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Heterozygous

A diploid cell or organism that contains two dif-
ferent alleles of a particular gene.

Hewitt, Charles Gordon

Charles G. Hewitt was born near Macclesfield, 
England, on February 23, 1885. He obtained a 
B.Sc. from Manchester University in 1902, a 
M.Sc. in 1903, and then worked at that university 
as a lecturer until 1909, when he received a D.Sc. 
degree and emigrated to Canada. His move to 
Canada was well timed, as the position of 
Dominion Entomologist was vacant. Hewitt had 
demonstrated considerable potential while in 
England, and despite considerable misgivings 
about his level of experience, he was named 
Dominion Entomologist of Canada in 1909, and 
served in this capacity until 1916. Along they 
way, he played a key role in passage of the 
“Destructive Insect and Pest Act” of 1910, which 
allowed Hewitt to add staff in the form of inspec-
tors and field officers, and to establish entomo-
logical field stations at nine points from coast 
to coast. He also published an important treatise 
on “House flies and how they spread disease” 
in 1912, and “The house fly, Musca domestica 
Linn.” in 1914, and served as an officer in several 
scientific societies. His position was enlarged 
to “Dominion Entomologist and Consulting 
Zoologist of Canada” in 1916, and he continued 
in this capacity until 1920. His interests and 
expertise extended well beyond insects, and he 
also was active in natural history and ornithology 
organizations. He died prematurely at Ottawa, 
Canada, on February 29, 1920. In 1921, his book 
titled “Conservation of the wild life of Canada” 
was published posthumously, which proved to 
be his most renowned contribution to science. 
Most importantly, during his brief tenure Hewitt 
had developed economic entomology from a 
small division to an important branch of the 
Department of Agriculture.

Hexapoda

A superclass in the phylum Arthropoda contain-
ing animals with three major body segments and 
three pairs of walking legs. Hexapoda consists of 
the class Insecta, the insects, and the class Entog-
natha, the collembolans, diplurans, and proturans.

Hibernaculum

An overwintering retreat in which an early-instar 
larva retreats or diapauses during the winter. It is 
usually made of silk, but may consist of other 
materials as well.

Hilarimorphid Flies

Members of the family Hilarimorphidae (order 
Diptera).
 Flies

Hilarimorphidae

A family of flies (order Diptera). They commonly 
are known as hilarimorphid flies.
 Flies

Hilltopping
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When you are small, locating a potential mate can be 
a challenge. Insects employ many strategies of mate 
finding, from swarms to individual territories to 
specific landmark mating strategies. Landmark mat-
ing strategies involve species setting up mating 
aggregations over any conspicuous marker. This can 
range from a rock to a tuft of grass, a road, a stream 
course, a canyon, a bog, an emergent tree (taller than 
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the others) or a  hilltop. Although this article focuses 
on the latter, this phenomenon is essentially a con-
tinuum. The difference between simple landmarks 
and hilltops is that simple  landmarks typically sup-
port only a single species. However, emergent trees 
in rainforests are likely immensely important for 
landmark mating species. Unfortunately, few data 
are available on this. Hilltops are significant land-
marks in that they support many species, often 
hundreds or in rare cases even thousands. Hilltops 
range from massive rocky mountain tops over 4,000 m 
high to small hummocks in flat country. These hum-
mocks can function as full-fledged hilltops, particu-
larly if they have some conspicuous landmark on 
top. A small rise of land in an otherwise flat area in 
Western Australia exemplifies this (Fig. 32); a shel-
ter at the top of the rise serves as a major hilltop-
ping site for many species and families of flies, wasps 
and butterflies.

Arguably the best hilltop (most diverse) any-
where in the world is in Queensland, Australia. 
Mount Moffatt (1,097 m, 25°03’35” S, 148°02’38” E) is 
a distinctive, conical hilltop, rising about 350 m above 
the surrounding land (Fig. 32). It is somewhat of a 
mystery what makes one hilltop better than another. 
Despite this, Mount Moffatt gives us some clues.

