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Abstract
As parasitoids upon solitary bees and wasps and their nest cohabitants,
Melittobia have an intricate life history that involves both female coop-
eration and variably expressed male siblicidal con”ict. Inter- and intra-
sexual dimorphism includes blind, ”ightless males and (probably nu-
tritionally determined) short- and long-winged females. Thought to
be highly inbred, Melittobia do not conform to local mate competition
(LMC) theory but exhibit simple forms of many social insect traits,
including overlapping adult generations, different female phenotypes,
close kinship ties, parental care, and altruistic cooperative escape be-
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the equally forti“ed nest of a new host. Fe-
male Melittobia chewing ability is legendary
(14); females possess well-developed tridentate
mandibles and use them even more effectively
by pooling their efforts in small chewing cir-
cles (22, 25), which develop wherever a fe-
male has stung her prison wall (Figure 3 e).
Studies with M. digitata and M. femorata
( = megachilis) show that venom acts as a
pheromone, stimulating others to chew (19);
venom alone induces femaleM. digitata to both
feed and tunnel, and the presence or absence of
hemolymph switches female behavior back and
forth (20). Cross-attractancy between species•
venoms suggests that the constituents of this
behavior evolved early in theMelittobia clade
(19). Other pheromones (perhaps from the sali-
vary gland) and simple physical cues may also
be involved (22); milked venom alone did not
induce chewing inM. australicadespite obvious
cooperative chewing in this species (19).

Escape-chewing appears to be an example of
the class of cooperative interactions„variously
called the Snowdrift Game, Hawk-dove Game,
or Chicken Game„in which bene“ts accrue to
both cooperators and defectors because indi-
viduals can produce a common resource that
is accessible to everyone (24). An analysis of
videotaped chewing circles, coupled with ex-
periments that arti“cially group individuals of
different genotypes, could provide insights.

Once free,MelittobiaMF leave. Because suc-
cessful ”ight is energetically costly and depen-
dent on weather conditions, and because host
nests are often clumped, walking or crawling
appears to be the main form of dispersal. (Short
hops are also frequent, and may function in
predator avoidance.) Active transport via other
nest associates has also been postulated (3), but
no direct evidence for this has yet been re-
ported. Passive transport by humans (14) or air
currents (32) has also been suggested; circum-
stantial evidence of the latter includes increased
rates of parasitism downwind of source popula-
tions in Jamaica (32).

Many researchers (14, 29, 30, 32, 40) declare
that females also can ”y surprisingly long dis-
tances; others are equally convinced they can-

not (3, 54, 57). Flight propensity is related to fe-
male age and physiology; starved older females
are more inclined to ”y in an arti“cial arena
than young or fed females are (61).

Host Searching: Behaviors and Cues

The point of dispersal is to “nd a new host.
Broad host habitat cues probably dominate
early in the search process, with speci“c host
characteristics increasing in importance as ac-
ceptance nears (10). Natal host apparently has
no effect on host choice (71, 77). DespiteMelit-
tobia•s behavioral plasticity, associative learning
has not been reported.

Whether host discovery is random is an un-
settled question (40, 48, 78). In three-choice
arena bioassays (76), crawling MFM. digi-
tata showed no initial orientation toward host
patches, but upon encountering hosts or host
extracts, they spent more time in that area, sug-
gesting that host-associated odors act as an ar-
restant rather than an attractant. However, an-
other study (48) found no evidence of dipteran
host-associated odors attracting or arresting
M. acasta.

With their polyphagous and ectoparasitic
habits, Melittobia are excellent candidates for
the development of an arti“cial diet that could
be bundled into uniform packets of known com-
position, allowing host variables to be con-
trolled and opening new avenues forMelittobia
as a signi“cant model organism. Such develop-
ment would be greatly aided by further stud-
ies of the speci“c cues involved in “nal host
acceptance. ForM. digitata, there is evidence
(71) that cuticular hydrocarbons (unbranched
n-alkane C23…C29) common to many insects
may be involved. In an experimental study (10),
host shape stimulated antennation and ovipos-
itor probes, but alone was insuf“cient to elicit
oviposition even when host extracts were added.

