
4 Mate-finding Strategies II: Hilltopping, 
Guarding and Excavating

4.1 Hilltopping

Insects of many different types aggregate on ridges, 
hilltops, summits or prominent features in the land-
scape, in order to mate (Alcock, 1987a). However, 
the most prominent hilltopping species are in the 
orders Diptera, Hymenoptera and Lepidoptera 
(Skevington and Capinera, 2008). Hilltopping is a 
form of non-random dispersal where both males 
and females (virgin, or multiple-mating) ascend a 
topographical summit (or any defined prominence, 
natural or artificial) in order to search for mates. 
This simple action of purposefully ascending effec-
tively concentrates the population in spatial terms. 
Typically, males persist for extended periods at 
elevated sites and often display territorial behav-
iour (Scott, 1974; Shields, 1967), whereas females 
make shorter visits in order to choose a mate, copu-
late and then descend to carry out oviposition. 
Hilltopping often occurs at locations with few, or 
no, resources other than the insects themselves, and 
may be a mating system ‘of last resort’ that only 
evolves when females are scarce, or hard to find in 
other places that do contain food or oviposition 
sites (Thornhill and Alcock, 1983). There is some 
evidence that hilltopping species are larger than 
non-hilltopping ones (Scott, 1968) and such behav-
iour surely favours insects that are strong fliers.

4.1.1 Hilltopping in butterflies and moths

Hilltopping in butterflies is a very common strategy 
for locating mates and this behaviour has been 
extensively documented (e.g. Alcock, 1987a; 
Rutowski, 1991; Cannon, 2019; Dennis, 2020). 
Examples of hilltopping moths are relatively rare. 
Ranchman’s tiger moth, Arctia (formerly 
Platyprepia) virginalis (Lepidoptera, Erebidae) 
(Boisduval), is a large, brightly coloured day-flying 
species (Fig. 4.1) that appears to exhibit hilltopping 
behaviour (Grof-Tisza et  al., 2017a). The highest 

densities of A. virginalis in a nature reserve in 
Sonoma County, California, USA, were associated 
with a few hilltops, up to c. 200 m in height. Females 
entering the area quickly perched and awaited 
males, and mated females had shorter residency 
times than males (Grof-Tisza et al., 2017a,b).

Guy Pe’er (2003) showed that such directed 
movement patterns evolve in organisms in response 
to topographical gradients. For example, the hilltop-
ping movements of the lesser spotted fritillary, 
Melitaea trivia Denis & Schiffermüller (Nymphalidae) 
(Fig. 4.2), are governed by simple rules in response 
to topographic cues: (i) the highest location within 
a distance of about 50 m; and (ii) the immediate 
slopes available to the butterfly at its current loca-
tion. After an initial period of orientation, M. trivia 
butterflies fly towards the ‘maximal inclination’ 
available to them (Pe’er et al., 2004). This simple 
behaviour pattern of visual orientation towards 
local peaks, and flying persistently upwards, is a 
highly effective way of concentrating individuals 
who were initially highly dispersed. Hilltopping is, 
therefore, a very effective mate-finding strategy for 
species that are rare, or occur at low densities, but 
is potentially disadvantageous or non-adaptive for 
those with numerically abundant populations 
(Painter, 2014). Insects in hilltop aggregations may 
also be at a higher risk of predation as a result of 
deliberately choosing to be so visible. Indeed, some 
highly apparent species appear to rely on habitual 
patrolling, which is most likely the ancestral mate-
locating strategy, rather than hilltopping (Dennis 
and Shreeve, 1988).

Males occupy the high points and often form 
leks (see Chapter 6) and/or defend territories on or 
near the summit; females, once mated, disperse 
down the hill again. Thus, for species that usually 
only mate once – such as Edith’s checkerspot but-
terfly, Euphydryas editha Boisduval (Lepidoptera, 
Nymphalidae) – females only hilltop as virgins; 
males, on the other hand, hilltop throughout their 
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50 Chapter 4

adult lives (Baughman et al., 1988). Male California 
patch butterflies, Chlosyne californica, defend large 
hilltop perching areas (5–10 m2) on the most 
prominent points of mountain ridges in the Sonoran 
Desert of Central Arizona, USA (Alcock, 1985a). 
The territorial males fly up and pursue passing 
insects, especially other males, which they chase in 
rapid, horizontal pursuit flights. These male–male 
interactions sometimes develop into spiralling 
flights, where the two butterflies fly vertically 
upwards, to 5–10 m in height, aggressively clashing 
wings as they spiral around each other (Alcock, 
1985c). Alcock (1983d), writing about spiralling 
flights of another butterfly in the Sonoran Desert, 

the great purple hairstreak, Atlides halesus 
(Cramer), interpreted this behaviour as ‘an effective 
way for males to demonstrate their speed, aerial 
agility and endurance to one another’.

One male, usually the intruder, eventually 
departs, perhaps overawed by the aerobatics of his 
rival. Females who approach the perching area are 
also pursued by males and copulation occurs with-
out ‘conspicuous preliminary’ courtship, in the case 
of Chlosyne californica (Alcock, 1985a).

Hilltopping species are common in the butterfly 
families Hesperiidae, Lycaenidae, Nymphalidae, 
Papilionidae and Pieridae. Of course, not all hill-
topping butterflies are territorial, although many 

Fig. 4.1. Arctia virginalis Boisduval (Erebidae). BC, Canada. Photo: Lsadonkey, (Attribution n by CC BY-SA 4.0) via 
Wikimedia Commons

(a) (b)

Fig. 4.2a. Lesser spotted fritillary (Melitaea trivia nana). Mount Carmel, Israel. Attribution via Wikimedia Commons
Fig. 4.2b. Lesser spotted fritillary (Melitaea trivia). Flickr CC
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Mate-finding Strategies II: Hilltopping, Guarding and Excavating 51

are. For example, the hairstreak butterfly Arcas 
imperialis (Cramer) was observed to be highly ter-
ritorial on a small hill (870 m) of secondary forest 
in Colombia (Salazar, 2009). Territorial clashes 
between males occur and so-called ‘fights’ take 
place as they try to push out each other out of the 
territory using their wings.

Taking chunks out of each other?

Scientists have long debated the extent to which 
circling flights – involving interacting males in ter-
ritorial disputes – are contests over perching sites, 
and also the extent to which they are physically 
damaging, or not (e.g. Scott, 1974, 2006; Takeuchi 
et  al., 2016; Rutowski, personal communication). 
For example, Baker (1972) suggested that it was 
not certain that the ragged wings seen on some 
European peacock butterflies, Aglais io L. (Fig. 4.3), 
occurred because of territorial disputes. He thought 
that it was more likely that the damage was caused 
by the butterflies going in and out of their roosting 
sites, presumably in dense foliage. Nevertheless, 
despite their obvious lack of weaponry, there is 
growing evidence that physical damage can occur 
in clashes between butterflies in some species. For 
example, males of the Jamaican giant swallowtail, 
Papilio homerus F., seem to be able to damage each 

other in their disputes, where they spin around and 
clash into each other (Lehnert et  al., 2013). 
Similarly, in the cattleheart white, Archonias bras-
solis tereas (Godart), a South American pierid 
(Pieridae, Pierinae), territorial males engage in ‘air 
strikes’ during their spiral flights, which ‘usually 
produce loss of wing parts’ (Francini and Sobral-
Souza, 2019). Ronaldo Francini of the Universidade 
Católica de Santos, Brazil, managed to photograph 
such an ‘air strike’ between two males of A. b. 
tereas during an upward spiral flight, one of which 
had both right wings damaged. Whilst sceptics 
might still argue that such evidence is circumstan-
tial, butterflies are certainly capable of aggressive 
interactions, which, depending on size and circum-
stances, may or may not cause actual damage.

According to Stefanescu et  al. (2021), hilltop-
ping behaviour is particularly frenetic in the 
painted lady butterfly, Vanessa cardui L. (Fig. 4.4), 
when new migrants arrive in an area. Somewhat 
unusually, both male and female V. cardui wait 
about five to six days, on average, before mating. 
Courtship may involve groups of individuals ‘chas-
ing’ and ‘dancing’ around one another – flying 
rapidly in circles – for up to 5 s before breaking off 
(Hardesty, 1987)i. One can only guess at what sort 
of mate selection might be occurring in these swirl-
ing aggregations.

