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Gross morphology of the wings, metathoracic exoskeleton and flight musculature of Hydro-
porus glabriusculus Aub€ were investigated, along with a study of beetle behaviour aimed at
elucidating the species'ability to fly. This northern Palaearctic species occurs in western Eu-
rope south of Scandinavia in isolated fen remnants, where it is considered to be a Postglacial
relict. Structure and behaviour of H. globriusculus were compared with the congeneric strong
flier Hydroporus planus (F.). The wings and metathorax of H. glabriusculus showed no mo-
difications suggesting a flightless state. Flight muscles were observed in varying stages of
autolysis, and it is concluded that at least some individuals possess the equipment necessary
for powered flight in early adult life. Most samples studied could not be enticed to fly in the
laboratory, although individuals from a Swedish population made short hopping glides. The
significance of this behaviour, and its possible interpretations are discussed, with reference to
early Postglacial and present-day dispersal. It is noted that negative results in insect flight
tests are difficult to interpret; the absence of flight behaviour in the laboratory should not be
taken as evidence that the species nevar flies, particularly when individuals do not show
structural modifications associated with flightlessness. Structural modifications observed in
flightless Coleoptera are reviewed.
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Introduction

T he evo lution of fli g ht le s s ne s s

The ability to disperse to new habitats by flight is

one of the factors contributing to the unrivalled
ecological success of insects. A winged adult phase

has enabled pterygotes to exploit resources which
are patchily distributed both in space and time
(Southwood 1978). It is a striking fact therefore,
that amongst almost all insect orders there are a
number of species which have secondarily lost their
ability to fly, either through wing reduction, exo-
skeletal modification, or changes in the flight muscu-

lature. Flight loss is particularly frequent amongst
the Coleoptera, and has been examined in detail
by a number of authors (e.g. Jackson 1956a-c Smith
1964). The selective processes behind flight loss
are not fully understood, but a number of factors
appear to underly the appearance of non-flying
adults.

Two distinct hypotheses regarding the evolutio-
nary origin of flightlessness have been proposed
in the past. Darwin (1859) and Wollaston (1854)
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suggested that natural selection operating against
dispersing individuals was responsible for the
appearance of flightless insects. In the case of in-
sects living in limited areas of isolated but stable
habitat, such selection may be important. Insects
of oceanic islands such as the carabid fauna of Ma-
deira (Wollaston 1854), very often show a reduced
ability to fly. Here the chances of a flying individual
finding suitable areas to occupy outside the island
are very low. Brinck ( 1949) noted the predominance
of flightless stoneflies (Plecoptera) in northem Swe-
den on exposed lake-shores. In such areas strong
winds would result in the loss of a large proportion
of the adult population of macropterous forms,
particularly during mating swarms.

The alternative view is that natural selection
operates mainly by favouring flightless individu-
als (see Kavanaugh I 985), due to the energy savings
made. As reviewed by Kavanaugh (1985) a large
proportion of flightless carabid species are found
in mountainous areas which are relatively unexposed

to wind. In such areas flying individuals would have

little chance of being blown into unsuitable habitat,
meaning that selection against dispersal is unlikely
to be a major force. The development and use of
flight muscle is one of the major metabolic costs
in the life of an adult insect (Richards & Davies
1977).ln environments where food availability is

very low selection may favour degeneration of the
flight apparatus, and the channelling ofthe energy
saved by the insect into reproduction (Roff 1986).
Hocking (1952) showed that adult female mos-
quitoes produce on average sixty extra eggs after
flight muscle autolysis, giving a measure of the
saving made by insects which never develop a flight
apparatus. Zera (1984) studied differential survival
of long and short-winged morphs of the water stri-
der Limnoporas under various conditions. It was

observed that wingless individuals showed a fas-
ter rate of nymphal development and higher fecun-
dity, especially early on in the season. Vespiiliiinen
(1978) compared life-history strategies in macro-
pterous and brachypterous taxa of European Ger-
ris species. He found that short-winged morphs were
usually associated with stable habitats, where se-

lection for migration was weaker and their increased

rate of growth and higher fecundity was an ad-

vantage. Migratory forms were more abundant in
areas of temporary habitat, where the advantages
of an ability to move on rapidly outweighed those
discussed above. Dingle (1978) reports a similar
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situation regarding the occurrence of flightless and
flighted taxa of Oncopeltus bugs. Aukema (1991)

noted that in some Calathus species, it is the long-
winged morphs which have higher fecundity, cont-
rary to the results of the studies quoted above. In
these carabids, however, long-winged females are

considerably larger than their short-winged con-
specifics, a factor which could account for most of
the differences observed. Energy savings may be

particularly important in the evolution of flight-
lessness in low-energy environments such as caves,

springs and deserts. Reduced predation pressures

may also favour reductions in the flight apparatus.
The two hypotheses discussed above are not

mutually exclusive, flight loss being associated both
with selection against dispersal, and selection in
favour of the increased rates of growth and repro-
duction which are possible when development and
use ofthe flight apparatus is halted. In practice what
happens obviously depends on the ecology of the
species involved, since ifaerial dispersal is essential,
this ability will not be lost no matter how great the
resulting energy savings would be.