Host Choices, Defenses,
and Natural Enemies

Well-studied Melittobia are polyphagous, as
shown in Supplemental Table 1 (follow
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the Supplemental Material link from the
Annual Reviews home page athttp://www.
annualreviews.org ). These parasitoids are the
most common and most abundant natural ene-
mies ofTrypoxylon, Sceliphron(both Sphecidae),
and many other solitary wasps, commonly caus-
ing 20% (68) to 40% (32) mortality, and some-
times more. They also attack members of nearly
every genus of solitary cavity-nesting bee and
variousBombusspecies (27, 56). Krombein•s (54)
multiyear trap-nesting study recorded them
from 29 host species in “ve aculeate fami-
lies. Probably related to their ability to suc-
cessfully attack nest inquilines and associates,
occasional hosts in at least four other insect or-
ders have been reported (16). Through labo-
ratory manipulations to circumvent defenses,
additional nonnatural potential hosts can be
rendered acceptable, sometimes without being
suitable for successful oviposition and/or larval
development.

Physical barriers are a common defense,
including the nearly impenetrable cocoons of
some Osmia bees (3), the resin cell walls of
other bees (e.g.,Heriades, Chalicodoma) that trap
Melittobia or form an impassable barrier (31,
51), and the mud nests of solitary wasps.

Active defenses are also employed.Chalybion
californicum(Saussure) (Sphecidae) frequently
rubs the underside of its abdomen on nest sur-
faces, applying a waxy lipid compound that is a
highly effective close-range repellent (68)„one
of the few demonstrations of a chemical nest
defense for a nonsocial wasp. Females ofPa-
chodynerus nasidens(Latrielle) (Vespidae) attack
Melittobia females encountered at their nests
(51). In a manner analogous to the sel“sh herd
(44), mud wasps also have developed a num-
ber of nest-location strategies that limit nest
parasitism (65, 73).

No predators upon Melittobia have been
recorded. The only parasite reported (69) upon
Melittobiais the mymarid egg parasitePterato-
mus( = Anagrus) putnamiiPackard, but this has
never been con“rmed. Competitive exclusion
has been reported for hosts parasitized by mites
(12, 14).

Superparasitism:
more than one female
parasitoid lays eggs on
one host

Superparasitism and Competition

Although the probability that a dispersing
female will successfully locate a host would
seem small (30), superparasitism by two or
more females of the same species has often
been noted in the “eld (14, 29, 31, 58, 59, 65,
81). The record seems to be “veM. femorata
( = megachilis) females competing for one
host (66). The clustered nature of many
solitary wasp and bee nests, coupled with the
emergence of hundreds of crawling rather
than ”ying Melittobia from each infested cell,
probably facilitates this.

Field-collected mud dauber nests from the
southeastern United States also have yielded
adult females of as many as three different
Melittobiaspecies within the same cell (59). This
seemingly interspeci“c competition may be rel-
atively recent, a product of human-enhanced
settings, and/or more apparent than real,
a marginal superimposition between species
that preferentially attack nonoverlapping host
species. Despite many published host inci-
dence records (seeSupplemental Table 1 ), the
true predilections of various species under “eld
conditions remain unknown. Quantitative “eld
studies with gregariously developing species are
scarce and in the conspeci“c case can be dif“cult
to detect unambiguously. Visible phenotypic or
molecular markers would distinguish between
hosts superparasitized by multiple females and
those parasitized by one (26). Other molecular
techniques also show promise; two closely re-
latedMelittobiaspecies have been distinguished
by random ampli“ed polymorphic DNA chain
reaction variation (74), and geographically iso-
lated populations ofM. digitata have been con-
“rmed to be conspeci“c through other poly-
merase chain reaction studies (11).