Fig. 4.3. Peacock butterfly (Aglais io) basking with wings open. Galicia, Spain. Photo: Raymond J.C. Cannon.
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52 Chapter 4

Hilltopping swallowtails

Many swallowtail species in the family Papilionidae 
are known to use hilltopping as a mate-location 
strategy, including the magnificent Giant African 
Swallowtail, Papilio antimachus Drury, 1782 
(Sáfián, 2013). The Papilio machaon group of swal-
lowtail butterflies exhibit marked hilltopping 
behaviour (Fig. 4.5). Takeuchi (2019) and Takeuchi 
et  al. (2019) described how, in Japan, male Old 
World swallowtails, Papilio machaon subsp. hip-
pocrates (Papilionidae), gather on hilltops and 
defend mating territories. When a male enters 
another’s territory, the territorial male rushes 
towards him and they chase each other until one of 
them flies away from the summit. However, 
Takeuchi et  al. (2019) suggested that such aerial 
contests in butterflies occur because ‘they do not 
know what their opponent is’. The erroneous 
courtship hypothesis, first suggested by Takeuchi 
et  al. (2016), is based on the idea that male but-
terflies in situations like territorial hilltopping can-
not fully discriminate the sex of flying conspecifics. 
Takeuchi (2017) also contended that butterflies are 
not able to inflict significant costs on each other, 
and male–male interactions are, as I interpret his 
theory, more exploratory than aggressive. Male 
swallowtails also chase other insects and birds, 
although these interspecific encounters are much 
shorter than male–male interactions.

In Alaska and north-west Canada, males of the 
subspecies Papilio machaon aliaska Scud. occupy 
territories on alpine-tundra hilltops (domes) during 
the summer (Murphy, 2008). Males are commonly 
found on these hilltops, but females are much rarer, 
presumably because they only stay on top of the 
domes long enough to mate, and then they fly 
downhill to their larval host plant sites. The anise 
swallowtail, Papilio zelicaon H. Lucas – another 
member of the P. machaon species complex – is a 
classic hilltopping species, for example on prairie 
hilltops and Rocky Mountain foothills in Western 
Canada (Dupuis et al., 2019). In habitats that lack 
such prominent hills, as in the Central Valley of 
California, USA, males orientate towards ‘vegeta-
tional discontinuities, small hills, or rises’ (Sims, 
1979), clearly making use of whatever elevational 
relief is available.

4.1.2 Niche segregation

Related species often partition the habitat space 
available on hilltops. For example, in central 
Arizona, USA, three different species of Tachytes 
Panzer (Hymenoptera, Crabronidaeii) wasps 
(Fig. 4.6) perch at different levels, all defending 
hilltop sites, during the late summer (Alcock, 
2007). All three species (T. ermineus, T. spatulatus 
and T. sculleni) can be found at the same hilltop, 
and they perch on many of the same plants at this 
location. The three species are, however, spatially 
segregated to some extent: T. ermineus Banks 
perches near the top of large shrubs and trees; 
T.  spatulatus W. Fox perches somewhat lower 
down on the same plants; and T. sculleni perches 
very close to or on the ground. In a similar sort of 
spatial segregation, three species of Chalcosyrphus 
Curran hoverflies (Diptera, Syrphidae) partitioned 
the space near the summit of a hilltop in Quebec, 
Canada, by hovering low over rocks, sitting on 
rocks, or perching on leaves (Skevington and 
Capinera, 2008).

Another remarkable example of niche segrega-
tion – in terms of vertical and horizontal space as 
well as their temporal distribution – was discovered 
by Prieto and Dahners (2006, 2009) for Eumaeini 
butterflies (Lepidoptera: Lycaenidae) on a small 
mountaintop in the Colombian Andes. These little 
lycaenids occur mostly at different levels within the 
canopy, corresponding to the heights at which the 
respective females fly in search of host plants. At 
least 20 relatively similar species utilize the same 

Fig. 4.4. Painted lady (Vanessa cardui) on thistles. 
Galicia, Spain. Photo: Raymond J.C. Cannon.
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Mate-finding Strategies II: Hilltopping, Guarding and Excavating 53

(a)

(b)

Fig. 4.5a. Swallowtail, Papilio machaon hispanicus, third generation brood (14 September). Photo: Raymond J.C. 
Cannon.
Fig. 4.5b. Hilltopping site, 210 m asl. Hotel Semáforo de Bares, Galicia, Spain. Photo: Raymond J.C. Cannon.
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54 Chapter 4

hilltop resource, segregating themselves without 
apparent competition. Another example of spatial 
and temporal segregation was found for 18 species 
of butterfly that were hilltopping near Barcelona, 
Spain (Corbera et  al., 2011). Some species, like 
Papilio machaon, established territories in the 
morning; while others, including Vanessa atalanta 
L. and Vanessa cardui, defended territories mainly 
in the afternoon. The evolution of temporal parti-
tioning enables species to avoid competition and 
effectively share a valuable resource, while segrega-
tion of vertical zones for species occupying the 
same niche increases the species-packing capacity 
of the habitat (Turner, 1990). Stratification also 
increases the likelihood of successful mate location, 
by reducing interspecific encounters. In effect, the 
perception of what constitutes a hilltop rendezvous 
site may differ, to some extent, between species 
(Turner, 1990).

4.1.3 Hilltopping in bees and wasps

Males of some Bombus Latreille species station 
themselves near prominent landmarks waiting for 
females, but true hilltopping behaviour is less well 
known in bumblebees (Goulson, 2010). Males of 
four Bombus species, or species groups, were found 
to congregate on or near the tops of hills in 
Scotland, although mating was not observed 
(Goulson et al., 2011). Bombus magnus Vogt is a 
species that occurs in upland areas in Europe, espe-
cially on heaths, such as in Galicia, Spain, where 
these large bumblebees can be seen flying over 

heather moorlands (Fig. 4.7), but evidence for true 
hilltopping is still needed.

Male South American carpenter bees, Xylocopa 
hirsutissima Maidl (Hymenoptera, Anthophoridae), 
establish territories on mountaintops (at 1000–
1200 m in Minas Gerais, Brazil) and hover a few 
centimetres above or behind (depending on the 
wind) prominent shrubs or trees in the late after-
noon (Velthuis and De Camargo, 1975a). Female 
X. hirsutissima fly upwind towards the males and 
land immediately behind the display site, where 
mating occurs (Velthuis and De Camargo, 1975b). 
Southern carpenter bees, Xylocopa micans 
Lepeletier (Fig. 4.8), on the other hand, establish 
territories along levee roads (elevated banks bor-
dering a water reservoir) in Texas, USA, which they 
patrol in figure-of-eight flight patterns, chasing off 
any intruders, including wasps, flies and butterflies 
(Frankie et al., 1979). Interactions between conspe-
cific males, some of which will be occupying neigh-
bouring territories, were described as ‘aggressive 
and pursuing in nature’ (Frankie et  al., 1979). 
Females probably orientate towards these high 
points – only about 12–15 m above the flat sur-
rounding landscape – and then fly towards promi-
nent vegetation, on which the males are perched, 
releasing a pheromone; in other words, visual ori-
entation followed by chemical attraction.

Hilltopping is relatively uncommon in wasps but 
has been reported in some species. For example, 
male pollen wasps, Pseudomasaris maculifrons 

Fig. 4.6. Tachytes etruscus (Crabronidae) female. Italy. 
Photo: Hectonichus, (Attribution by CC BY-SA 4.0) via 
Wikimedia Commons

Fig. 4.7. Northern white-tailed bumblebee (Bombus 
magnus). Galicia, Spain. Photo: Raymond J.C. Cannon.
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(Fox) (Vespidae, Masarinae), gather in loose aggre-
gations on elevated peaks and ridges in central 
Arizona (Alcock, 1985c), as do male paper wasps, 
Polistes commanchus Saussure (Matthes‐Sears and 
Alcock, 1986). Although individual male P. maculi-
frons wasps tend to return to the same perching 
sites on successive days, they are not overtly territo-
rial. Rather, males appear to compete by outracing 
one another to reach the ‘rare passing females’ 
(Alcock, 1985b).

Males of two species of paper wasp, Polistes 
canadensis (L.) and P. carnifex (F.), congregate 
along the crests of dry ridges in Santa Rosa 
National Park, Costa Rica (Polak, 1993a,b). Both 
species are territorial around small trees, but 
P.  canadensis males occupy territories in the sad-
dles, while P. carnifex occur on the hilltops. In 
P. canadensis, males use two alternative reproductive 
tactics: some (larger ones) are territorial, chasing 
away conspecific males; whilst others (smaller ones) 
patrol many territories along the ridgeline, hoping 
to sneak a copulation with a receptive female 
(Polak, 1993a). Individuals can switch between the 
two tactics, depending on the intensity of the com-
petition. As with some other hilltopping species, 
there is a scarcity of observed copulations, and 
males spend extended periods on these hilltop loca-
tions, seemingly without mating (see Chapter 20).