A background to Hydroporus glabriusculus

Hydroporus glabriusculus Aub6 is a northem
Palaearctic dytiscid, which is widespread in the far
north of Eurasia (Bilton 1993). In addition the spe-
cies is present further south in western and central
Europe, where it is considered to be a relict of the
early Postglacial biota. In the British Isles I/.
glabriusculus is restricted to three separate disjunct
areas. These are mesotrophic fens in central Ireland
and the Scottish Borders, and fen complexes deve-
loped in remnant ice hollows (pingos) in the
Brecklands of central Norfolk (Sinclair 1975, Fos-
ter 1982, Bilton 1988, 1993). Throughout its range
the species occurs predominantly in natural fens
which, compared to many wetland ecosystems, are

relatively stable and persistent. From the discus-
sion above one may expect selection to favour the
development of flightlessness in such environments,
particularly when the chances of reaching other
suitable habitats are very low. Some insects asso-

ciated with natural wetlands in Europe, such as fens,
large lakes, and rivers are flightless, or dimorphic,
with respect to flying ability (see for example Jack-
son 1956b, Berthelemy I 979). Den Boer et al. ( 1980)

summarized data on wing lengths in carabids in
the province of Drenthe (The Netherlands), and
noted that species occupying stable habitats show
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Fig. I. The diving beetle Hydroporus glabiusculus.
Photo: Fronz Hebauer, Deggendorf.

Dykarskalbaggen Hydroporus glabriusculus. Foto
F ra nz H e baue r, De g ge ndorf .

the highest incidence of flightlessness. The flight
apparatus and flying ability of H. glabriusculus
have not previously been investigated, and were
examined as part of a wider study of westem Eu-
ropean populations (Bilton 1992a-b,1993, in press).

A living adult specimen of H. g labriusculus is shown
in Fig. 1.

Characteristics of flightless Coleoptera
Modifications of the wings

The most obvious route to flightlessness in insects
is a reduction, or complete loss of the wings. Wing
reduction is very widespread in Coleoptera, many
families exhibiting a complete range of size reduc-
tion (Smith 1964). Hind wing atrophy usually be-
gins at the wing apex (Kavanaugh 1985), resulting
in brachypterous individuals, whose reduced wings
may be almost as large as normal alae, as is the
case in a number of dytiscids (Jackson 1956a-b),
or they may be present only as tiny flaps as is the
case with the water beetles Noterus crassicornis
Miiller (Jackson 1950) and some Hydraena spe-
cies (Balfour-Browne 1958). Most often wing re-
duction is associated with a reduction in venation,
and again a whole spectrum of cases exist, from
fully veined wings to ones almost tacking venation
of any form. In dytiscid beetles the setal patch, or

Flight apparatus of Hydroporus glabriusculus

intercubital plate always appears to persist, despite
reductions in the rest of the venation. Outside the
Dytiscidae this structure is associated with beetles
of wet habitats (Ward 1979). It is believed to be
involved in maintaining the hydrofuge subelytral
space, which in dytiscids is used as an air reservoir.
Such a function would explain its persistence in
reduced wings, and also possibly account for the
apparent absence of completely wingless dytiscids.

Moddications of the thoracic skeleton

In beetles the metathorax bears the membranous
flying wings. The metatergum forms the roof of
the metathorax, and is extensively modified in
various ways in flightless taxa. The metatergum is
made up of the large anterior notum, and the smal-
ler, posterior postnotum. The former is composed
ofthree sclerites; the prescutum, scutum and scutel-
lum. Flight muscles attach dorsally on the scutum,
and on the pre- and postphragmata, chitinous plates
which project down from the anterior edge of the
prescutum and the posterior edge ofthe postnotum
respectively. The first step in the modification of
the tergum of flightless beetles appears to occur
before the wings are reduced (Smith 1964), and
involves a decrease in sclerotization and a reduction
in the size of the phragmata. Further reductions to
the metatergum may involve complete loss of de-
marcation of the scutellum, and a reduction in size
of the prescutum and postnotum, making the tergum
considerably shorter (Jackson 1956c).

The metapleurum forms the sides of the wing-
bearing thoracic segment. Of particular interest here
are the three axillary sclerites which lie between
the pleurum and the base of the wing membrane.
These articulate with the major wing veins, and two,
the basalar and subalar muscle discs, receive the
large direct pleural flight muscles. In flightless spe-
cies these discs are much reduced in size, and are
more weakly chitinized than in flying taxa. Their
reduction apparently begins before the reduction
of the wings, and the discs become increasingly
small in brachypterous and wingless species (Jack-
son 1952, 1956b, Smith 1964).