The height above the surrounding land is 
not too intimidating to exclude many species, 
while the hilltop is distinctive and visible for 
large distances. The summit is focused and not 
very large (about 100 m by 20 m), is variably 
vegetated (with a rocky open north end, and 
shaded south end) and the habitat around the 
hilltop is excellent (in Carnarvon National Park). 
Further, no other high points compete for hill-
topping insects within a several kilometer radius. 
Hilltops covered entirely by tall trees may also 
be important but it is difficult for entomologists 
to access these habitats.

The diversity of insects using Mount Moffatt as 
an aggregation site almost certainly numbers well 
over 1,000 species. Over the course of 3 days between 
October 10 and 13, 2002 (early in the  austral spring), 
three entomologists collected 104 species of hilltop-
ping Tachinidae (Diptera) on Mount Moffatt. Based 

on this, there are almost certainly over 200 species of 
this family alone using Mount Moffatt as a hilltop-
ping aggregation site. Pipunculidae (Diptera) diver-
sity is also high on Moffatt and exceeds 50 species 
(Fig. 33). No other groups have been inventoried, 
but other abundant and diverse groups using Mount 
Moffatt include: Diptera: Anthomyiidae, Bombylii-
dae, Calliphoridae, Muscidae, Pipunculidae, Sarco-
phagidae, Syrphidae, Tabanidae and Tachinidae; 
Hymenoptera: Ichneumonidae; and Lepidoptera: 
Nymphalidae. More information on hilltopping taxa 
is included below.

Hilltopping Taxa

The dominant orders of insects represented on 
 hilltops are Diptera, Hymenoptera, and Lepidoptera. 
Within Diptera, the following families have been 
found to have hilltopping species: Acroceridae, 
Agromyzidae, Anthomyiidae, Anthomyzidae, Api-
oceridae, Athericidae, Bibionidae, Bombyliidae, 
Calliphoridae, Conopidae, Culicidae, Empididae s.l., 
Fanniidae, Ironomyiidae, Lonchaeidae, Muscidae, 
Mydidae, Nemestrinidae, Oestridae, Pelecorhynchi-
dae, Phoridae, Pipunculidae, Platypezidae, Rhagionidae, 
Sarcophagidae, Scenopinidae, Sepsidae, Simuliidae, 
Sphaeroceridae, Stratiomyidae, Syrphidae, Tabanidae, 
Tachinidae, and Therevidae (Fig. 33). Most work on 
 hilltopping of Lepidoptera has focused on butterflies 
in the following families: Hesperiidae, Lycaenidae, 
Nymphalidae, Papilionidae, and Pieridae. Within 
Hymenoptera, all families of sawflies appear to 
hilltop. Braconidae, Formicidae, Ichneumonidae and 
some Sphecidae are also important components of 
the hilltopping diversity.

Definition of Hilltopping

Hilltopping is a phenomenon apparently restricted 
to insects in which males and virgin or multiple-
mating females instinctively seek a topographic 
summit to mate. Larval foodplants or hosts are 
 typically not present on the hilltop and may be a 
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considerable distance away. Hilltopping is a wide-
spread mating system among insects and is focused 
on groups that are rare, parasitic, predaceous on 
ephemeral prey, or whose larval foodplants are 

scattered or rare. Mate-finding is difficult under 
these conditions.

Note that some species that form behavioral 
aggregations do so at hilltops (e.g. Forficula lurida 

Hilltopping, Figure 32 (above) A shelter at the top of a small rise of land in an otherwise flat area in 
Western Australia serves as a major hilltopping site for many species and families of flies, wasps and 
butterflies (Denham, Western Australia (25°54’33” S, 113°31’54” E). (below) Arguably the best hilltop in 
the world is Mount Moffatt in Queensland, Australia (1,097 m, 25°03’35” S, 148°02’38” E). This  distinctive, 
conical hilltop, rising about 350 m above the surrounding land is a model hilltop in terms of shape, 
 vegetation and proximity to other hilltops.
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Hilltopping, Figure 33 (Continued)
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Fischer (Dermaptera) and some species of Coc-
cinellidae (Coleoptera)). This prelude to communal 
hibernation is not considered hilltopping as defined 
here as in such cases sex ratios are typically 1:1 and 
no mating or feeding activity typically occurs.