One species that has been particularly well studied 
by Professor John Alcock, of Arizona State University, 
is the tarantula hawk wasp Hemipepsis ustulata 
Dahlbom (Hymenoptera, Pompilidae) (Fig. 4.9). This 
species – together with the great purple hairstreak, 
Atlides halesus, mentioned above – perches on, and 
sometimes defends, prominent landmark sites, such as 
the crowns of palo verde (Cercidium microphyllum 
Torr.) bushes, and other trees, on peaks and ridgetops 
in the Sonoran Desert, USA (Alcock, 1981, 1985c). 
The males perch on the outer twigs of these shrubs, so 
that they are prominently silhouetted against the sky, 
for 4–5 h in the mornings. These territorial males 
repel other males that approach their sites, occasion-
ally engaging in escalated contests where the two 
wasps ‘fly rapidly upward in close proximity for 
many meters before diving back down to the con-
tested site’ (Alcock, 2000). In his delightful book on 
the Sonoran Desert, Alcock (1985c) wrote: ‘Usually 
the spiralling wasps reach heights of fifty to one hun-
dred and fifty feet ... [sometimes] ... out of sight.’

The resident wasp almost always retains control 
of his territory (Alcock and Bailey, 1997). Further 
studies showed that the larger males are more likely 
to gain territories in the first place (Alcock, 1979b), 
and the very largest individuals eventually acquire 
the best sites, which are the most popular (Alcock, 
1981; Alcock and Carey, 1988).

Fig. 4.8. Southern carpenter bee, Xylocopa micans female. Florida, USA. Photo: Judy Gallagher.
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56 Chapter 4

Year after year in the Arizona spring, these wasps 
return ‘to claim the same palo verdes as their ances-
tors’ (Alcock, 1985c). The landmarks retain their 
same relative attractiveness as rendezvous sites for 
the elusive females from year to year (Alcock, 
1983a), and the wasps wait ‘with inexhaustible 
patience for the females to arrive’ (Alcock, 1983a). 
Other wasps, including a small ground-nesting soli-
tary species, Tachysphex menkei Pulawski, also 
engage in hilltopping behaviour in the same area of 
Usery Mountain in central Arizona, where they 
defend small landmark territories (Alcock, 2011a).

4.1.4 Hilltopping in flies

Many different species of flies (Diptera) congregate 
on landmarks of all types – vegetation, tracks, 
rocks, stream, canyons or hilltops – for mate detec-
tion. Courtney et al. (2017) suggested that the dif-
ference between discrete landmarks and hilltops is 
that landmarks are usually only used by a single 
species, whereas many species, sometimes hun-
dreds, many be associated with hilltops. Some spe-
cies in the families Cuterebridae, Muscidae and 
Tachinidae aggregate in aerial swarms, hovering 
above prominent points on hilltops or distinctive 
landmark features (Alcock, 1983d). Having chosen 

a particularly attractive location, based presumably 
on the likelihood of encountering a female, the 
males wait for the arrival of a potential mate. For 
example, female Mydas ventralis (Gerstacker) flies 
(Mydidae) fly up to the landmark territories – 
rocks, shrubs or exposed vegetation – of hilltop-
ping males, and ‘circle about in slow and 
conspicuous loops’ (Alcock, 1989a). This stimu-
lates any male in the vicinity to fly up from his 
perch and approach the female, grasping her in the 
air and flying off in copula.

At least 34 different families of Diptera are 
known to hilltop (see Skevington and Capinera, 
2008 for a complete list) with large aggregations 
commonly occurring in flesh flies (Sarcophagidae 
Macquart), bee flies (Bombyliidae Latreille) and 
tachinids (Tachinidae, Bigot) (Ziegler and Lange, 
2001). Hilltops need to be distinctive and visible to 
flies from a distance, but the heights of landmarks 
used by different species vary enormously. Syrphids 
in the genus Platycheirus Lepeletier & Serville were 
collected from the highest points of the central 
mountain range in Taiwan, up to 3416 m above sea 
level (van Steenis et al., 2019).

Some hilltopping flies show no obvious territori-
ality and males of different species often share the 
same location, albeit segregating themselves on 

Fig. 4.9. Tarantula hawk wasp female. USA. Photo: Sarah Zukoff.
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different mating stations. In others, such as 
Leschenaultia adusta (Loew) (Tachinidae), males 
vigorously defend small perching sites, often on 
stones or conspicuous trees and shrubs, repelling 
intruders in ritualized ‘back and forth’ pursuit 
flights (Alcock and Smith, 1995; Alcock and Kemp, 
2006). One hilltop in a remote area of Queensland, 
Australia, is named Fly Hill, because it is such a 
mecca for entomologists collecting tachinids 
(O’Hara et al., 2014). Hilltops are sometimes the 
only places where certain species can be reliably 
studied or collected.

Bee flies (Diptera, Bombyliidae) are powerful fly-
ers that can hover in mid-air (Fig. 4.10). Males 
frequently gather on hilltops, where they occupy 
and defend sites close to the ground, hovering one 
or more metres above their territory, keeping a 
lookout for females. One Australian species, 
Comptosia tutela Yeates, found in south-east 
Queensland, perches in clearings on wooded hill-
tops and darts out to intercept flying insects (Yeates 
and Dodson, 1990). Territorial fights with conspe-
cific males involve aerial collisions, in which modi-
fied spines on their wing margins can produce scars 
on their opponents (Dodson and Yeates, 1990). 
Males intercept any females that enter their territor, 
and a tail-to-tail mid-air coupling ensues. No overt 
courtship behaviour was observed prior to copula-
tion in this species, though courtship can occur in 
bombyliids (see Chapter 9), and the same territo-
ries are used by different generations of flies, year 
after year (Yeates and Dodson, 1990).

Bot or warble flies (Oestridae, Leach) are often 
encountered on hilltops, despite being relatively 
rare in other parts of their habitat (Catts, 1979; 
Skevington and Capinera, 2008). In some places, 
their attraction to an elevated site coincides with 
that of a variety of other species, including wasps 
and butterflies, for example (Alcock, 1984). In 
other cases, they aggregate on isolated hilltops in 
remote areas occupied by their mammalian prey. 
For example, the reindeer nose bot fly, Cephenemyia 
trompe (Modeer) (Oestrididae), is a parasite that 
colonizes the nostrils and pharyngeal cavities of 
reindeer and caribou (Rangifer tarandus L.). Female 
Cephenemyia species larviposit on the nostrils of 
their hosts (Colwell et al., 2006). They hover close 
to the head of the reindeer and eject or squirt 
(called a ‘strike’) small packets of larvae into the 
nostrilsiii. The larvae develop in the pharynx of  
the reindeer, before eventually being ejected by the 
host, and then pupate in the soil. After emergence 
from pupae, adult flies search for mating sites, and 
males aggregate on hilltops and mountains at c. 
500–600 m in northern Norway (Nilssen and 
Anderson, 1995). The males rest on rocks and veg-
etation on the hilltops and fly up to investigate 
passing insects, in search of females (Downes et al., 
1985). This hilltopping behaviour of nasal bot flies 
ensures that widely dispersed individuals become 
more and more aggregated as they move uphill.

Other species of bot flies, such as Cuterebra 
Clark species (Oestrididae, Cuterebrinae), also 
exhibit landmark-based territoriality, defending 
small territories on ridgetops (Alcock and Schaefer, 
1983). Cuterebra austeni Sabrosky is remarkably 
consistent in its use of ridgetop perching sites, using 
the same locally elevated, vegetation-free sites in 
Arizona, USA, for more than two decades (Alcock 
and Kemp, 2004). Some individual males return to 
the same perching site on subsequent days, but the 
turnover rates in terms of ownership are relatively 
high, with only 10–20% of males coming back to 
the same site after 2 days.

Hilltopping is also common in tachinid species, 
which are good flyers and often aggregate of hill-
tops and mountains. They are frequently accompa-
nied by a host of other dipteran species. For 
example, Wood (1996)iv described finding an abun-
dance of flies from seven different families on Mont 
Rigaud, a 220 m summit in Western Quebec, 
Canada, as well as sawflies and butterflies of vari-
ous species. Thick-headed flies (Diptera, Conopidae) 
were also found at Mont Rigaud in a separate 

Fig. 4.10. Bee fly (Bombylius major) with proboscis in 
wallflower. UK. Photo: Raymond J.C. Cannon.
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study by Mei et al. (2010). Conopids generally have 
very sparsely distributed populations and are rarely 
encountered, but most species engage in hilltopping 
activity to some extent. Swarms of winged ants, of 
mixed species, were also recorded on Mont Rigaud 
in a study by Leprince and Francoeur (1986). For 
more on swarming ants, see Chapter 6.