The floor of the metathorax comprises the me-
tasternum and it is here that the ventral insertions
of the tergostemal and pleural flight muscles are
found. In flightless beetle species this is usually
considerably shorte than in flying species, some-
times with very narrow 'wings' (Jackson 1956c).
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Modifications of the flight muscles

In flying beetles the fibrillar flight muscles of the

adult almost fill the metathoracic cavity. Such
muscles have very large fibres, and an abundant
tracheal supply. In flightless beetles the flight
muscles show great reduction in size, usually
being represented by nalrow strips of tissue
embedded in fat body (Smith 1964). It is important
to draw the distinction here between abnormal
flight muscles in flightless forms (which arise as a

result of developmental retardation) and dege-
nerated flight muscles which are found in many

insects after they have flown. A large number of
insects have periods in adult life during which the

flight muscles are fully developed, and the speci-
mens fly, followed by resorption of the muscles
and the invasion of the metathorax by fatty tissue.
Flight muscle autolysis is generally associated
with the development of the reproductive system
following a period of dispersal in early adult life,
but can also occur during diapause, when it may be

followed by subsequent redevelopment of the
musculature (Collatz & Wilps 1986). The ultra-
structure of the two types of reduced flight
musculature has been shown to be very different
(Smith 1964). Principally autolysed flight muscles
retain the subcellular features of normal muscles,
albeit in a reduced form, whereas in flightless taxa
the muscle fibres have a very different ultra-
structure, appearing quite similar to developing
pupal muscle tissue. In addition to these diffe-
rences, on the macroscopic scale, beetles with
abnormal flight muscles wil show muscle reduc-
tion during all stages of their adult life, and in all
specimens examined. Such observations, coupled
with reductions in the metathorax or the wings
themselves, are strongly indicative of flightless-
ness.

Materials and methods

Specimens analyzed were collected from a number
of Norfolk pingo localities, and a small bog near
Nedre Mesele (64' N) in Viisterbotten, northem
Sweden (Fig. 2). Beetles were obtained with a stan-

dard D-frame pond net by netting vegetation.
Numbers studied and their origins are given in the
relevant tables below.

Flight tests were conducted by placing living
beetles in a dry plastic tray, 20 cm above which a
40 W bulb was suspended. This provided strong
illumination, and a temperature of 28-30'C. Each
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sample of beetles tested in this way contained two
specimens of the rapid colonizer Hydroporus planus
(Fabricius). This species is one of the most rapidly
dispersing of all dytiscid beetles, often turning up
in rainwater pools within days of their existence.
Jackson ( I 956b) includes the species amongst those
which have always been observed to fly. Indeed
the species does not appear to show flight muscle
autolysis, which is widespread in the diving beetles,
and hampered Jackson's interpretation of much of
her work. The arrangement was observed for a pe-

riod ofhalfto one hour, and the behaviour of beetles

noted. Samples from the Norfolk sites were

investigated at various times of year so that all ages

of adults from late tenerals to postreproductive
individuals were tested. In this way it was hoped
that negative results due to the resorption of flight
muscles in post-dispersal individuals (see Smith
1964 for summary) would be avoided. Modifications
of the wings, flight musculature and thoracic endos-
keleton found in flightless Coleoptera have been

extensively investigated by Smith (1964). Aspects
of all three of these features were studied in H.
glabriusculus, and compared with the situation
found in the closely related strong flier H. planus.

Wing size and degree of venation were exami-
ned directly in samples of beetles from a number
of localities. Wing length was measured from the
base in a straight line running parallel with the

leading edge, to the extreme tip. In addition the
development of flight muscles in individuals flight-
tested as detailed above was investigated by opening
up the metathorax and examining the musculature
with a lowpower (20-40x) dissecting microscope.

The size and degree of chitinization of the me-
tathoracic exoskeleton and the basalar and subalar
pleural muscle discs, by which the direct flight
muscles attach to the wings, were also examined.
This was achieved by placing dissected thoraxes
in a solution of l0%o potassium hydroxide for 30
minutes so as to dissolve away the musculature and
other soft tissues. Metathoracic sclerites and wings
were then mounted on slides in the water-based resin
dimethyl hydatoin formaldehyde (DMHF) and exa-
mined and photographed under a binocular micro-
scope.

Results and discussion

F li ght tes t expe ri me nts

Specimens (Tab. l) were obtained in early Spring
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Fig.2. Kettle-hole pond surrounded with quagmire. Hydroporus glabriusculus wos collected among Sphagnum
moss and sedges close to the margin. Sweden,Vtisterbotten prov., Hjuken. Photo: Anders N. Nilsson.