Host Feeding, Venom Effects,
and Oviposition

Upon “nding and accepting a host, the female
repeatedly inserts her ovipositor and then feeds
from the wound, gaining nutrients for egg mat-
uration (3, 14). It is unknown whether hosts
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Sex allocation: male
and female births in a
population, often
expressed as sex ratio
(proportion of males
to total population)

Haplodiploidy: sex
determination in
which haploid eggs
become males, diploid
eggs, females; gives
mothers the potential
to control offspring
sex ratio

always receive venom during this process (3, 14,
41), but milked venom (18) injected into several
potential host species caused developmental de-
lay and paralysis (23).

Whether individuals naturally feed on any-
thing other than hemolymph is unknown, but
females ofM. digitata will readily feed on col-
ored sugar solutions in the laboratory (59)
(Figure 3 f ), a technique that enables individ-
uals to be distinctively marked.

POPULATION GENETICS
AND BEHAVIORAL ECOLOGY

Polymorphism sets Melittobia apart from
most other gregariously developing parasitoids.
Whereas larval cannibalism and natural mor-
tality limit population growth, BF polymor-
phism ampli“es it through the emergence of
oviposition-ready daughters (proliferators) that
exploit their natal host. Thus, parasitoid off-
spring numbers and sex allocation data must
consider that progeny in an apparent single
clutch often actually ”ows from the combined
output of about 30 (but sometimes as many as
60) females.

Kinship and Presocial Behaviors

How do kin selection parameters interface with
Melittobia behaviors such as parental care to-
ward developing sons and collaborative es-
cape efforts? Choice experiments to determine
whether uninseminated MF differentiate be-
tween sons and unrelated males revealed no ev-
idence for discrimination (47). While examples
of kin discrimination behavior are widely doc-
umented in other group-living Hymenoptera,
among the parasitic wasps only a few contexts
(33) have been identi“ed that might provide
both an opportunity and a signi“cant advan-
tage for such behaviors among siblings.Melit-
tobia females in chewing circles are coopera-
tive, perhaps even altruistic (22, 25), qualities
that hint at possible antecedents for more com-
plex fully social behaviors. Whether they recog-
nize each other as individuals is not known, but

seems unlikely. However, in other taxa, high-
resolution genetic markers have yielded sur-
prises about cooperation and kinship even in
comparatively thoroughly studied groups (70).
As such techniques become increasingly sophis-
ticated and available, the promise for new in-
sights into Melittobiabiology is great.

Because overlapping adult generations and
different female phenotypes are traits shared
with social insects, Malyshev (57) considered
Melittobiato be primitively social, noting that
when the Melittobialife cycle involves BF pro-
duction, it mirrors the development of ant
colonies. Both groups are typically established
by a single individual, and the initial batch of
offspring remain at home and cooperate with
their mother to enlarge the group. In both
groups, an inseminated foundress produces a
small brood of genetically female offspring
that differ morphologically and physiologically
from their mother. When colony populations
reach a critical size, a new group of sexual indi-
viduals disperses to repeat the cycle. In addition,
the kinship component postulated as important
in facilitating full sociality is apparently well sat-
is“ed in Melittobiaby virtue of haplodiploidy,
family group structure, and inbreeding. How-
ever, unlike ants, in the middle of theMelitto-
bia colony cycle sons and brothers arise, com-
plicating the family tree. Even in the simplest
case of a single foundress colonizing a host, an
offspring clutch potentially includes three full-
sister groups of varying relatedness. The other
obvious and important difference is that in ants,
daughters do not reproduce but instead assist
with hunting for food.

Sex Ratios

Although Melittobia share many life-history
similarities with ants, they share as many or
more with “g wasps, another assemblage of
small chalcidoid wasps that develop in fam-
ily groups in a discrete and enclosed environ-
ment, have extreme sexual dimorphism, mate
once with siblings, and then generally disperse
(females) or die within the host (males) (86).
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