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species. It is clear that individuals with functional ß ight 
muscles and full wings are better adapted for colonization 
than individuals without such resources, whilst those with 
higher fecundity are better adapted to establish a popula-
tion at a newly colonized site. 

So far we have only considered this trade-off in carabids 
from the perspective of the female. It may seem unlikely 
that the space given over to ß ight muscles might affect the 
fecundity of male individuals, so the most obvious disad-
vantage of possessing functional ß ight apparatus is the pre-
sumably higher metabolic rate. Clearly it is possible that 
the proportion of brachypterous individuals (both male and 
female) in a population may be entirely dependent on in-
heritance from the female (Roff & Fairbairn, 1991), though 
it is also highly likely that selection also acts on the males 
(Denno et al., 1991; Ott, 1994). In those studies of wing-
dimorphic insects in which possible trade-off beneÞ ts for 
males have been considered, these include greater success 
in male-male competition (Ichikawa, 1982), faster devel-
opment (Novotny, 1995), more frequent success in mat-
ing (Crespi, 1988; Fujisaki, 1992; Kaitala & Dingle, 1993; 
Novotny, 1995), earlier reproduction (Utida, 1972; Fuji-
saki, 1992) and extended lifespan (Roderick, 1987). It has 
also been suggested that such trade-offs are more difÞ cult 
to detect in males because the costs of reproduction are 
considerably less in males than females (Trivers, 1972). 
In addition to these intrinsic beneÞ ts, Langellotto et al. 
(2000) determined that brachypterous female planthoppers 
exhibited positive selection of brachypterous males and re-
jection of macropters, though this behaviour was reported 
as not statistically signiÞ cant. It has also been reported in 
the planthopper Nilaparvata lugens (Stål, 1854), that both 
macropterous and brachypterous males prefer to mate with 
brachypterous females (Takeda, 1974), which have greater 
fecundity (Denno et al., 1989). However, in another spe-
cies of planthopper, assertive mating has been reported, 
whereby macropterous males prefer to mate with macro-
pterous females, and brachypterous males prefer to mate 
with brachypterous females (Langellotto et al., 2000). This 
study also showed that brachypterous males of the plant 
hopper Prokelisia dolus Wilson, 1982 had greater fecundi-
ty than macropterous males. It can therefore be concluded 
that there are also inherent Þ tness advantages of brachy-
ptery for males in at least some insect taxa. 

12. ESTIMATING FLIGHT-CAPACITY

A considerable number of studies have considered the 
issue of how to quantify the dispersal capacity of carabids. 
At its simplest, the estimate may consist of the proportion of 
macropterous specimens in a population (Lindroth, 1949). 
The problem with this approach is that it fails to account 
for differences in ß ight-capacity between macro pterous in-
dividuals, such as differences in wing-length (Den Boer, 
1977). To address this issue, Den Boer (1977) developed 
an index of dispersal power, derived from the ratio of the 
surface area of the ß ight wing and the length of the elytron. 
On the basis of this index, he divided carabid species into 

those with high, low or uncertain dispersal power. It was 
subsequently determined by Desender (1989b, 2000) that 
both variation in the shape of ß ight wings and the develop-
mental status of the ß ight muscles affects their capacity for 
ß ight. Desender (1989a) consequently divided species into 
three groups, those possessing functional ß ight muscles, 
those possessing undeveloped ß ight muscles and those 
possessing degraded ß ight muscles. On the basis of a study 
of the ß ight apparatus of 300 species of European carabids, 
Desender (1989a) concluded that there was a correlation 
between wing size and ß ight muscle development. 