Liten tjdrn i dddisgrop omgiven av gungfly i vilken Hydroporus glabriusculus fdrekom i ttit vitmossa med starr.
Viiste rbotte n, Hj uke n.

and Summer, and Autumnnvinter, thus covering a

range of the adult life span of this insect, which
appears to be an annual, or in some cases a biennial
(Nilsson 1989, Bilton 1993). In all except the sample
from Nedre Mesele, the results of flight tests were
identical.

Within a period of one to two minutes of being
placed in the flight test tray, H. planus began pre-
paring for flight by raising its body from the sub-
stratum, and moving the apex of the abdomen in
and out, these pumping movements presumably in-
creasing air flow in the tracheal system, and possibly
changing the orientation of the folded hind wings
in some way. Immediately after this behaviour the

beetles parted their elytra and took off vertically
within seconds, making immediately forthe window
in the laboratory. In all experiments the H. planus
individuals used had left the test tray within three
minutes, before the air temperature in the tray had
reached 25'C.

The specimens of Hydroporus glabriusculus tes-
ted behaved in quite a different manner. Beetles
continued to run around the tray frantically, even
after 30 minutes under the light, when air tempera-
ture in the tray had reached 30"C. On no occasion
were attempts to take off made, and no beetles
showed the preparatory behaviour reported above
in H. planus. Specimens frequently turned over on
their backs due to rapid movement in the rather
slippery tray. These beetles righted themselves using
their long, mobile hind legs, and never opened their
elytra to do so. Use of the elytra in this way is a
behaviour which is most characteristic of flying
species (Jackson 1958), although it has been
observed in Agabus stiolatus (Gyllenhal), a fen
species which is said by Foster (1982) to be
incapable of flight. Foster's study, which involved
a limited number of individuals, cannot be conside-
red to rule out the possibility of flight in this spe-
cies, however.
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Table l. Specimens of Hydroporus glabriusculus used
in flight test experiments, their origin and stdte of
muscle development. In each case a sample of ten
individuals was dissected.

Moterial av Hydroporus glabriusculus anvdnt vid test
av Jlygfdrmdga. Tio individer frdn varje grupp
dissekerades fdr kontroll av vingmuskulaturens utveck-
ling.

Locality Date coll. No. Wing musculature

Ent. Tidskr. 115 (1994)

Thompson Lxii.l989 34
E. Walton 2.x.1989 46
Foulden 20.iii.1990 l0
Lambs 25.v.1989 2O

E. Harling l9.iii.l990 35

Nedre Mesele 23.iv.1989 l5

degenerate

degenerate

with muscle remnants
degenerate

degenerate
with muscle remnan

Material from Sweden, collected in April 1989,
behaved quite differently from the Norfolk beetles
described above. After as little as three minutes
two beetles had stopped running in the tray, and
opened the elytra to extend the alae. These beetles
then made short hopping flights of a few centimetres
across the floor of the test tray. They did not,
however, take off vertically like the control animals
and appeared to be using the wings to glide, rather
than make controlled, powered flight. Such be-
haviour has been described in the carabid,, Agonum
assimile Paykull (Thiele 1977), a species which is
usually considered to be a very poor and infrequent
flier. Once the temperature in the tray had exceeded
25"C, most of the specimens involved began to
make short hopping flights, interspersed with
periods of rapid movement around the bottom of
the tray.

Wing structure

The wings of H. glabriusculus (Fig.3) showed no
evidence of reduced venatlon, or truncation, both
of which are characteristic of many flightless
beetles. The degree of chitinization of the wing
veins was somewhat weaker in this species than
in H. planus, but this is to be expected in a beetle
of slightly smaller size, and is no indication of a

difference in wing function. Wing shape, size and
venation showed no differences between or within
the populations examined.

Mean wing length to body length ratio (Tab. 2)
for H. glabriusculus, from Lambs Common, Nor-
folk is 1.04. The corresponding value for a sample
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Fig. 3. Left hind-wing of Hydroporus glabriusculus,
tracedfrom photograph. Note the well-developed vena-
tion and absence of apical truncation. Scale line repre-
sents I mm.

Vtinster flygvinge av Hydroporus glabriusculas ritad
frdn fotografi. Mtirk de vcilutvecklade vingribborna och
avsaknaden av fdrkortning av spetsen. Skalstrecket mot-
svarar I mm.

of H. planus is only slightly larger, being 1.25. Again
this shows that there is no indication of wing reduc-
tion in the study animal, the slightly larger relative
wing size in H. planus probably being attributable
to the species' greater bulk. A wing to body ratio
of 1.04 is well within the range of normally flying
species. [n the strongly-flying ground bruetle, Ptero-
stichus angustatus Duftschmid, for example this
ratio is as low as 0.94 (Thiele 1977).

