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Hilltops are essential landscape elements for life cycle completion of many insect
taxa belonging to diverse orders, including butterflies, all over the world. Species, rare
or even common but whose receptive females are widely dispersed in space and time
aggregate on them for mating. There have been studies on hilltopping exclusively
focused on behavioural ecology aspects on one site and a few or only one species at a
time. However, conservation aspects and their possible generalization to other hills,
other taxa, other countries were never investigated. The objective of the present study
is: to clarify species and behavioural diversity of hilltopping butterflies on hilltops in
Japan; investigation of how far their phenology and distributional patterns on hilltops
are different from species to species and hilltop to hilltop for the same species;
determination of the hilltop kinds which are hilltoppers hotspots and should be
prioritised for conservation of butterflies or other insects biodiversity.

Chapter 1. Faunal and phenological diversity of hilltopping butterflies on two
mountains

It is needed to clarify if hilltopping is a standardized phenomenon with only one
purpose and to find a way to discriminate (non)hilltoppers in the field. By using the



frequency of visits in 5-m radius circles scattered on summit, subsummit and slope on
the hill, annual surveys were conducted in Mts Katsuragi and Nijo, surrounded by
urbanized areas. Mt Katsuragi (960 m alt.), has a bare and grassy hilltop and deeply
forested slopes. Mt Nijo, with two peaks, Medake and Odake (474 and 517 m alt.), has
lightly forested hilltops and slopes. A resource use definition of hilltopping based on a
criterium comparing the sum of visit percentages in “ broad summit ” (summit and
subsummit) circles with that obtained when the species would be randomly distributed
on the hill, enabled a separation of (non)hilltoppers in the total list of observed species.

A total of 55 species were observed, with 53 species seen in Mt Katsuragi, 42 in
Medake and 31 in Odake. Twenty nine species were shared by the 3 peaks. Fifteen
species out of 55 could be discriminated as hilltoppers, with some of them hilltopping
on only one mountain or hilltop though they were present on both sites. Five hilltopper
species were common to the 3 peaks while 11, 10, and 7 species were hilltopper on Mt
Katsuragi, Medake and Odake, respectively. Though some species were very abundant
on the summit in the 3 seasons or in only 2 or 1 season(s), variability in relative
abundance and dominance ranking status existed between peaks for those 15
hilltoppers.

Chapter 2. Behavioral diversity of hilltopping butterflies on two mountains

By comparing male behavioural patterns of the hilltopping species from both
mountains on summit, subsummit and slope, hilltoppers could be classified into 5
types of hilltopping (Types Al, A2, B, C1 and C2) with different or combination of
several purpose(s). Some species had a higher percentage of fighting on summit than on
subsummit and slope (Type A). Others had foraging as dominant behaviour on both
summit and subsummit though fighting was also present and somewhat more abundant
on the subsummit (B). At last, others were hilltopping in sufficient numbers only in
summer and on peaks of relatively high altitude (C). Type A species could be subdivided
into 2: some perching proportion always existed on summit and subsummit (Al) or
never perching on any zone and with a relatively high percentage of visits on slope (A2).
Similarly, Type C species were segregated into 2: flying as dominant behaviour, with
fighting in equal proportion on the summit and subsummit (C1) or courtship in a non
negligible proportion on both summit and subsummit with relatively high percentage of
foraging and fighting on both zones, though often higher on subsummit (C2).

Type A has mating as unique purpose, since fighting, among all behaviours
compared, is the one with the strongest mating connotation. Type B species are
exclusively migrant and combine 3 purposes: nectaring, mating and short stop on



hilltops during their migrations. In Type C, hilltops are used as temporal habitat during
aestivation but, in Type C2, other purposes are also associated, such as breeding on
foodplant, nectaring and mating. Behavioral patterns were consistent between both
mountains for the same species.

Chapter 3. Movement patterns of dominant hilltoppers

In order to (dis)prove in Type A species the deliberate character of hilltopping and
to determine whether those hilltoppers commute with the mountain foot and their level
of fidelity to a particular hilltop, 3 types of mark-release-recapture experiments
(Experiments 1-3) were carried out. In Exs 1, 2 and 3, specimens were, respectively,
captured on the summit and released at the mountain foot, captured and directly released
on the summit, captured on the summit and released in the saddle between the two
peaks. Dominant species showing a hilltopping distribution in both mountains were
surveyed: P. machaon (Pm) and A.  hyperbius (Ah).

In Ex. 1, both species were proved to be real hilltoppers (deliberate flight to the
hilltop) and almost same rates of recaptures were found for them, with more than 50%
of individuals recaptured within one day after release. There was a tendency to come
back more to one peak in both species, showing some insistence for it or a tendency of
going up to the nearest peak. Both species came back more to the summit of one
mountain, which may be due to some impact of altitude on the commuting rate. Besides,
in one mountain, there was a tendency, though non significant, of hilltopping more in
summer than in autumn for Ah.

In Ex. 2, recapture rates were similar to Ex. 1 for both species, which supports
the commuting hypothesis. In Ex. 2 and 3, more “returns” to the same peak as original
marking than exchanges with the other peak occurred for Ah but not Pm, which
highlights some preference or insistence for a particular peak only in Ah.

The results demonstrate that both species showed similarity in their non random
flight to the hilltop and commuting tendency in both mountains but differed concerning
their degree of faithfulness to a certain peak. Pm seems thus to have a more open
population type than Ah.

Chapter 4. Factors influencing microdistributions of hilltoppers on the summit

In order to elucidate the relative importance of climatic factors on hilltop
microdistributions, horizontal distributions of 4 dominant species on the hilltop were
analysed. By controlling for time of day, circle positions, and other weather parameters,
the number of (non) visit events for particular categories of wind speed or light



intensity were compared. Only in the case of Ah, some impact occurred: this species
avoided moderate and strong wind speeds and low and moderate light levels.

Vertical distribution of Pm was also analysed and the results showed that there is a
tradeoff between maximum visual range related to the vegetation structure of
particular peak and some weather factors.

In order to determine the level of convergence of species microdistributions on the
hilltop among peaks, the same observation method as in Ch.1 was used. By using rank
correlations, group or only isolated convergences were found, according to the peak.
Though some species associations were similar between certain peaks, they differed on
others, which highlights a diversity of hilltoppers responses to varying hilltop
environment.

For determining the minimal topographical and/or vegetational cues for hilltoppers,
two kinds of analyses were performed: rank order correlations of visits in summit
circles with a series of best candidate environmental factors; 3 types of cluster analyses
classifying summit circles of both mountains by their similarity of community
structure, behavioural activities for 4 dominant hilltoppers, and environmental factors,
respectively. A list of key factors were shown to influence summit microdistributions of
hilltoppers. A same factor placed in a different mountain context lost its meaningfulness
for some species but not for others.

Results of this study revealed the diversity of hilltopping phenomenon in butterflies
on a spatial, temporal and behavioural point of view and the utmost importance of
vegetation structure and topographical factors above climatic ones in determining the
abundance and diversity of hilltoppers. From those findings, guidelines for conserving
butterfly biodiversity on hilltops are proposed. Large, topographically complex hilltops,
with a mosaic of micro-environments and still a high biodiversity on mountain foot
and slopes, should be hotspots for hilltoppers and privileged in conservation.
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