Hilltopping Behavior

General

Typically, there is a very high proportion of male 
insects on hilltops. This is explained by the persis-
tence of males in such areas (see below) and the 
brief visits by females. Arriving females typically 
quickly select a mate and leave the summit. Once 
they have mated, males return to the summit while 
mated females typically never return. Males often 

select bare or open areas from which they can see 
approaching females best.

Studies of butterflies reared and released in 
different sites suggest that hilltopping species are 
genetically programmed to seek out hilltops. Once 
there, many species seem to be similarly predis-
posed to seek out very specific places on the hill-
top or otherwise partition the hilltop by their 
behaviors. For example, three similar species of 
Chalcosyrphus (Diptera, Syrphidae) occur on a 
hilltop in Rigaud, Quebec, Canada (45°27’59” N, 
74°19’35” W). These species partition the hilltop 
by their different behaviours. Chalcosyrphus plesia 
(Curran) hovers low over rocks near the summit, 
C. curvaria (Curran) typically sits on rocks around 
the summit and C. vecors (Osten Sacken) perches 
on the leaves of Serviceberry (Amalanchier sp.) or 
Red Oak (Quercus rubra) near the summit.

Hilltopping, Figure 33 Collage of hilltopping flies (Insecta, Diptera): (a) Cephenemyia phobifer (Clark) 
(Oestridae). Voucher #CNCD144 (Canadian National Collection of Insects-CNC, Ottawa). This rarely  
observed fly is common on Mount Rigaud (Quebec, Canada) where this photo was taken. Bot flies are 
often found on hilltops despite being found rarely elsewhere (unless they are reared from their hosts). (b) 
Cylindromyia sp. (Tachinidae). Voucher #CNCD354. Tachinidae form a major component of most  
hilltopping insects. This species is common on Mount Rigaud. (c) Eudorylas sp. (Pipunculidae). Voucher in 
University of Guelph Insect Collection (no unique number) (photo by S.A. Marshall). Big-headed flies are 
often abundant on hilltops. (d) Euthera tentatrix Loew (Tachinidae). Voucher in CNC (no unique  
number). This attractive little fly is rarely collected away from hilltops such as Mount Rigaud (where this 
one was photographed). (e) Anthrax maculatus Macquart, (Bombyliidae). Voucher in University of  
Queensland Insect Collection (no unique number). Common on hilltops in Eastern Australia. This  
specimen  was  photographed on Mount Wellington in Tasmania. (f) Nephrocerus acanthostylus   
Skevington  (Pipunculidae). Voucher #JSS16983 (in CNC). This enigmatic genus of big-headed flies is  
rarely collected anywhere. Mount Rigaud has hosted three of the six Nearctic species, including the  
specimen in the  photo. Two  additional species have been found at a nearby hilltop in Gatineau. This  
illustrates how  effective  hilltop collecting can be to survey many groups of insects, particularly  
parasitoids such as Conopidae, Pipunculidae and Tachinidae. (g) Physocephala marginata (Say) (Conopidae). 
Voucher #CNCD347. This is another family of flies that can often be found most readily on hilltops.  
Photograph taken on Mount Rigaud. (h) Chalcosyrphus curvaria (Curran) (Insecta, Diptera, Syrphidae) is 
one of three closely related flower fly  species that partition hilltops in northeastern North America by 
subtle choices in habitat and differences in behavior. Chalcosyrphus curvaria (Curran) typically sits on 
rocks around the summit as in this photo taken at Mount Rigaud, Quebec, Canada (45°27’59” N, 74°19’35” 
W). Chalcosyrphus plesia (Curran) hovers low over nearby rocks and C. vecors (Osten Sacken) perches on the 
leaves of serviceberry (Amalanchier sp.) and red oak (Quercus rubra) in the same vicinity near the summit.
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Effectiveness of Hilltopping for Males 
Seeking Mates