Flight musculature

In specimens of Hydroporus planus investigated
the metathorax was largely packed with fibrillar
flight muscle, which formed compact blocks of
tissue (cf. Jackson 1952). Specimens from various
times of year showed no evidence of muscle auto-
lysis.

The situation regarding flight muscle develop-
ment in Hydroporus glabriusculus was found to
vary among samples (Tab. l). In four of the samples
flight muscles were weakly developed, appearing
as thin strips of tissue surrounded by fatty deposits
and trachea. With the exception of the East Harling
sample, all these cases are from beetles collected
from May onwards, i.e. covering the Summer and
Autumnnvinter months.

In the case of the Nedre Mesele and Foulden
samples, however, muscle tissue was found to be
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Table 2. Features of the metathorax of Hydroporus glabriusculus and Hydroporus planus controls. Study
conducted on samples of twentl individuals from Lambs Common, Norfulk, UK. Measurements given in mm: stan-
dard errors in parenthesis.

Kroppskingd, vingltingd och utvalda mdtt och kvoter (x +- SE nm) av metathorox frdn 20 individer vardera av
Hydroporus glahriusculus och H. pl.anus (Lambs Common, Norfolk).

Species Body length Wing length Wing/body Metatergal Vo body
ratio depth length

Mesoster- Mesoster- Depth/ Diam.
nal depth nal width width Basalar disc

H. glabri-
usculus 3.20 (.1 l) 3.32(.14)
H. planus 4.4r (.43) 5.52 (.14)

more extensively developed. The flight muscles
were not as large as in the control species, but did
occupy approximately one-third of the metathoracic

cavity. It appeared that in these individuals the mus-

culature was in the early stages of autolysis, since

fatty tissue was widespread around the muscles.
The replacement of muscle tissue with adiPocytes

is characteristic in the degeneration of normal flight
muscle (Smith 1964). Both these examples of more

extensively developed flight muscle are from early-
season beetles (in the case of northern Sweden, the

beetles do not appear until April (A.N. Nilsson, pers.

comm.). This insect probably pupates in late Sum-
mer/early Autumn in Norfolk, emerging from the
pupal cells in late Winter when its habitat becomes
re-flooded ( D.T. Bilton, pers. obs.).

Two possible explanations are available for these

results. This species could show intraspecific va-

riation in the degree of development of flight mus-

culature, some localities containing individuals with
functional muscles, others not. Although such a si-
tuation cannot be ruled out, but on the basis of the

current data, it appears more likely that the species

emerges with fully developed musculature, which
is subsequently autolysed as the adults mature. The

musculature observed in the Nedre Mesele and Foul-
den beetles appeared to be undergoing degenera-
tion at the time of capture. In addition no reduction
in the wings or metathorax was observed in any

beetles examined, which may be expected if the

alae can no longer be used in this species.

Features of the thorax

The metathorax of Hydroporus glabriusculas was

found to be less strongly sclerotized than in H . pla-
nus,but such a situation is to be expected in a beetle

0.s (0.02) 0.62 (.0Is) 0.806 0.16 (.004)

l.l (.04) 1.2 (.04) 0.916 0.38 (.013)

of smaller size and butk. There is no evidence for
reduction of the metathorax in the study species,
areas which form attachment sites for the flight
muscles being as well developed as in the strongly-
flying 11. planus. Although the metatergum of H.
glabriusculus is shorter than that of the control
species, when expressed as a percentage of total
body length it is relatively larger (Tab. 2). The pre-
and postphragmata are large ln size, as are the pleural
wing discs (Tab. 2). Again differences in size can
be accounted for largely by the smaller relative body
size of H. glabriusculus. The wing discs and
phragmata are usually amongst the first to show
reductions in species in which flightlessness is
evolving. Atl samples of beetles investigated with
respect to these structures show identical levels of
development.

It is evident that the mesosternum of H.gla-
briusculus is relatively shorter in proportion to its
width (Tab. 2). Shortening of the mesostemum is,
as has been noted, a feature often observed in
flightless beetles. The degree of shortening observed
in the study species, however, is slight and the length
to width ratio of this sclerite still falls well within
the range of that given for flying beetles by Smlth
( 1964).

Conclusions
In insect flight test experiments a positive result is
easy to interpret - the specimens fly. A negative, or
seminegative result, such as the one reported here
is more difficult to analyze, particularly when the
insect shows no structural modifications associated
with flight loss.