The fact that flies aggregate on peaks in often 
inhospitable alpine and subalpine habitats points 
to the benefits of this mate-finding strategy, 
although the summiting of high peaks is usually 
restricted to a few sunny days, when weather con-
ditions are favourable. Tachinid species found on 
mountain tops above 2000 m in the South Tyrol 
area of Italy included several Sarcophaga Meigen 
flesh flies, such as S. carnaria L. (see Fig. 12.17) 
(Ziegler and Lange, 2001). There is a diversity of 
mating systems in Tachinidae, and some species 
aggregate in large numbers on landmarks, such as 
field margins, in much the same way as butterflies. 
For example, dense aggregations of male 
Opsomeigenia xylota (Curran) (Tachinidae, 
Opsomeigenia) were found clustered on low vege-
tation on flat land along field borders on a farm in 
New York state, USA (Messina, 1981).

Tabanid flies – Hybomitra arpadi (Szilady) 
(Tabanidae) – hovering on hilltops in northern 
Canada (Churchill, Manitoba) almost always hov-
ered in the sun, and managed to maintain thoracic 
temperatures of 40.0°C, as much as 23.5°C above 
ambient (Smith et al., 1994). Different Hybomitra 
horsefly species shared small hovering arenas on 
the taiga but segregated themselves in space by 
hovering at different heights. The males only inter-
rupted their hovering to pursue females, or to 
engage with other males, of more than one species, 
in vigorous spiralling flights.

Hilltopping is also well known in hoverflies 
(Syrphoidea, Syrphidae Latreille) (see Fig. 9.7) and 
big-headed flies (Syrphoidea, Pipunculidae Walker). 
For example, Australian big-headed flies in the 
genus Clistoabdominalis Skevington (Pipunculidae) 
were found hovering around shrubs near to the 
summit – on prominent, isolated, conical hilltops – 
on Mt Moffatt (1097 m), in Queensland, Australia, 
another well-known site for hilltopping insects 
(Skevington, 2001; O’Hara, 2003). Likewise, thou-
sands of male syrphids of the genera Melangyna, 
Parasyrphus, Platycheirus and Syrphus were seen 
hovering at a height of 1–3 m above the ground on the 
top of a mountain in Eastern Siberia, Russia (Barkalov 
and Nielsen, 2007). The greatest concentration of 

these flies was at the highest point of the mountain, 
at 1650 m above sea level. Female syrphids flew up 
to the mountain tops in the late afternoon on flows 
of warm air and copulation took place there.

Hilltopping is an important mating strategy in 
some (but not all) pipunculids. Similarly, syrphids 
employ a variety of different mate-locating strate-
gies, of which hilltopping is only one, and it prob-
ably evolves when females are scarce and hard to 
find (Alcock, 2011b). Male syrphids usually search 
for mates near feeding or oviposition sites, where 
they may hover for long periods in search of 
females (Omkar, 2016). Male syrphids also congre-
gate at specific times on lekking sites, e.g. under 
trees or on hilltops. The degree of territoriality is 
highly variable, with some species using alternative 
non-aggressive patrolling and scramble competi-
tion for mates. Year after year the syrphid fly, 
Palpada mexicana (Macquart), gathers to perch or 
hover near prominent palo verde trees on a ridge in 
Maricopa County, central Arizona, USA (Alcock, 
2011b). The flies favour certain landmarks over 
others, such as openings between plants that might 
channel passing females, and a small proportion 
(20%) return to the same site on subsequent days.

4.1.5 Hilltopping beetles

Hilltopping is not unknown in beetles. Alcock and 
Dodson (2008) described how male cerambycid 
beetles, Dendrobias mandibularis (Dupont), 
defended the ripe fruits of hilltop saguaro cacti, 
Carnegiea gigantea (Engelm.) Britton & Rose, in 
Arizona. The beetles were hilltopping to find mates, 
but also enhancing their likelihood of encounters 
by defending a resource – a single ripe fruit – that 
is highly attractive to receptive females, i.e. resource 
defence polygyny (Goldsmith and Alcock, 1993). 
The D. mandibularis males use their large mandi-
bles to grapple with one another, and larger indi-
viduals have a significant advantage in these 
contests. Smaller males were nonetheless successful 
in terms of acquiring mates, avoiding contests with 
the larger males and scrambling for opportunities 
to mate with females on undefended saguaro fruits.

Flightless blister beetles (Coleoptera, Meloidae) 
would seem to be unlikely candidates for hilltop-
ping, yet there are reports of hilltop aggregations 
in this family (e.g. Paris and Olea, 2003). Some 
species, such as the attractive Lytta magister Horn 
(Fig. 4.11), can fly and were found on flowering 
plants on a 620 m ridge in the Sonoran Desert, 
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Arizona, USA (Hendricks, 1984). The presence of 
individuals feeding on these favoured food plants 
attracts others, forming concentrated aggregations 
of several hundred males and females on the promi-
nent ridgetop sites (Snead and Alcock, 1985). 
Mating is relatively lengthy in Lytta magister – up 
to 24 h in copula – with large males pairing off with 
large females (i.e. assortative mating). During mat-
ing, the males transfer the terpenoid, cantharidin, as 
a nuptial gift to the females (see Chapter 19). For wing-
less species, like Meloe proscarabaeus L. (Fig. 4.12) 
photographed by the author on a prominent hilltop 
in Galicia, Spain, the energetic costs of this type of 
mating strategy must be considerable.

4.2 Hovering, Guarding and Waiting

4.2.1 Defending a prospective mate

In many species, from bees to butterflies, newly 
emerging unmated females are pounced upon by 
males who have often spent some time competing 
amongst themselves for access to the site of emergence, 

or eclosion. For example, in eumenid potter wasps 
(Fig. 4.13) in the genus Epsilon Saussure (Vespidae, 
Eumeninae), males compete with each other to 
defend a group of brood cells and then mate with 
virgin females when they hatch out (Smith and 
Alcock, 1980). Potter wasps Euodynerus foramina-
tus (de Saussure) have a similar system, where 
protandrous males compete for dominance of nest 
cells to mate with their female sisters as they 
emerge (O’Neill, 2001).

The defence of female nests and emergence sites 
(female defence polygyny)v, be they singly or multi-
ply occupied, occurs in a wide variety of insects. 
Monopolization of a group or cluster of females – 
sometimes called a harem – occurs in some eume-
nid wasps, bumblebees, sphecid wasps and so on 
(see Thornhill and Alcock, 1983), whereas the 
defence of emerging females by multiple-mating 
males, i.e. one by one as the receptive females 
appear, occurs in a wider group, including butter-
flies, ants, wasps and bees, as discussed below.

An interesting example of female defence polyg-
yny occurs in Montezumia cortesioides Willink 

Fig. 4.11. Lytta magister (Coleoptera, Meloidae), mating pair. Photo: Patrick Alexander.
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(Vespidae, Eumeninae), where males stand vigil, 
with their heads directly over the cells of the emerg-
ing females, for extended periods (West-Eberhard, 

2005). In this species, observed by Professor Mary 
Jane West-Eberhard in Colombia, South America, 
the female antennated the male and came partially 

Fig. 4.12. Black oil beetle (Meloe proscarabaeus). Galicia, Spain. Photo: Raymond J.C. Cannon.

Fig. 4.13. Potter wasp, Phimenes flavopictus (Vespidae, Eumeninae). Thailand. Photo: Raymond J.C. Cannon.
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out of her cell, but withdrew, then withdrew again 
when the male moved. This partial emergence con-
tinued repeatedly as the female chewed her way out 
of the brood cell, without getting her thorax past 
the mouth of the cell. However, as soon as the 
female emerged completely from the brood cell, the 
male mounted her, with his mandibles positioned 
between the female’s head and thorax. The pair 
then flew off in tandem. (See Chapter 13 for anten-
nation in eumenid wasps.)

4.2.2 Defending a vital resource

In other cases, males compete for access to females 
as they come and go from nesting sites, or for 
ownership of the nest itself (i.e. resource defence 
polygyny); see section 4.2.4 for snail-shell bees. 
For example, male resin bees, Dianthidium curva-
tum Smith (Megachilidae) (Fig. 4.14), gather at 
nest aggregations – nesting sites with up to 250 
cells within a radius of about 1 m – and pounce 
on females from above as they return to nest 
entrances (Michener and Michener, 1999). The 
males attempt to grasp the females with their legs 
as they arrive back at their nests carrying pollen 
or resin. Both sexes can mate more than once in 
D. curvatum and males engage in numerous sex-
ual contacts, probably copulating hundreds of 
times during their lifetime and often rapidly 
switching from female to female.

… a marked male copulated for 124 s with one 
female (provisioning pollen), grabbed a second 
female (initiating a new cell) but lost contact when 
they fell from the bank face, chased a third female 
(collecting pebbles) as she entered her burrow and 
shortly thereafter retained contact with this female 
for 49 s, then attempted to pounce on the second 
female again. (Michener and Michener, 1999).

In territorial species, such as hyaline bees 
(Hymenoptera, Colletidae) for example, large 
males perch on and defend flowers, or other sites 
that attract receptive females, and engage in grap-
pling fights among themselves for possession of the 
preferred territory (Alcock and Houston, 1996).

