitah (Lepi-
doptera: Pyralidae) leave clear and easily distinguishable evidence of their
presence in the cells (Rau, 1941; Reed and Vinson, 1979). Numbers of in-
fested cells were counted. While some males were present in June and
September, they were absent in July. To facilitate comparisons among the
three samples, numbers of males were omitted from all evaluations.

Each nest was thus characterized by the following 11 variables: (1) num-
ber of non egg-layers, (2) number of intermediate egg-layers, (3) number of
egg-layers, (4) number of females more than 15 days old, (5) number of
females 6-15 days old, (6) number of females younger than 6 days old, (7)
number of pupae, (8) number of hatched cells, (9) number of new cells, (10)
number of E. ~&X~-parasitized cells, and (11) number of C. &Ma&par-
asitized cells.

Analysis of the factors responsible for variation in nest size and compo-
sition is complex because we are considering a set of variables rather than
one variable. A logical method for overcoming this difficulty is principal
components analysis (Hotelling, 1933; Anderson, 1958). With this method
a set of n correlated real variables is replaced by a set of uncorrelated
variables, principal components, which are linear transformations of the
original variables with weights chosen to maximize the explained variance.
The extent to which a single principal component can explain the bulk of
the variance depends on the extent to which the original variables are cor-
related. If the original variables are highly correlated in similar directions,
the first principal component may explain most of the variance. A principal
component is statistically meaningful if the eigenvalue is greater than one
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Table 1. Association of variables with 4 biologically real multivariate patterns.

Nest size Nest growth Nest decline Nest parasitism

Non egg-layers
Intermediate egg-layers
Egg-layers
Old wasps
Middle aged wasps
Young wasps
Pupae
Hatched cells
New cells
E. polis tis
C. iphitalis

X

X
X X
X
X X
x
X X
X X

X
X

when principal components are computed from a matrix of correlations. A
component may be statistically significant and yet still have no clear bio-
logical meaning, so in this analysis only those components which were both
statistically significant and had clear biological meaning are compared
among samples. The components were calculated from a matrix of corre-
lations among the variables to avoid the bias towards the variable with the
greatest variance that results if the principal components are computed from
raw, unstandardized data (Schull and Neel, 1965). Varimax rotation was
used in the present principal component analysis to simplify interpretation
of the correlation patterns, and component scores were computed using the
Statistical Package for the Social Sciences (Nie et al., 1975).

Results and Discussion

Principal components were calculated for June, July and September, first
considering each nest separately, then grouping satellites with the main nest
they came from and considering the sum as one large nest, called a satellite
system. The principal components were then calculated for (A) independent
nests alone, (B) main nests alone, (C) satellite nests alone, (D) satellite
systems, and finally (E) satellite systems and independent nests (together
called nest systems).

Four biologically meamngful principal com;onents were found: (1) nest
size, (2) nest growth, (3) nest decline, and (4) nest parasitism (Table l).iIn
a&ntion certain logical combinations of the-above occ%irred~ Nest decline
was always associated with C. @/zM~s parasitism. Depending on the sam-
ple, nest size was occasionally associated with nest growth or nest decline.
Table 1 presents associations between the 11 variables and the 4 biologically
meaningful principal components. Statistically significant components not
fitting any of these patterns, or reasonable combinations thereof, or not
having clear biological meanings separate from the above components were


