13. ORIENTATION AND STIMULATION OF CARABID 
FLIGHT

Whilst much attention has been given to the study of 
carabid morphology regarding their potential for ß ight, 
relatively little study has been made regarding the purpose, 
timing of and conditions for ß ight in carabids. The general 
assumption is that ß ight is generally infrequent and sea-
sonal (Chapman et al., 2005). Distinction has been made 
between long-range and short-range migratory ß ight and 
vegetative ß ight, with vegetative ß ight referring to ß ights 
associated with feeding and reproduction (Chapman et al., 
2005). It has been suggested that Amara plebeja, for in-
stance, undergoes seasonal migrations between overwin-
tering sites and habitats where it reproduces (Van Huizen, 
1977). A small number of studies using aerial sampling and 
more recently also radar techniques have shown that a con-
siderable number of carabid species ß y at high altitudes 
and seem to undergo long-range, windborne migrations 
(Glick, 1939; Chapman et al., 2005, 2010). There has been 
considerable discussion about whether carabid beetles are 
able to exercise control over their direction of ß ight and 
destination, or whether they simply rise into the air and are 
subsequently carried passively by air currents (Lindroth, 
1992). Lindroth considered passive dispersal to be more 
signiÞ cant than active dispersal. Sampling of aeroplankton 
from aircraft has produced records of 470 individuals from 
30 species of carabid beetles from altitudes of up to 3000 
m (Glick, 1939). Lindroth’s (1992) explanation of this phe-
nomenon is that carabid beetles with only a weak capacity 
of ß ight are passively born upwards by convectional air 
currents. Clearly this kind of ß ight is unlikely to be direct-
ed, though it may serve the purpose of facilitating long-dis-
tance dispersal. Lindroth argued that this might constitute a 
purposeful dispersal strategy, particularly in species which 
exhibit mass generation, such as parthenogenic organisms, 
though its signiÞ cance for carabids is likely to be minor, 
at most.

One study in South-East England suggested that Notio-
philus biguttatus undertakes a mass migration at an alti-
tude of ca. 200m during the second half of July. The earlier 
study of Glick recorded more than 30 species of carabids 
ß ying at altitudes of up to 3000m in Tallulah, Louisiana, 
USA and Mexico during August 1926–October 1931. The 
majority of carabids from Glick’s (1939) study, including 
the abundant Micratopus fusciceps Casey, 1914, Harpalus 
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nitidulus Chaudoir, 1843, Agonoderus pallipes (Fabricius, 
1792) and all the carabids from the Chapman et al. (2005) 
study, ß ew during the daytime. 

Another environmental factor which is known to have 
a major inß uence on ß ight by carabids is light. A number 
of studies have shown that in many regions there is also a 
considerable amount of nocturnal ß ight by carabids (Glick, 
1939; Šustek, 1999). Night-ß ying beetles in particular are 
well known to be attracted to bright lights. Lindroth (1992) 
tested the inß uence of sunlight on the ß ight of six species 
of carabid beetles and found that they all ß ew towards the 
sun. In addition to a simple attraction/repulsion effect of 
light sources as a primary cue, light polarization is known 
to inß uence the movement of some insect taxa (Kirschfeld, 
1986; Dacke et al., 2004), though this has not been stud-
ied for carabids. Studies using light sources in the city of 
Bratislava, Slovakia (Šustek, 1999) have shown that the 
Harpalus species H. griseus and H. ruÞ pes, as well as such 
species as Amara apricaria (Paykull, 1790), A. consula-
ris (Duftschmid, 1812), Dolichus halensis (Schaller, 1783) 
and Trechus quadristriatus (Schrank, 1781), were all noc-
turnally highly abundant at light traps in an urban area. The 
activity commenced 12–20 minutes prior to nightfall and 
continued for two to three hours. Šustek (1999) reported 
that there were three major peaks of ß ight activity for dif-
ferent groups of species during the period 7th August to 6th 
November, and that these represented a migration, mainly 
of species typical of agricultural Þ elds, though also some 
hygrophilous species from outside the city, to urban habi-
tats, attracted by light sources in the city. 