Some male hoverflies hover for long periods in 
the air at both feeding and oviposition sites (Omkar, 
2016), while others actively search for females on 
flowers or near emergence sites. Both areas may be 
aggressively defended, and male syrphids ‘pounce 
on or chase’ insects of different species and ‘swiftly 
initiate copulation’ with females of their own spe-
cies (Waldbauer and Ghent, 1984).

4.2.3 Bumblebees (Bombus species):  
waiting for females to pass by

Male bumblebees (drones) are produced towards 
the end of summer and, depending on the tempera-
ture, develop over the course of about 24–28 days 
(Belsky et  al., 2020). There then follows a short 
period (6–20 days) of sexual maturation before they 
leave their natal nest to seek queens from other 
nests with which to mate. Three basic mate location 
strategies exist in bumblebees: (i) patrolling;  
(ii) waiting near nests; and (iii) perching. In some 
species, like Bombus lapidarius L. (Fig. 4.15), the 
drones patrol an area of around 100 m from their 
nest and leave scent markings (see Chapter 7.4.1) 
along this nuptial path, to attract virgin females 
(called gynes). In other species, such as Bombus 
ruderarius (Müller), Bombus sonorus Say. (Fig. 4.16), 
B. hypnorum L. and B. muscorum (L.), males con-
gregate at nest entrances seeking to mate with gynes 
as they come and go from the nest. The third strat-
egy is one of perching: resting on, or hovering near, 
a prominent perch, looking out for females.

4.2.4 Sicilian snail-shell bees: owning  
the shell

Some solitary bees (Apiformes, Megachilidae) nest 
in empty gastropod shells. In Europe, about  

Fig. 4.14. Dianthidium curvatum Smith (Megachilidae), 
side view. Georgia, USA. Photo: USGS Bee Inventory 
and Monitoring Lab (BIML).
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30 species in the genera Osmia, Hoplitis, Protosmia 
and Rhodanthidium nest in this way (Bogusch et al., 
2020). In the snail-shell bee, Rhodanthidium siculum 
Spinola (Megachilidae, Megachilinae, Anthidiini) 
(Fig. 4.17), males compete with one another to 

occupy discarded snail shells. Females of this species 
use the empty shells of coastal snails as brood sites, 
or nesting chambers, for their eggs. They select an 
appropriately sized shell and deposit within it a mix-
ture of sand and saliva, prior to provisioning it with 
pollen and nectar for the developing larvae. Males 
fight aggressively with one another to occupy or 
‘own’ the shell selected by the female as a nest cham-
ber. The winner of the contest – usually the larger 
male – then sits on the shell and attempts to copulate 
with the female when she returns from provisioning 
trips. The smaller female is intercepted ‘and forced to 
copulate’, this occurring with remarkable frequency: 
once every 3 min, on average, over a period of 2–3 h 
(Erbar and Leins, 2017).

Both males and females in Rhodanthidium sicu-
lum are polygamous. Although the larger males 
mate repeatedly with the same female, they also 
move on to another territory, where they adopt a 
new empty snail shell, selected by another female. 
The females mate repeatedly during the provision-
ing of a nest chamber, with both large and small 
males, and after completing one nest they go on to 
prepare another snail shell, accompanied by subse-
quent matings with other males (Erbar and Leins, 
2017). Claudia Erbar and Peter Leins of Heidelberg 
University, the authors of this study – which was 
carried out at two sites south of Syracuse, in Sicily, 
during 2014 and 2016 – reported that smaller 

Fig. 4.15. Red-tailed bumblebee (Bombus lapidarius) on spear thistle. UK. Photo: Raymond J.C. Cannon.

Fig. 4.16. Sonoran bumblebee (Bombus sonorus). 
Photo: Judy Gallagher.
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males sometimes managed to copulate with females, 
even ‘under the eyes of the “owner” of the snail 
shell’. Also, another observation suggested that the 
multiple copulations may involve a degree of coop-
eration by the female, because towards the end of 
the nest-filling process the female repels both large 
and small males by attacking them ‘with open man-
dibles’. The authors stated that ‘our knowledge 
about this interesting hymenopter[an] is still very 
limited’ but the study provides a fascinating exam-
ple of the complexities of mating in this species and 
the difficulties in ascertaining exactly what is going 
on; in other words, determining the degree of 
acceptance, cooperation and choice exacted by the 
female. Was she coerced into mating, or was she in 
effect ‘screening’ the different males (Eberhard, 
2002) and perhaps making unseen cryptic choices?

4.3 Bees Digging up Females

4.3.1 Dawson’s burrowing bee and other 
Anthophorini

Dawson’s burrowing bee, Amegilla dawsoni 
(Apidae, Anthophorini), is a large (up to 23 mm in 
length), solitary, ground-nesting species that occurs 
in Western Australia (Fig. 4.18). It is dimorphic, 
with two types of males: small, unaggressive minor 
males; and larger, more aggressive major males. 
The minor male bees are about half the size, by 
weight, of the major males, on average (Alcock, 
1996a). The major males have longer mandibles 
and more robust bodies and are about the same 

size as the furry white females (Houston, 1991). 
These bees usually occur in large, dense aggrega-
tions, and although the females excavate solitary 
burrows, there may be up to 10,000 such nests, 
spaced slightly apart (with up to 35 burrows/m2) 
but clustered together in a giant colony in clay pans 
of central Western Australia (Alcock, 2013). There 
are numerous videos of Dawson’s burrowing bee 
available online, of which one of the best is by the 
BBC Natural History Unit, available at: https://m.
youtube.com/watch?v=mtpECWl-5v4.

For about one month in the year, the bees emerge 
from the ground, ‘gnawing their way to the surface’ 
(Alcock, 1996b), where they have been resting and 
developing since the previous year; the males 
emerge before the females (i.e. protandry). The 
major males, who roost outside on nearby foliage 
at night, patrol the colony looking for females that 
are about to emerge from their developmental bur-
rows. These larger males compete vigorously with 
each other for access to the females, and the largest 
ones usually win the fights to be in the best posi-
tions to mount sexually receptive virgin females as 
they emerge from the ground (Alcock, 1996c).

Male Dawson’s bees often guard emergence tun-
nels (which they detect with their antennae), wait-
ing for an adult to emerge but not knowing if it will 
be a male or a female (Alcock, 2013). So, even 
though the overall mate-searching system appears 
to be one of scramble competition between males, 
an element of temporary territoriality emerges 
around emerging females (Paxton, 2005). The wait-
ing male then pounces on the emerging bee, but 

(A) (B)

Fig. 4.17. (A) Female on empty snail shell. (B) Large male ‘guarding’ the snail shell. Rhodanthidium siculum 
Spinola, (Megachilidae). From: Erbar and Leins (2017), Fig. 1; with kind permission of Claudia Erbar and Peter Leins, 
Heidelberg University, Germany.
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soon releases it if it is another male. Females may 
be the target of a number of eager males, leading to 
the formation of a large mating ball of males, all 
competing to copulate with the recently emerged 
female. A video of a Dawson’s bee mating frenzy is 
available at: https://m.youtube.com/watch?v=KnJ8
4f9ExXw&feature=youtu.be . Eventually, a pair – 
the female and one successful male – break free 
from the group and ‘run for cover’ (Alcock, 2013). 
Even then, the pair may be pounced on by other 
males, resulting in formation of a new mating ball, 
but somehow a pair will emerge and fly off to a 
concealed site in the bush where their post-copulatory 
interaction takes place.

The emerging females signal their receptivity via 
cuticular hydrocarbons (CHCs) (see Chapter 16), 
which gradually become more intense if they 
remain unmated after emerging (Simmons, 2015). 
The act of copulation, i.e. insemination, appears to 
change the attractiveness of females, such that nest-
ing females, which have of course mated, are now 
unattractive to mate-searching males. Virgin females 
are also unattractive to mate-searching males if 
their CHCs are washed off their cuticles (Simmons 
et al., 2003). Female A. dawsoni are monogamous 
and rarely mate more than once. Females produce 
daughters at the beginning of the season followed 
by large sons (major males) in the middle and small 
sons (minor males) at the end. Females place one 
brood cell directly above another, in doublets, and 
minor males are often in cells above either females 
or other males (Beveridge, 2006). Maxine Beveridge 
suggested that:

… although minor males have low reproductive 
success, their production may nonetheless be benefi-
cial in that minor males open up emergence tunnels 
for their larger and reproductively more valuable 
siblings (Beveridge, 2006).

Pre-copulatory courtship is absent in A. dawsoni, 
with males pouncing on females as soon as they 
come into contact. Copulation involves several 
auditory exchanges, however. The male mounts the 
female and his copulatory thrusts are accompanied 
by audible noises (a ‘zip’) to which the female 
replies with a ‘buzz’ (Simmons et al., 2000).

