Contributions in Science, 526:181-188

18 June 2018

REPRODUCTIVE STRATEGIES OF DIURNAL MUTILLID WAaSPS (HYMENOPTERA:

MUTILLIDAE)
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ABSTRACT. Seven species of diurnal mutillid wasps were collected in the Big Bend area of West Texas with the goal of determining
reproductive strategies and other biological characteristics: (a) emergence strategies differed not only among species but, in some cases, from one
emergence period to another within a given species, protogyny in six species may be a response to high risk of May air temperatures below the
male activity threshold, and protandry in Timulla suspensa is attributed to uniquely late emergence and activity of females (mid-June to mid-
July) and males’ prior access to a reliable energy source in flowers of graythorn; (b) overwintering stage: four species overwintered as both
immatures and adults; one species overwintered solely as adults; (c) maximum head size ranged from 76% to 156% greater than minimum head
size, depending upon the species; (d) sex ratios varied from 0 to 1.33, depending upon the species; (e) allocation of male eggs based on adult host
size: two species preferred large hosts, one preferred medium-sized hosts, three preferred small hosts; and (f) mode of reproduction: six species

were arrhenotokous; one probably was thelytokous.

Phoresy in 7. suspensa is believed to result in reduced competition for hosts after males and females congregate for copulation on graythorn.
Both the female and the brachypterous male of Myrmilloides grandiceps possess cephalic spines that presumably anchor the head securely in the
walls of the host burrow, an adaptation for inter- and intrasex combat.

INTRODUCTION

The study of reproductive strategies, including mating systems, offers
excellent opportunities for insight into the mechanisms of natural
selection and sexual selection (Charnov, 1982; Kawecki and Stearns,
1993; Godfray, 1994). Because reproduction is closely linked to
Darwinian fitness, the consequences of different strategies can be
determined more easily than with many other aspects of life history.
Here, we are concerned principally with the mating systems of mutillid
wasps (Hymenoptera: Mutillidae), commonly known as “velvet ants.”
These insects are particularly interesting because ecological constraints
appear to have led to some unusual mating systems, and these in turn
can have profound consequences for other aspects of reproduction,
especially the allocation of resources between female and male offspring
2014). In most mutillid species the
female deposits eggs on the larvae or prepupae of ground-nesting

(sex allocation) (Boulton et al.,

solitary bees and wasps. With few exceptions the adults are strongly
sexually dimorphic, the females being wingless (apterous) and the males
winged (alate). The limited data available on the host ranges of mutillid
species in the United States suggests that many species are not highly
specific. For example, Dasymutilla asopus (Cresson) has been recorded
from two families of bees, Pseudomethoca frigida (Smith) from three
genera of halictid bees, and Sphaeropthalma amphion (Fox) from four
families of bees and wasps (Krombein, 1979). A key feature of mutillid
biology—regular abrasion of the mandibles—was studied by Hennessey
(2002). Although the abrasion rate changes regularly with time, it is
nearly constant for all members of any given cohort at any given time.
Members of different cohorts may be active at the same time, but
collected individuals can be referred to a particular cohort based on
mandible length as a fraction of head width. Mutillid mating systems
differ in the method of sex determination, amount of sexual
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dimorphism, and timing of male vs. female emergence (in protandry
males emerge first; in protogyny females emerge first.) Given that most
diurnal species of U.S. velvet ants are known from both sexes
(Krombein, 1979), it can be assumed that most reproduce sexually by
arrhenotoky, as do the large majority of hymenopterans (Flanders,
1956; Godfray and Cook, 1997). However, Dasymutilla texanella
Mickel is known only from the female sex, and no males were found
among the 23 individuals collected in the present study. This suggests
that this species is thelytokous.

This diversity in mating systems has consequences for the evolution
of sex allocation. The consequences are particularly interesting because,
despite considerable theorizing, they have been the object of few
empirical studies. In many arrhenotokous species, unmated (virgin)
females may contribute a large proportion of the total number of eggs
deposited. Eggs from unmated females are haploid and therefore male.
An abundance of male eggs in turn selects for any mated females to
produce a compensating excess of female offspring (Godfray, 1988,
1990). However, some mutillid females rely upon host size in choosing
the sex of an egg, a behavior that would limit the ability to produce a
compensating excess of females. Mutillids produce two or more
generations per year (Hennessey, 2002), and differing male/female
survival rates can lead to differences in opportunities for mating. For
example, if males from a focal generation can mate with females from
both their own generation and a previous generation, an excess of males
may be favored in the focal generation (Werren and Charnov, 1978;
Seger, 1983). The aim here is to document the mating systems of seven
mutillid species and quantify several factors that could influence the
evolution and consequences of these systems.