From the results presented above there is no
evidence that Hydroporus glabriusculus has under-

1.04

t.25
0.s l (.001) ls.9
0.63 (.006) 14.3
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gone the type of modification associated with
flightless Coleoptera. It is therefore concluded that
the species is capable of aerial dispersal of some
form, even if this only occurs to a limited extent.
In most ofthe northem range ofthe species, suitable
fen habitats are widespread, and dispersal between
localities is feasible. Such a situation is not the case
in the British Isles, but the timescale involved in
the isolation of the present relict colonies is pro-
bably insufficient for reductions in flying ability
to have evolved here.

The species has fully developed wings, and a

thoracic skeleton typical of a dytiscid which is ca-
pable of flight. Investigations to date cannot rule
out the possibility of variation in flight muscle deve-
lopment between individuals and populations, and
corresponding variability in flight potential. It is
noteworthy, however, that although variation was
discovered in muscle development, no associated
variation was found in the size and shape of the
phragmata and pleural wing discs. As has been dis-
cussed above, these structures become reduced in
size in beetles where flight muscles fail to develop,
variation often being seen within a species (Jack-
son 1952). A more likely explanation for the varia-
bility in flight muscle development is that 11.

glabriusculus has a short period, immediately after
adult emergence, during which flight muscles are
developed and flight is possible, followed by rapid
muscle autolysis. In all the material examined it
appeared that muscle autolysis had begun to some
degree, no specimen possessing futly developed
musculature. From this it can be concluded that the
proposed period when flight is possible is very short
in this species, and so easily missed from field col-
lections. This is not by any means an unexpected
situation. Many insects have very short periods of
flight, followed by muscle autolysis or even wing
loss. The nuptial flight of queen ants (Wilson 1982),
and interhost dispersal in a number of hippoboscid
flies (Colyer & Hammond 195 1) are very striking
examples of this phenomenon. Amongst the aquatic
Coleoptera the best example of a species apparently
having a very narrow period of post-emergence
flightis Agabus uliginosus (L.). This species is found
throughout northem Europe, and has been ex-
tensively investigated with regard to its flight
capabilities (Jackson 1952, 1956b). All specimens
examined by Jackson were found to have abnormal
flight musculature, but possess fully developed,
well-sclerotized metastema, alae and pleura. The
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conclusion was made, therefore, that the species
was incapable of flight. This statement was accepted
until very recently when it was discovered that
A.uliginosus can fly when still teneral, probably
soon after adult emergence (Kirby & Foster l99l).
No teneral material of H. glabriuscalus was avai-
Iable during the present study, but on the basis of
other evidence it is reasonable to assume that the
species is capable of flight as a teneral adult. The
only flight behaviour observed in the species during
the course of the study consisted of the short, hop-
ping flights described in the Swedish sample. This
observation raises two questions. Firstly is this the
normal method of flying in the species, or does the
behaviour observed result from attempts to fly in
beetles where flight muscle autolysis has begun?
This cannot be answered directly in the absence of
material with fully developed musculature. Amongst
other beetles observed to fly in this manner is the
carabid Agonum assimile (Thiele 1977). No in-
dication of the status of muscle development in the
tested individuals is given, however, so again it is
impossible to assess the true significance of the
behaviour. Hopping flights could conceivably lead
to long range dispersal, particularly in treeless, expo-
sed environments. In such instances the spread alae
would merely act as sails, aiding the entry of the
insect into the moving air mass. Such a mechanism
of dispersal has been proposed to account for the
colonization of the Dutch Polders by some carabid
species (Thiele 1977). During the early Postgla-
cial, when it is hypothesized that H. glabriusculus
was in the process of extending into most of its
present range, much of the landscape is known to
have been treeless. In such a situation wind dis-
persal may have contributed considerably to the
spread of the species.

The second point to arise from the behaviour of
the Swedish sample is why this activity was not
shown by any of the Norfotk beetles. The Foulden
sample had flight musculature which appeared iden-
tical in character to that present in the Swedish
insects, so differences in this alone may be unable
to account for the observation. Selection against
dispersal in these isolated colonies may have caused
a behavioural change in the Norfolk insects, re-
sulting in them no longer flying. Such a situation
appears unlikely, however, since one would expect
that the initial step in the loss of flight would be a
failure to develop the extremely costly musculature
associated with the wings. Further investigations
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on freshly emerged beetles from both regions will
be necessary before the possible significance ofthis
result can be evaluated.