In theory, if virgin females move randomly upslope, 
males patrolling or perching near the summit 
should have a higher probability of mating success 
than those dispersed throughout the vegetation 
below. In years of low population density it should 
be adaptive if both sexes tend to move uphill 
toward landmarks. However, in years of high pop-
ulation density the numerous males that find their 
way to the ridge would compete heavily for a few 
females since most would be mated on their uphill 
flight. Thus the smaller the population, the lower 
the chance of virgin females encountering males 
before reaching the hilltop and the more adaptive 
the behavior becomes for the males that join the 
hilltopping aggregation.

Measuring the adaptive advantage of hilltop-
ping is difficult as males on summits likely face 
considerable additional pressures. The energy allo-
cated to hilltopping is likely higher than that 
required by individuals remaining off the summit. 
Predation rates may also be higher as many preda-
tory insects and birds take advantage of the abun-
dance of prey on hilltops. For example, aerial 
foraging birds such as swifts and swallows clearly 
focus on hilltop feeding and many large predatory 
insects, such as dragonflies (Odonata, Anisoptera) 
and robber flies (Diptera, Asilidae), also congre-
gate there to feed. However, given that this may be 
the only way for some insects to find a mate, it is 
clearly beneficial and has been adopted by a wide 
variety of insects.

Evidence for Hilltopping

Mark-recapture studies, particularly using butterflies, 
have garnered considerable evidence supporting a 
hilltopping strategy as defined here. In one study, 
about half of the unmated, reared females released 
610 m (117 vertical meters) away from a summit, 
were found on the hilltop within 1 day. Mated females 
did not go to the summit. In fact, an abnormally high 

percentage of female butterflies collected on the 
summit were virgin when compared to those cap-
tured elsewhere. The percent virginity for non-hilltop 
sites was mostly under 10% in contrast to 35–97% of 
females at the summit which were virgin upon arrival. 
The apparent scarcity of females at hilltops was due 
to inconspicuousness of mating pairs and due to the 
fact that virgins stayed only long enough to mate and 
non-virgins rarely approached the summit. When 
arriving at or released on summit, males strongly 
adhered to it. After copulating, females showed little 
response to topography.

Mark-release of males of the butterfly Papilio 
zelicaon Lucas away from the hilltop resulted in 
about 33% returning from varying distances (simi-
lar to the rate of recovery of specimens released 
directly on the hilltop). These males returned from 
multiple directions and one returned from five km 
away and flew into a wind to return. When trans-
ported further away, they would go to another closer 
hill; however, there is some evidence that they pre-
fer their own hill when two are similar distances 
apart (even though both are used by the species). 
The return speed for four P. zelicaon recaptured the 
same day varied from 14 (no wind) to 42 (strong 
wind at right angle to motion) meters per minute.

In one study, butterflies were found to fly 
toward the highest point available. Uphill move-
ment was directed by two cues, the highest location 
within a distance of 50 m, and the immediate slopes 
available to the butterfly. This suggests that the 
highest landmark available in an area is likely to 
be used for hilltopping, but this is clearly not always 
the case. For example, in an area of high rocky hills in 
Tasmania, Australia, the best (most diverse) hilltop 
was a partly vegetated hill that was hundreds of 
meters lower than the many surrounding hills 
(Donaghy’s Hill, 42°11’52” S, 145°55’55” E). More 
work is clearly needed to understand how insects 
choose specific hilltops and navigate to these 
summits.

Differences in behavior between males and 
virgin females have been hypothesized to represent 
asymmetry in the mate-searching strategy between 
genders. This may improve the mate-searching 
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algorithm by increasing an insect’s chances of 
meeting the opposite sex of another of its species 
along the way. In butterfly studies, virgin females 
were found to perform little searching for males 
when not on summits whereas males searched for 
conspecifics everywhere.