MATERIALS AND METHODS
STUDY AREA

Collections were made at two sites within the city limits of Alpine,
Brewster County, Texas. Alpine (elev. 1,380 m) is located in the Davis
Mountains, a range in the Chihuahuan Desert of West Texas. Annual
rainfall in and near the city averages about 39 cm (Powell, 1998). The
principal study site was a dirt road about 0.5 km long and 2 to 4 m wide,
depressed as much as 2 m below the surrounding terrain. On 7 and 9 July
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Table 1  Sex ratio by size class.

Species, no. collected Head width (mm)  Sex ratio' n
D. foxi, 163 3, 559 ¢ 1.66 to 2.10 37 (44 37 (39)
(403 3, 569)* 2.11 to 2.58 14 (87) 26 (43)
2,60, 6 3512 .55 (1.33) 9 (14)

D. heliophila, 63 &, 312 % 1.40 to 2.48 21 35

3.55 to 3.58 0 0)

D. snoworum, 638 3, 309 @ 1.42 to 2.18 42 17

2.24 to 2.70 .06 17

3.55 to 3.59 0 2

D. texanella, 038 3, 239 2 1.45 to 2.45 0 21

2.65 to 2.70 0 2

M. grandiceps, 43 &, 1.78 to 2.48 0 16

349 9 2.60 to 2.88 .20 18

2.95 to 3.14 .33 4

P. propinqua, 193 3, 1.20 to 1.75 .33 4

52 92 1.76 to 2.08 90 38

2.12 to 3.43 0 29

T. suspensa, 193 &, 279 % 2.20 to 2.50 37 37

2.60 to 3.30 =D 9

"No. of males divided by no. of females.
“Parenthetical numbers include all individuals collected on sunflower.
*No females collected.

1990, male mutillids were also collected on flowering sunflower
(Helianthus annuus L.) growing about 70 m from the west end of the
road. The vegetation type near the principal study site was desert scrub,
the dominant species being Senegalia greggii (Gray), Mimosa aculeaticarpa
Ortega, and Prosopis glandulosa Torrey. Along the road itself were dense
stands of a small, blue-flowered annual, Machaeranthera tanacetifolia (H.
B. K.) Nees, and three 1.5-m-tall plants of graythorn, Ziziphus obtusifolia
(T. and G.) Gray. Both species were highly attractive to solitary bees, the
principal hosts of many mutillids.

COLLECTION OF SPECIMENS

The road was searched one or twice each afternoon for about 45 min
between 1600 and 1800 hr on 9 June through 28 Aug 1990. A total of
about 115 hr were spent collecting on these and other dates (indicated
below). Males were collected with an insect net and killing jar. Females
generally were collected by gently pinching them between thick layers of
cloth and releasing them into a killing jar. Several flowering, 1-m-tall
plants of graythorn also were examined daily because they were highly
attractive to males of various species of mutillids, as well as to females of
Timulla spp. An effort was made to collect every mutillid seen; however,
several females of Timulla suspensa (Gerstaecker) escaped capture on
graythorn. By 11 July 1990 ground vegetation had become so dense that
relatively few mutillids were seen either in the air (males) or on the
ground. Daily afternoon searches were conducted again on 6 Aug 1993
and from 30 Aug to 15 Sep 1997. About 30 additional specimens were
collected on several occasions in Aug 1989, Aug 1993, May 2001, June
2004, and May 2007.

Of the 34 species of diurnal mutillids identified at the study site, the
seven most abundant were selected for study (Table 1). A total of 94
males and 253 females of these seven species were collected.

Intensive collection of female mutillids from such a small area (ca.
2,000 m*) would reduce population levels if the number of hosts
parasitized were proportional to the number of female mudillids
searching for hosts. However, the correlation may be high only when
host populations greatly outnumber mutillid populations, and in any
case, the current study provides no means for estimating the correlation
between these two variables. Hypothetically, intensive collecting might
shift the sex ratio in favor of males, but again, in the present study any
such a shift would be undetectable.