Mating was accompanied by convulsive twitches at 
the rate of about one every two seconds. Twitches 
appeared to be produced by sudden flexions of 
the male’s hind legs which wrapped around the 
abdomen of the female and were accompanied by 
downward thrusts of his antennae. (Houston, 1991)

Minor males, which greatly outnumber their 
larger siblings, adopt different, less aggressive tac-
tics, looking out for females at the periphery of the 
emergence sites, or searching for mates at flower 
patches where the females come to forage (Alcock, 
1997a). They are, in effect, opportunistically search-
ing for females who have escaped being grabbed 
and mated by the major males. This tactic is far less 
successful, as nearly 90% of all virgin females mate 
with major males immediately after they emerge, 
yet minors make up 66–80% of the male popula-
tion (Alcock, 1996c). The predominance of morphs 
engaged in this low-payoff tactic remains something 
of ‘a puzzle’ (Alcock et al., 2010), but some minor 
males will search for mates at emergence areas, 
when competition is low (Alcock, 1997a).

A closely related burrowing bee, Amegilla 
(Asarapoda) paracalva (Apidae) from Western 
Australia, also nests in large aggregations which 
males search for emerging females (Alcock et  al., 
2010). A. paracalva males search aggressively for 
emerging females and attack and drive off any 
rivals. They wait, guarding the exit of the emergence 
tunnel, ready to grasp and mate with an emerging 
female. After a female is captured by a male, copu-
lation quickly occurs, followed by a period of post-
copulatory courtship lasting for several minutes 
(see Chapter 10).

Males of A. paracalva differ from A. dawsoni 
(where some males weigh more than females) in 
that males are smaller than conspecific females, on 
average. However, A. paracalva males also have 
two mate-locating tactics: (i) aggressive defence of 
female emergence sites; and (ii) patrolling of flower 
patches visited by the females (Alcock et al., 2010). 
So, in both species, there are some (minor) males 
that actively avoid competition at emergence sites; 
instead, they patrol flower patches in search of 
potential mates (Alcock, 1997a). This alternative 
strategy means that not all emerging A. paracalva 
females are immediately captured and mated when 
they emerge from the groun, and, as in A. dawsoni, 
there is a pool of potential mates for the minor 
males to search at local flower patches.

4.3.2 Centrid digger bees

Many solitary bee species in the tribe Centridini 
(Apidae) nest in large aggregations in the ground, 
comprising hundreds of females. The New World 
genera, Centris and Epicharis Klug, have large bris-
tly hindlegs (scopae) with which they transport 
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pollen mixed with floral oil, collected from flowers 
using setae on their fore- and mid-legs (Martins 
et  al., 2014). For example, Epicharis dejeanii 
Lepeletier (Centridini) males in southern Brazil 
search for females during the ‘wet-warm’ reproduc-
tive seasons (Pina et al., 2022). The males have two 
mating patrol strategies: (i) searching near the 
ground; and (ii) flying over trees at heights of about 
2.5 m. Males patrolling above the plants are larger, 
but both strategies are effective, in terms of copula-
tion success. Males compete to find receptive 
females, either digging at nesting sites or intercept-
ing them during visits to flowers. A video of 
Epicharis dejeanii mating behaviour is included in 
Pina et  al. (2022) and is available at: https://doi.
org/10.6084/m9.figshare.11961222.v1

Dec and Vivallo (2021) reported that when one 
male Epicharis dejeanii starts digging, other males 
accumulate near him, sometimes creating a cluster 
of more than ten individuals, all digging intensely 
in the soil. A video of an E. dejeanii (Apidae: Centridini) 
mating cluster is included in the Supplementary 
Information in Dec and Vivallo (2021) and is avail-
able at: https://doi.org/10.1007/s13592-020-00825-7

The genus Centris F. (Fig. 4.18) comprises about 
250 relatively large (up to 3 cm), fast-flying bee spe-
cies, distributed from Argentina to south-west USA. 
Many nest in large aggregations and engage in 
scramble competition for emerging females at nest-
ing sites, as well as territoriality around food plants.

Male Centris pallida Fox (Apidae, Centridini) 
bees employ two alternative mate-location strategies: 
some males (patrollers) fly low over the ground 

searching for emerging virgin females; while other 
males (hoverers) hover around the borders of the 
emergence sites, waiting by flowering trees and 
shrubs for the females to come to them (Alcock 
et al., 1977). The adopted strategy depends on size: 
‘large males patrol and dig, small males hover’ 
(Alcock et  al., 1976b). Hoverers obtain mates by 
chasing after airborne females, which they capture 
in flight. Large male C. pallida patrollers locate 
sites where a buried conspecific bee is about to 
emerge and dig down by gnawing at the soil sur-
face with their jaws. They then use both fore- and 
hindlegs to move and shovel soil away to create a 
pit big enough for their body, effectively monopo-
lizing any emerging virgin female (Alcock et  al., 
1976b, 2013). Males fight each other for posses-
sion of these sites and mating commences as soon 
as the virgin female emerges into the excavation 
pit. The males do not release the female after 
insemination, but instead engage in a post-copulatory 
display with both tactile and acoustical elements 
(Alcock and Buchmann, 1985). If females do not 
receive this post-copulatory stimulation, they 
remain receptive and are liable to mate with 
another male. Smaller males are sometimes driven 
off by larger males before they can complete their 
post-copulatory displays, so this requirement for 
post-coital stimulation may increase the females’ 
chances of obtaining sperm from a larger, more 
dominant male (Alcock and Buchmann, 1985). A 
video filmed in Arizona shows a male Centris pal-
lida attempting to excavate a female, available at: 
https://youtu.be/WZ13P0C8soM

4.3.3. Colletes mining bees

Males of the ground-nesting mining bee, Colletes 
cunicularius (L.) (Colletidae) (Fig. 4.19), search nest-
ing aggregations for emerging females. Females pro-
duce both buzzing sounds (soil buzz sounds and 
vibrations) and volatile odours as they dig their way 
up to the surface from their subterranean nests 
(Larsen et al., 1986). Males detect and unearth pre-
emergent, unmated females (and males) that have not 
yet dug their way up to the soil surface (Cane and 
Tengö, 1981). It is thought that a volatile component 
of the cephalic secretions of the virgin females, 
(S)-(+)-linalool (see Chapter 7), acts as a mate-attrac-
tion pheromone in this species, which focuses the 
searching behaviour of the aerially patrolling males 
(Borg-Karlson et al., 2003). The males then aggregate 
at the spot and compete with one another to unearth 

Fig. 4.18. Centris errans (Apidae, Centridini), female. 
Bahamas. Photo: USGS Native Bee Inventory and 
Monitoring Laboratory (BIML).
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the monandrous female and mate with her. Males use 
the buzzing sounds and vibrations, as well as volatile 
odours, to pinpoint the location of the female 
(Larsen et  al., 1986). On emerging, the receptive 
female is covered by tens of scrambling males, but 
within only a few minutes after the initiation of 
copulation, the other males depart and leave the pair 
unattended (Borg-Karlson et al., 2003).

4.4 Wasps Digging up Females

Males emerge before females in many solitary 
wasps, including Bembicinae (Crabronidae), where 
females are monogamous. Evolutionary pressures 
have selected for protandry because any male that 
fails to mate with a female as soon as she emerges 
will be unlikely to pass on his genes to the next 
generation (although there is often a small percentage 
of sneaker males who avoid direct competition; see 
below). Thus, males of many bees and wasps are 
present in abundance during the period of peak 
emergence of receptive females to maximize their 
opportunities for mating, and this can result in 
intense scramble competition.

4.4.1 Sand wasps

Male sand wasps in the Tribe Bembicini (Crabronidae, 
Bembicinae) typically search for receptive females 
by patrolling nesting and emergence sites in sandy 

soil habitats (Evans and O’Neil, 2007). Male digger 
wasps, Bembix rostrata (L.) (Fig. 4.20), typically 
spend more than 50% of their time in flight, patrol-
ling the ground and searching for emerging virgin 
females. However, some males switch mate-finding 
tactics, from patrolling to territoriality, at low male 
densities and/or high ambient temperatures, prob-
ably to avoid overheating (Larsson, 1991).