As heat is also an acknowledged prerequisite for ß ight, 
Lindroth (1992) argues that diurnally ß ying species are 
likely to ß y late in the day, when it is sufÞ ciently warm and 
the sun sufÞ ciently low in the sky to inß uence the direc-
tion of ß ight. For nocturnally ß ying species, he argues that 
ß ight is likely to be predominantly during the Þ rst hours 
of darkness for the same reasons. Therefore, sunlight di-
rected ß ight is likely to be predominantly in the same di-
rection, i.e., towards the west. In a number of insect taxa, 
including carabids, it has been reported that air tempera-
ture constitutes a stimulus to ß y (Thiele, 1977). For both 
Amara plebeja and Notiophilus biguttatus, it has been 
reported that 17°C is a minimum threshold below which 
little or no ß ight occurs and above which the species ß y 
actively (Chapman, 2010; Van Huizen, 1979). However, 
Matalin (1998) has reported nocturnal ß ight by carabids in 
September when temperatures were as low as 1.3–3.5°C, 
though he also reports temperatures of 12–17°C as mini-
mum threshold temperatures for ß ight by carabids in July. 
Other suggested criteria for ß ight in A. plebeja were listed 
as sunny conditions, rain �” 0.01 mm d–1 and wind speed �” 4 
ms–1. Wind direction also seems to have an inß uence on 
carabid ß ight. In the Drenthe region of The Netherlands, 
winds from the east and southeast resulted in the greatest 
ß ight activity in carabid beetles (Van Huizen, 1984) dur-
ing the spring time, a period during which winds from the 
north, northeast and east are most prevalent. This gives rise 
to the question of whether there is a correlation between 

the incidences of these wind directions and the previously 
mentioned favourable conditions for ß ight, or whether the 
beetles choose to ß y when the wind is in a particular direc-
tion. Particularly in the case of A. plebeja, which has been 
suggested to migrate backwards and forwards between two 
habitat types, it would be interesting to know whether the 
beetles utilize winds in opposite directions to migrate be-
tween the same patches of overwintering and reproduction 
habitat or not, or if the stimuli that initiate their ß ight di-
rect them to winds in opposite directions in autumn than in 
spring. If not, then it would be highly likely that the popu-
lation of this species would drift across the landscape in 
the direction of the wind that they predominantly utilized, 
though this question appears not to have been researched 
for the species.

In his studies of A. plebeja, Van Huizen (1977) conclud-
ed that a second migration during the reproductive period 
is highly unlikely. As the species also occurs on heath-
lands during the summer season, though with no records 
of sexually mature males or females being present there, 
this suggests that such habitats are either secondary with 
inadequate resources to support reproduction or fulÞ l an as 
yet undetermined role in the life cycle of the species, prob-
ably unconnected with reproduction. In the former case, 
such habitats may simply constitute sink habitats (Pul-
liam, 1988) into which individuals migrate but which do 
not have sufÞ cient resources for a population to become 
successfully established. Using a time series analysis ap-
proach, it has been shown that the effects of climate condi-
tions on ß ight activity vary not only according to annual 
climatic variation but also according to species microcli-
matic preferences. An increase in the incidence of drought 
conditions was associated with increased ß ight activity in 
the hygrophilic species Clivina fossor (Linneus, 1758), 
though the ß ight activity of the xerophilic species Har-
palus griseus (Panzer, 1797) and H. froelichii Sturm, 1818 
declined (Kadar & Szentkiralyi, 1997).

These studies show that there is a considerable amount 
of migratory activity by carabids, some of which is driven 
by changes in the availability of resources but also with 
meteorological conditions providing stimuli for ß ight ac-
tivity. Light pollution also seems to affect the behaviour 
of night-ß ying carabids. It also seems evident that window 
traps close to ground level are not effective for intercepting 
carabids embarking on high altitude, long-range migration. 
In order to develop a better understanding of the factors 
that stimulate, direct and inß uence ß ight by carabids, there 
is clearly a need for long-term research on ß ight by car-
abids in different climatic regions.

14. SYNTHESIS

The aim of this paper was to provide a comprehensive 
overview of the role of ß ight capacity or its absence in car-
abid species and populations in the temperate region from 
the perspective of ecological studies. Much of the material 
on this topic is presented in papers that are not easily ac-
cessible to all. To accurately consider the ecological impli-
cations of ß ight, it is necessary to appreciate that it is not 
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simply a trait of certain individuals in certain populations 
but may also vary temporally in the same individual. Ac-
cordingly I have not attempted to go deeply into the genetic 
or molecular basis of the phenomenon of ß ight, which are 
both Þ elds in which more work is necessary to complete 
the picture.
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