Flightless water beetles are, as has been stated
earlier, generally associated with old, stable habitats
such as fens, glacial lakes and river catchments.
During wetter periods of the Postglacial, dispersal
between such sites by a flightless insect must have
been possible, since a number of the species
concemed managed to disperse across much of
Europe, reaching outlying areas such as Ireland
(Bilton 1988). Indeed the fauna of primary fen
includes a number of molluscs (Kemey & Cameron
1979), which are obviously unable to fly, but have

still spread extensively in Postglacial times. To-
day primary fen is extensively fragmented in the
British Isles, due to the combined impacts of climate
and human activity. Faunal elements characteristic
of this environment, are, therefore, highly unlikely
to be dispersing between sites. Even an insect in
which some individuals at least are apparently able
to fly, such as H. glabriuscalus is unlikely to be

capable of significant dispersal in Britain, since the
chances of an individual finding suitable habitat
outside its own fenland 'island'are extremely low.
In the northem part of H. glabriusculus' range,
however, wet habitats still remain extensive. Here
the insect has quite a high probability of finding
suitable new localities through intersite dispersal.
That this does occur today is strongly suggested

by the following observations. Hydroporus gla'
briusculus is a frequent inhabitant of small basin
fens in northem Uppland, Sweden (D.T. Bilton, pers.

obs.), these basin fens being of various ages, and

still in the process of forming, due to continued
isostatic land uplift in the Baltic Sea area. In this
area the species occurs wherever suitable mossy

swamp conditions are found, even in fens whose

isolation from the Baltic dates back only two or
three centuries (P. Sjtigren, pers. comm.). Addi-
tionally H. glabriusculus has been taken in a fen

developed over old sand dunes on the Danish island
of Rcimci (R. B. Angus, pers. comm.), a site which
it must have colonized quite recently, since the re-

levant part of the island has only appeared in the

last thousand years.

Acknowledgements
I would like to thank Robert Angus for his advice and

encouragment during the course of this study, and Profs.
Dales and Dodge for facilities to carry out this work in

Flight apparatus of Hydroporus glabriusculus

the Department of Biology, Royal Holloway and Bed-
ford New College, University of London. In addition I
am grateful to Anders Nilsson (University of Umefl) for
supplying live specimens of Hydroporus glabriusculus
from Viisterbotten, and for giving useful comments on
the maunuscript. Franz Hebauer (Deggendorf) kindly
supplied the photo in Fig. 1. Per Sj6gren (University of
Uppsala) introduced me to a number of interesting
localities in northern Uppland where the species could
be found.

References
Aukema, B. 1991. Fecundity in relation to wing-morph of

three closely related species of the melanocephalus
group of the genus Calathus (Coleoptera: Carabidae).
Oecologia 87: I l8-126.

Balfour-Browne, W.A.F. 1958. British Water Beetles Vol.
3. Ray Society, London.

Berth6lemy, C. 1979. Elmidae de la rdgion Palearctic Occi-
dental: Syst6matique et r6paration (Coleoptera: Dryo-
poidea). Annales de Limnologie l5: l-102.

Bilton, D.T. 1988. A survey of aquatic Coleoptera in cen-
tral Ireland and the Burren. Bull. Irish Biogeogr. Soc.
ll:'7'7 -94.

Bilton, D.T. 1992a. The population genetics of the Postgla-
cial relict diving beetle Hydroporus glabriusculus Aube.
Unpublished PhD Thesis, University of London.

Bilton, D.T. 1992b. Cenetic population Structure of the

Postglacial relict diving beetle Hydroporus glabrius-
culus Aube (Coleoptera: Dytiscidae). Heredity 6.

Bilton, D.T. 1993. The distribution and ecology of Hydro-
porus glabriusculus Aube, 1836 (Col; Dytiscidae), with
particular reference to the British Isles and its status as a

relict species. Entomologist's Monthly Magazine. 129:
207-220.

Bilton, D.T. in press. Phylogeography and recent historical
biogeography of the diving beetle Hydroporus gla-
briusculus Aubd in the British Isles and Scandinavia.
Biol. J. Linn. Soc.

Brinck, P. 1949. Studies on Swedish Stoneflies. Opusc.
Ent. Suppt. ll: 168-179.

Collatz, K.G. & Wilps, H. 1986. Aging of flight
mechanism. pp. 54-12 In: Collatz, K.G. & Sohat, R.S.
(Eds.) Insect Aging. Springer-Verlag, Berlin.

Colyer, C.N. & Hammond, C.O. | 95 l. The Flies of the Bri-
tish Isles. F. Warne, London.

Darwin, C.R. 1859. On the Origin of Species by Means of
Natural Selection, or the Preservation of Favoured
Races in the Struggle for Life. J. Murray, London.

Den Boer, P.J., Van Huizen, T.H.P., Den Boer-Daanje, W.,

Aukema, B & Den Bieman, C.F.M. 1980. Wing poly-
morphism and dimorphism in ground beetles as stages in
an evolutionary process (Coleoptera: Carabidae). Ent.
Gen.6: 107-134.

Dingle, H.I. 1978. Migration and diapause in tropical, tem-

3l



David Bilton

perate and island milkweed bugs. pp. 254-276 In:
Dingle, H.L (Ed.) Evolution of Insect Migration and

Diapause. Springer-Verlag, Berlin.
Foster, G.N. 1982. Notes on rare Dytiscidae in Norfolk.