Timing and Weather

Hilltopping activity is highest in the morning on 
sunny, warm days with relatively little wind. Peak 
flight times are clearly correlated with temperature 
and humidity. Early morning activity (before 8 am) 
is marked in very hot, dry climates. Even in moder-
ate climates, the intensity and diversity of hilltop-
pers declines rapidly after mid-day. A resurgence of 
activity occurs in some species in the evening 
although most species do not appear to have daily 
bimodal activity patterns. Crepuscular and noctur-
nal species such as Ormia (Diptera, Tachinidae) 
and many moths (Lepidoptera) start to appear at 
dusk and some may fly all night. Very little research 
has been conducted on nocturnal hilltopping spe-
cies. One note describes the observations of some-
one carrying a lantern up a mountain. No moths 
were observed except at the very summit where 
hundreds of moths of many species were sitting 
everywhere. These insects were there when the 
observer arrived and were not attracted to his light. 
This clearly illustrates the unexplored potential of 
studying nocturnal hilltopping patterns.

The effect of clouds on insect behavior is 
extremely pronounced on hilltops. Thousands of 
insects can be flying one minute in the sun, produc-
ing a loud hum, when suddenly with the passing of 
a cloud over the sun, the insects land and the hum-
ming stops. As the cloud passes, it is as if the entire 
hill erupts at once as everything takes to the air 
simultaneously. The effect of wind and reduced tem-
perature are similar but not as dramatic because of 
the slower shifts. As wind speed increases, activity 
moves to the leeward side of the hilltop and remains 
focused there until the wind reaches too high a 
speed and all activity ceases.

Some species are active throughout the entire 
period of peak activity while others have clear 
arrival and departure times throughout the day. 
Research on the diversity of hilltopping taxa thus 
necessitates long hours over many days. Individual 
species abundance, particularly of parasitoids, also 
varies considerably from year to year. Studies that 
span several years may give a much more represen-
tative picture of diversity at a particular summit.

Distances Covered

A few mark-recapture studies have attempted to 
determine how far hilltopping individuals travel. 
Much remains to be learned here, but it appears 
that some species travel considerable distances to 
suitable hilltops. Two species of ants, Formica sub-
nuda Emery and Leptothorax muscorum (Nylander), 
captured at a hilltop in British Columbia, Canada 
returned (even against or across the wind) from 
distances up to 760 m away (the farthest tested). 
Over 20% of the winged ants released returned to 
the hilltop from 760 m away.

Minimum distances traveled by hilltopping 
butterflies from the nearest areas of their food-
plants were several thousand vertical feet for Pap-
ilio indra kaibabensis in Arizona and 1,700 vertical 
meters for Pieris callidice in France.

It is presumed that once animals initiate a hill-
topping movement they may persistently fly upwards 
and cover distances of several kilometers or even 
tens of kilometers. This remains to be tested.

Site Tenacity

A substantial number of hilltopping males remain 
for periods of time on a summit on a given day. 
There is some evidence that some males of some 
species may spend their entire lives at a particular 
summit. Mark-release and re-sighting studies have 
shown that males remain at aggregation sites for 
life and that there is a shifting of territories from 
day to day. Roosting males of several species have 
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been found at or near the summit of hills, also 
supporting the notion that they stay there all of 
their lives once they have arrived. One marked 
Papilio zelicaon male was seen on a summit on 
eight different days over a 20-day period. The lon-
gest period recorded for an individual was 29 days 
of one P. zelicaon specimen.

Despite the discovery that male insects of 
some species spend most of their lives on a partic-
ular hilltop, it seems unlikely that most species are 
this sedentary in their behaviors. At night, during 
hot parts of the day, and on days with poor weather, 
few diurnal insects can be found anywhere near 
the summit. Most presumably leave during these 
times to feed or take shelter somewhere below.