Large aggregations of males can occur in nesting 
areas, with some species in the genus Bembix 
engaging in so-called ‘sun dances’ (see Chapter 12), 
a form of scramble competition between males 
fighting for access to females. Over 3000 male 
Glenostictia satan Gillaspy (Bembicini) sand wasps 
were recorded patrolling a small, sparsely vegetated 
area in Upper Sonoran Desert, New Mexico, in a 
mating aggregation that could be heard over 20 m 
away (Longair et al., 1987). Male G. satan wasps 
walk and dig into the soil searching for females, 
often in large groups. When a newly emerging indi-
vidual (male or female) is detected, as many as  
35 males cluster together, often remaining clustered 
for hours, even when there is no female emergence, 
according to Longair et al. (1987). However, when 
a female does emerge, a tight mating ball of males 
will form and copulation usually follows within 
30–120 s. The pair that join in copula are normally 
undisturbed, and they leave the cluster and walk a 
few metres away. G. satan is unusual in having 
such densely aggregated nest sites; in other species 

Fig. 4.19. Colletes cunicularius, mating pair. Photo: Lukas Large.
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of sand wasps the nests tend to occur in small, scat-
tered clusters.

In other species, such as Bembecinus quinquespi-
nosus (Say), males also search for virgin females 
just as they are emerging from the ground and 
attempt to dig them out. Digging males attract 
competitors, so that when the female finally 
emerges, a cluster of males – a mating ball with as 
many as 50 males – forms around her, as each male 
fights to mount and carry her off in flight (O’Neill 
et al.,1989). The mating success of males is corre-
lated with their body size, because the larger ones 
are better able to carry the female away from the 
emergence area to nearby vegetation, where mating 
can occur without harassment. A cohort of smaller, 
dark-coloured males do not compete for access to 
emerging females, but patrol the periphery of the 
nesting area, searching for any receptive females 
that managed to leave the emergence area unmated. 
There is a size-linked colour polymorphism in  
B. quinquespinosus in eastern Colorado, USA, with 
larger males becoming progressively more yellow 
on average (O’Neill and Evans, 1983).

4.5 Mating Balls in Bees,  
Wasps and Stoneflies

Mating balls can form where there is intense com-
petition for virgin females (Fig. 4.21). In most soli-
tary bees, females only mate once, so the number of 
sexually receptive females present at any one time 
is very much lower than the number of sexually 
active males trying to mate (Paxton, 2005). As 
Alcock (2013) put it, the premium goes to those 
(usually very large) males who can prevent other 
males from reaching a virgin female before they do 
(see Dawson’s burrowing bee, above). Males scram-
bling to secure a newly emerged female in a mass 
wrestling match have been reported for numerous 
species of bees, wasps and flies (Lloyd, 1981; 
Polidori et al., 2004, 2006; Alcock, 2016).

In Centris (Paracentris) burgdorfi Friese (Apidae, 
Centridini), a large solitary bee from Brazil, males 
crowd around an emerging female and compete 
intensively, sometimes killing their rivals, in their 
attempts to mate with her (Sabino et  al., 2017). 
Most of these males do not achieve genital contact, 
but one male does succeed in grasping the female 

Fig. 4.20. Bembix rostrata male sand wasp, nectaring. Spain. Photo: Raymond J.C. Cannon.
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and flies off with her to avoid the competition. The 
pair alight, sometimes up to 200 m or more from 
the emergence site, and copulation is completed in 
about 7 min, on average.

In the chimney or cactus bee, Diadasia rinconis 
Cockerell (Apidae), which nests in large, dense 
aggregations in Arizona, USA, thousands of males 
can be actively searching for newly emerging females 
in a relatively small area (a video of a Diadasia 
rinconis mating ball is included in in Supplementary 
Online Resource 4, in Russell et  al., 2018, and is 
available at: https://academic.oup.com/jinsectsci-
ence/article/18/4/18/5084941#supplementary-data). 
The competition between males is intense in this 
species (i.e. scramble competition polygyny) which 
form mating balls of up to 21 bees (about ten males 
on average) for periods lasting about 20 s (Russell 
et al., 2018). Larger D. rinconis males are better at 
procuring mates and copulate for shorter periods of 
time, possibly as a result of female choice.

Male ivy bees, Colletes hederae Schmidt & 
Westrich (Fig. 4.22), patrol nest aggregations in 
late summer, searching for the later-emerging 
females (Bischoff et al., 2005). As soon as a female 
emerges from her natal nest, she is pounced upon 
by several males. These mating balls or copulation 
clusters of males, all competing to mate with the 
female, sometimes tumble down the steep-sided 
nesting sites, as seen in a video filmed in Devon, 
UK, available at: https://youtu.be/Pr8ZSYdGVDU. 

When one male manages to establish genital con-
tact, the other males disperse (Saxton, 2009). 
Another ivy bee mating ball is shown at: https://m.
youtube.com/watch?v=Jy7_j_SMabY

Mating balls also occur in some stonefly species 
(Plecoptera), where males ‘pile onto and around’ 
the larger female, forming a ball of males all 
attempting to copulate with the same female 
(Tierno de Figueroa et al., 2006, 2019).

4.6 Pupal Mating and Scramble 
Competition for Emerging Females

Competition between males for access to sexually 
receptive females can be intense, and a wide variety 
of different mating systems have evolved in 
response to such intrasexual pressures. According 
to Emlen and Oring (1977), the type of mating 
system that evolves depends on which sex is limit-
ing (i.e. not in short supply) and the extent to which 
the sex that is limited (in short supply, if only tem-
porarily) controls critical resources or monopolizes 
mates. The outcome of such intrasexual selection 
has been the evolution of different ways and means 
by which males locate and establish associations 
with sexually immature females (Parker, 1974; 
Estrada et al., 2010). These include mate guarding 
(see Chapter 9), pupal attendance, pupal mating 
and others (see below).

Male Illeis galbula Mulsant beetles (Coccinellidae), 
a fungus-feeding ladybird from Eastern Australia, 
may sit on a pupa for up to 4 days, guarding it from 
other males while waiting for the female to emerge 
(Richards, 1980). Initially attracted by a pupal 
pheromone, the male does not feed while guarding 
his intended mate, but ‘constantly cleans his tarsi 
and palpates the pupa’s thorax’ (Richards, 1980). 
As the female emerges from the pupa, the guarding 
male moves on to her back and she walks away, 
carrying him with her. He clings on, ‘rocking from 
side to side, resisting the butts, bites and pushes 
from competing males’ (Richards, 1980). Copulation 
does not occur until the female’s wings have dried 
and hardened, c. 1 h after emergence.

4.6.1 Pupal mating in butterflies

In Jalmenus evagoras Donovan (Lepidoptera, 
Lycaenidae) (see Fig. 7.1a), larvae and pupae 
aggregate in clusters on their Acacia host plants. 
Adult males search for mates by investigating 
these trees, using the presence of Iridomyrmex 

Fig. 4.21. Colletes cunicularius, small mating ball. 
Photo: Lukas Large.
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ants as a cue (see Chapter 7). When a pupa is about 
to eclose, up to 20 males can gather around it, form-
ing a mating ball, although this does not always 
occur (Elgar and Pierce, 1988). The males engage 
in a ‘frenzied scramble’ as the females emerges and 
copulation takes place before she has had time to 
expand her wings. Females mate only once and 
mated females vigorously reject further advances 
by males.

Pupal mating also occurs in about half of the 39 
or so species of Heliconius Kluk butterflies (see  
Fig. 16.5), where males also locate female pupae by 
using a combination of olfactory and visual cues; 
then remain perched on their backs, ready to mate 
with them as soon as, and sometimes even before, 
they emerge from their pupal case (Cannon, 2019). 
In some cases, males break the pupal case and 
insert their abdomen to start mating before the 
female has fully emerged (i.e. pharate matings); in 
others, males do not insert their abdomen, but mate 
with the female during emergence or immediately 
after she has emerged, when she is unable to resist 
(teneral matings) (Thurman et al., 2018).

4.6.2 Pupal mating in ants

Wingless male ants of Hypoponera opacior 
(Formicidae, Ponerinae) (Fig. 4.23) copulate with 
young virgin queen ants during the final stage of 
their pupal development in nests in the ground in 
Arizona, USA (Foitzik et  al., 2002). The males 
embrace the queen pupae and insert their genitalia 
through holes at the rear end of the cocoons, which 
have been opened to facilitate their emergence. 
Males guard the pupae for up to 2 days, even 
though their sperm can be transferred within min-
utes (Foitzik et  al., 2002). Matings usually end 
when the queens emerge from their cocoons and 
start walking around the nest, dragging the copu-
lating males around with them until they become 
detached (Kureck et al., 2011). However, males can 
adjust their mating behaviour if necessary, increas-
ing the duration of mate guarding if there are rival 
males around, or decreasing their mate guarding if 
there are abundant mating opportunities, in line 
with Parker’s (1974) prediction that males optimize 
their mate guarding in response the prevailing com-
petitive environment.