Hennessey and West: Mutillid Wasps

Various bee species were abundant at the principal study site, while
ground-nesting wasps were much less common.

Voucher specimens were deposited in the insect collection of the
Natural History Museum of Los Angeles County. Daily maximum
temperatures in Alpine were recorded with a maximum/minimum
thermometer.

MEASUREMENTS AND EXAMINATIONS OF BODY PARTS

Head widths of all collected females and males were measured (see
Hennessey, 2002) with an ocular micrometer in a stereo microscope at
40X magnification. Mandible lengths of females were measured to the
nearest 0.01 mm (mandibles of males and mandibles of female
Myrmilloides grandiceps (Blake) were not measured because none were
abraded and thus could not be used to estimate age). Mandibular abrasion
is a well-known phenomenon in insects, including the bee Halictus
tripartitus Cockerell (Packer et al., 2007). Scanning electron micrographs
of the head of a male M. grandiceps were made at 40X magnification.

Adult mutillid head width was used as a proxy for overall host size.
The use of a proxy provides insight into the range of hosts attacked by
each mutillid species, because mutillid head width can be assumed to
correlate well with host size (the actual hosts remain unidentified).
However, it must be stipulated that in some mutillid species, notably M.
grandiceps, the head is unusually large compared with the meso- and
metasoma. Therefore, interspecies comparisons of host size must be
made with caution, particularly in the case of M. grandiceps. Generally,
only a single adult mutillid emerges from each parasitized host, although
exceptions are known (Brothers, 1984).

RESULTS
SEX RATIOS

The species-specific sex ratios (number of males divided by number of
females) were as follows: Dasymutilla foxi (Cockerell) .30 at principal
study site, .68 at principal and secondary study sites combined.
Dasymutilla heliophila (Cockerell) .20; Dasymutilla snoworum (Cockerell
and Fox), .20; D. texanella, 0; M. grandiceps, .12; Pseudomethoca
propinqua (Cresson), .37; T. suspensa, .70. Sex ratios in each species were
different in different-sized hosts (Table 1): D. foxi, M. grandiceps, and T.
suspensa preferred to deposit male eggs in large hosts; P. propinqua
preferred medium-sized hosts; and D. heliophila and D. snoworum
preferred small hosts. No males of D. texanella were collected.

EMERGENCE AND ACTIVITY PERIODS

Emergence and activity periods of six species are represented in Figures
1A to 1F. Newly emerged females were identified by their relatively
long, unabraded mandibles. Clusters of data points representing these
females are enclosed in boxes. Aging females were identified by their
abraded mandibles, and their age was inferred to be proportional to
the amount of abrasion. Aging females belonging to the same cohort
and, in a few instances, overwintered females that could not be
distinguished from them on the basis of mandible wear are enclosed by
parallel lines extending below and to the right of each box. Numbers of
males collected are indicated at the appropriate date at top of each
graph. In five species, females with shortened mandibles were collected
before or during the first emergence of new adults. These females,
presumably overwintered adults, appear in the graphs as unenclosed
data points.

D. foxi
New adult females (Fig. 1A) emerged early in the season (9 to 24 May)

in 1990 at the same time that overwintered adult females resumed
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Figure 1 Emergence and activity periods: A, D. foxs; B, D. heliophila; C, D. snoworum; D, D. texanella; E, P. propingua; F, T. suspensa. Boxes, newly emerged females;
bands, older females; unenclosed data points, females presumed to have overwintered as adults. Numbers of males collected indicated above top border of graph.

activity. During this period, overwintered females constituted 46% to
58% of the population. The first males were collected on 23 June during
the second period of female emergence. Males at the principal study site
tended to concentrate on flowers of graythorn, whereas males at the
secondary study site concentrated on sunflower.

D. heliophila

The first female of 1990, apparently one that had overwintered, was
collected on 26 May (Fig. 1B). The first of the new generation in 1990
emerged during three periods beginning on 2 June. A female of an
apparent second generation emerged on 21 Aug 1997.

D. snoworum

The first female of 1990, apparently one that had overwintered, was
collected on 26 May (Fig. 1C). Females and males of the first new
generation in 1990 emerged during two periods beginning on 3 June.

D. texanella

The first newly emerged female of 1990 was collected on 10 May (Fig.
1D). No males were collected, nor have males ever been reported in the

literature.


