Multiple day site fidelity has been demonstrated 
in many studies but the reduction in returns over 
several days always appears to be steep. The fact that 
even successful territory holders rarely spend more 
than a single day at a site suggests that males rapidly 
deplete their energy reserves, experience a very high 
rate of mortality and/or regularly disperse to differ-
ent landmark sites. A sex ratio of 2:1 in favor of males 
reported for Cuterebra approxima is hypothesized to 
offset high male mortality at aggregation sites.

One study conducted more than 20 years after 
the initial study found individuals of Cuterebra 
austeni occupying the same landmark site. This spe-
cies used the same perching areas for over two 
decades. Other unpublished research on tachinid 
flies has found that this is the case for hundreds of 
species. This supports the notion that these behav-
iors are hardwired by instincts that have evolved 
over millennia.

Survey of Hilltopping Insects

Capture of hilltopping insects typically requires a 
focused effort at hand netting. This can be difficult 
because of the high degree of habitat partitioning 
shown by the species. Three systematists concur-
rently focusing on Diptera collecting on Mount 
Moffatt had surprisingly little overlap in 3 days of 
collecting Tachinidae. This is presumably due to the 

different search strategies employed by these 
 dipterists. To sample the diversity of a particular 
group, an effort should thus be made to vary the col-
lecting technique. Trapping is typically ineffective, at 
least for males. Malaise and pan traps positioned on 
hilltops catch a very unrepresentative sample of the 
species present. Presumably this is because males are 
focused on the task of finding a mate and are not 
moving far from their chosen sites. Females tend to 
be picked up in these Malaise traps, likely because 
they are commuting through the area more than 
males. Sugaring (spraying a mixture of artificial 
honeydew (honey, Coca-ColaTM and water) on the 
leaves of plants) is sometimes effective at attracting 
the attention of parasitoid flies on hilltops.

Conservation

The contribution of hilltopping to genetic mixing 
between populations may be of great ecological 
importance. These aggregation sites may be cru-
cial to the maintenance of populations of many 
species and their identification could aid in 
attempts to protect threatened populations. Con-
versely, efforts to eradicate pests made sparse by 
control measures could be focused on hilltops but 
the potential effects on other species would have 
to be evaluated before attempting such measures.

Very little effort has been focused on conser-
vation of hilltops, even in parks. Microwave tow-
ers and other communication devices are often 
installed even in protected areas on hilltops. Criti-
cal evaluation of these sites is needed before their 
development proceeds. The loss of any hilltop 
could endanger a particular, or even numerous, 
species. The loss of a significant hilltop such as 
Mount Moffatt that supports over 1,000 species of 
hilltopping insects could have tremendous impacts 
on the insect fauna of an area.

Integrated pest management often explores 
habitat matrices available in agricultural settings 
with the intention of increasing habitat for benefi-
cial insects; however, these strategies have not 
explored the importance of hilltops. Given the 
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critical importance of this mating strategy to many 
parasitoid insects, more attention should be given 
to these structures in the future.
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Himantopteridae

A family of moths (order Lepidoptera). They also 
are known as long-tailed burnet moths.
 Butterflies and Moths

Hindgut

The third or posterior section of the gut. The 
hindgut receives products from the midgut at the 
juncture of the Malpighian tubules, and consists of 
the ileum and/or colon, and the rectum (Fig. 34). 
The waste products exit the hindgut from the 
anus.
 Alimentary System
 Alimentary Canal and Digestion

Hinton, Howard Everest

Howard Hinton was born August 24, 1912, in 
Mexico of American parents, but attended high 
school and university in Berkeley, California. Then 
he entered Cambridge University in 1934 to study 
for a Ph.D. Between 1939 and 1949 he worked as a 
taxonomist in the Department of Entomology of 
the British Museum (Natural History) in London. 
He published copiously, including a 350-page work 
(1945) “A monograph of the beetles associated with 
stored products.” In 1945 he moved to Bristol Uni-
versity as Reader in Entomology, later being given 
a professorial chair and then becoming head of the 
Zoology Department. He was elected a fellow of 
The Royal Society in 1961 and was president of the 
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