Fig. 4.22. Ivy bee, Colletes hederae, male. Oxfordshire, UK. Photo: Charles J. Sharp.
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4.6.3 Pupal grasping in crabhole mosquitoes

Crabhole mosquitoes in the genus Deinocerites 
(Culicidae, Culicini) (Fig. 4.24) occupy the upper 
part of land-crab burrows as daytime resting sites 
and the immature larval and pupal stages develop in 
the water that accumulates at the bottom of the 

deep burrows (O’Meara, 2020). Deinocerites can-
cer Theobald is a coastal mosquito with a range 
from southern Florida to Central America, and 
males have exceptionally long antennae, which they 
use to search for female pupae. In these ‘primitive’ 
marine species, mating aggregations form on the 
water surface, not in aerial swarms (see Chapter 6).

Male D. cancer spend most of their time walking 
or skating over the surface of the water searching 
for pupae. When the adult male encounters a pupa, 
it is held lightly with the claws on the male’s front 
tarsi, and the tips of the male’s antennae then per-
form a figure-of-eight vibration around the pupal 
horns (spiracles), without touching them (Downes, 
1966). Other males are fended off by the male 
using his other legs, or chased away, with and with-
out the loss of the attended pupa (Provost and 
Haeger, 1967). Male D. cancer mosquitoes grab 
and attend any pupa, regardless of sex or species, 
but older pupae receive more attention, particularly 
as they darken up prior to emergence. Males are 
highly competitive and fight over pupae, virgin 
females or even recently cast pupal skins (Provost 

Fig. 4.23. Hypoponera opacior (Formicidae, 
Ponerinae). © AntWeb.org

Fig. 4.24. Crabhole mosquito, Deinocerites cancer. Photo: Mike Ostrowski.
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and Haeger, 1967). However, males can distinguish 
between males and females if the pupae are close  
(< 14 h) to eclosion, and they spend significantly 
more time attending female pupae (Conner and 
Itagaki, 1984). Emerging female mosquitoes elicit 
strong responses from males up to 15 cm away and 
some attending males initiate mating before the 
female is free of her pupal case. Copulating pairs 
remain together for 30 min or more.

Pupal attendance is also known to occur in a New 
Zealand endemic coastal species, Opifex fuscus 
(Hutton). These salt-pool or rock-pool mosquitoes 
also have specially developed claws on their forelegs 
and, like D. cancer, the males compete for emerging 
females and mate with them before they are fully 
free from their pupal cases (Derraik and Snell, 
2005). The time between the onset of pupal grasping 
and copulation is relatively short, only about 15 min 
(Slooten and Lambert, 1983). Remarkably, the sex 
ratio (OSR) of O. fuscus at the time of mating was 
determined to be approximately one female to  
260 males in the field (Slooten and Lambert, 1983). 
Females only mate once, while males will mate sev-
eral times, so the males remain sexually active for 
most of their adult life, whereas females are only 
sexually active at the time of their emergence (eclo-
sion); hence the highly male-biased numbers. The 
sex ratio of emerging mosquitoes was close to 1:1. 
Males do not discriminate between male and female 
pupae in O. fuscus, and if the emerging mosquito 
turns out to be a male, the mature attending indi-
vidual moves away as soon as their genitalia come 
into contact (Slooten and Lambert, 1983).

Slooten and Lambert (1983) suggested that 
pupal grasping and early mating (males can be 
sexually active 6 h after emerging) in O. fuscus 
may have evolved in response to selection caused 
by intense competition among males for mates. 
Further studies demonstrated that selection pres-
sures in the form of male–male competition exist 
in O. fuscus: larger males were significantly more 
successful at acquiring mates, especially when 
reproductive competition was high (Slooten and 
Lambert, 1984).

4.6.4 Giant ichneumonid wasp aggregations

Giant ichneumonid wasps of the genus Megarhyssa 
Ashmead (Ichneumonidae, Rhyssinae) (Fig. 4.25) 
are idiobiont endoparasitoids of the larvae of other 
wood-boring wasps in the family Siricidae (e.g. 
Sirex noctilio). Males explore the surface of logs or 

trees containing developing larvae or pupae and can 
locate the site where the much larger female will 
emerge, several hours before she appears (Heatwole 
et al., 1964). Male Megarhyssa form conspicuous, 
sometimes mixed-species aggregations around these 
emergence sites, all facing inwards, where they ‘jos-
tle about and jockey for position’, but with little 
overt aggression towards each other (Matthews 
et al., 1979). The males are attracted by the chewing 
noises, or substrate vibrations, produced by the 
female as she tunnels her way out, but their ability 
to identify conspecific females is limited (Crankshaw 
and Matthews, 1981). Consequently, Megarhyssa 
males spend a great deal of time in aggregations 
over the emergence site of other species, or attend-
ing the wrong sex.

The males attempt to get their abdomens down 
into the exit hole before the female breaks through 
to the surface, using natural crevices in the bark of 
the tree (Nuttall, 1973). Aggregating males bend 
their abdomens round to rest the abdominal tip on 
the bark surface (tipping) or curl their abdomen 
under them so that the last two tergites contact the 
bark surface (tergal stroking), possibly marking the 
surface (Crankshaw and Matthews, 1981). Males 
attempt to insert their abdomens into the hole as 
soon as the emerging female pierces the bark sur-
face, thereby inseminating the female before she 
emerges from the tunnel. Eggleton (1991) called 
this mating system before-emergence scramble 
competition polygyny. In other ichneumon species 
in the subfamily Rhyssinae, males guard the female 
emergence sites – a form of female defence polyg-
yny – or mate with females after they have emerged 
(a form of scramble competition). Females are 
monandrous, so there is selection pressure on males 
to find and mate with a female at the earliest pos-
sible opportunity, even if that is prior to emergence 
(Crankshaw and Matthews, 1981).

4.6.5 Within-host mating in parasitoids

Parasitoids are highly dependent on their hosts and 
have evolved some unique parasitoid-specific mat-
ing systems. Many parasitoids mate close to where 
they emerge from their host, with males actively 
competing for access to females. Males that emerge 
first, or early on, often have an advantage, as they 
are present and can compete at the exit hole for 
access to the later-emerging female (Trienens et al., 
2021). Nasonia giraulti Darling wasps (Pteromalidae) 
are unusual in that they mate with females inside 
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the host, before they emerge from the host pupar-
ium, i.e. within-host-mating (Drapeau and Werren, 
1999). This behaviour is relatively rare and has 
only been observed in a few egg and pupal parasi-
toids (e.g. Suzuki and Hiehata, 1985).

Summary

Hilltopping

● Many different insect species, but still a minority, 
utilize the topology of hilltops as rendezvous sites.

● Many of these hilltopping species are relatively 
uncommon, or widely dispersed, elsewhere.

● Males may persist for extended periods at ele-
vated sites without mating; females are often 
rarely encountered, and only come to mate.

● Some species show a consistent preference for 
the same elevated site, returning year after year 
to aggregate at species-specific locations.

● Hilltopping butterflies follow the simple rule of 
flying towards the ‘maximal inclination’ (steep-
est slope) available to them.

● Individual males may exhibit some degree of site 
fidelity, returning to the same perch the follow-
ing day, or days.

● Elevated sites and prominent landmarks are 
often shared by different species, both within a 
given genus and in different insect families.

● Segregation of site-sharing species occurs in 
both time and space.

● Hilltop sites may or may not be defended. Some 
species are highly territorial; others merely perch 
or patrol the area non-aggressively.

● Larger males within a population often dominate 
and control the best perching or lookout sites.

Scrambling for emerging females

● Some male bees and wasps compete to mate with 
females emerging from their natal soil nests.

● Males emerge first and fight for access to 
females, often digging intensely at the soil.

● Other, smaller males avoid competition for 
emerging virgin females and try to sneak a copu-
lation as they come to feed on flowers.

Fig. 4.25. Giant ichneumonid wasp, Megarhyssa macrurus subsp. macrurus. Photo: Thomas Shahan.
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● The mate-finding strategy of Centris pallida bees 
depends on size: large males patrol and dig up 
emerging females; small males hover and wait 
near flowers.

Mating balls

● Mating balls (or copulation clusters) form where 
there is intense male competition for emerging 
females.

● The premium goes to those males who can pre-
vent the others from reaching a virgin female 
before they do.

Pupal mating

● Pupal mating strategies have evolved in some 
species where male competition for sexually 
receptive females is intense.

● Males scramble to inseminate females before 
they have emerged from their pupal cases.

Notes
i Observations of dancing Vanessa cardui by Hardesty 
(1987) occurred on 29 May 1986 in Montana, USA.
ii The family Crabronidae includes species that were 
previously placed in the Sphecidae.
iii The eggs of nose bot flies hatch in an expanded 
pouch, or uterus, of the female; and the active larvae, 
contained within membranous ‘shells’, are deposited in 
the host (larviposition) and hatch out immediately 
(Colwell et al., 2006).
iv Wood (1996) lists ‘oestrids calliphorids, muscids, syr-
phids, phorids, tabanids, [and] therevids’ from Mont 
Rigaud in Quebec.
v I have deliberately not used the term harem defence 
polygyny.
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