Trans. Norf. Nor. Nat. Soc.26: 3-10.
Hocking, B. 1952. Autolysis of flight muscle in a

mosquito. Nature 169: I l0l.
Jackson, D.J. 1950. Noterus clavicornis Deg. and N.

capricornis Herbst (Col. Dytiscidae) in Fife.
Entomologists Month ly Magazine 86: 39 -43.

Jackson, D.!.1952. Observations on the capacity for flight
of certain water beetles. Proc. R. Ent. Soc. London,
series A 27: 57-70.

Jackson, D.J. 1956a. The capacity for flight of certain
water beetles, and its bearing on their origin in the Wes-

tern Scottish Isles. Proc. Linn. Soc. London 167 76-96.
Jackson, D.J. 1956b. Observations on flying and flightless

water beetles. J. Linn. Soc, London 43: l8-42.
Jackson, D.J. 1956c. Dimorphism of the metasternal wings

in Agabus raffrayi Sharp and A.labiatus Brahm (Coleop-
tera Dytiscidae) and its relation to capacity for flight.
Proc. R. Ent. Soc. London, series A 3 I : I - I l.

Jackson, D.J. 1958. Observations on Hydroporus ferrugi-
neus Steph. (Col. Dytiscidae) and some further evidence
indicating incapacity for flight. Ent. Gaz. 9: 55-59.

Kavanaugh, D.H. 1985. On wing atrophy in carabid beetles
(Coleoptera: Carabidae), with special reference to
Nearctic Nebria. pp. 408-431 /n: Ball, G. E. (Ed.).

Taxonomy, Phytogeny and Zoogeography of Beetles
and Ants. Dr. W. Junk, Dordrecht.

Kemey, M.P. & Cameron, R.A.D. 1979. A Field Guide to
the Land Snails of Britain and North-West Europe.
Collins, London.

Kirby, P. & Foster, G.N. 1991. Agabus uliginosus takes off.
Balfour-Browne Club Newsletter 49: 8-9.

Nilsson, A.N. 1989. Larvae of nonhem European Hydro-
porus (Coleoptera: Dytiscidae). Syst. Ent. l4: 99-l 15.

Richards, O.W & Davies, R.G. 1977. Imms'General Text-
book ofEntomology. lOth Ed. Chapman and Hall, Lon-
don.

Rofi D.A. 1986. The evolution of wing dimorphism in
insects. Evolution 40: 1009-1020.

Sinclair, M. 1975. Hydroporus glabriusculus Aub6 (Col.,

Ent. Tidskr. I l5 (1994)

Dytiscidae) new to the British Isles. Entomologist's
Monthly Magazine lll: ll7-121.

Smith, D.S. 1964. The structure and development of
flightless Coleoptera: A light and electron microscope
study of the wings, thoracic exoskeleton and rudi-
mentary flight musculature. J. Morph. ll4: 107-184.

Southwood, T.R.E. 1978. The components of diversity.
Symp. R. Ent. Soc. London 9: l9-40.

Thiele, U. 1977. Carabid Beetles in their Environments.
Springer-Verlag, Berlin.

Vespiiliiinen, K. 1978. Wing dimorphism and diapause in
Cerris: Determination and adaptive significance. pp.

218-253 /n: Dingle, H. (Ed.). Evolution of Insect Mig-
ration and Diapause. Springer-Verlag, Berlin.

Ward, R.D. 1979. Metathoracic wing structures as phylo-
genetic indicators in the Adephaga. /n: Erwin, T.L., Ball,
G.E. & Whitehead, D.R. (Eds.). Carabid Beetles; their
Evolution, Natural History and Classification. Junk, The
Hague.

Wilson, E.O 1972. The Insect Societies. Cambridge, Mass.
Wollaston, T.V. 1854. Insecta Maderensia. London.
Zera, AJ. 1984. Differences in survivorship, development

rate and fertility between longwinged and wingless
morphs of the waterstrider, Limnoporus canaliculatus.
Evolution 38: 1023-1032.

Sammanfattning
FlygftirmAga hos dykarskalbaggen Hydroporus
glabriusculus undersdktes genom studier av flyg-
organens struktur och artens beteende i jiimfcirelse
med den goda flygaren H. planus. Flygvinge och
metathorax var fullt utvecklade, medan flygmus-
kulaturen uppvisade olika grad av tillbakabildning.
Material frAn England saknade helt flygbeteende,
medan nordsvenska djur utfdrde hoppande glid-
flygningar under samma fcirsciksbetingelser. Troli-
gen ar artens flygf6rmiga begriinsad till en kort tid
efter utkliickningen, varefter flygmuskulaturen
snabbt bryts ned.
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