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Abstract. Studies of insect population under field conditions to establish survival rates, longevity and dispersal rates are rare in
the literature. These types of studies are important and can be used to inform studies of the effects of landscape composition and
configuration on levels of biodiversity. Here the Cantharidae beetle, Rhagonycha fulva is studied under field conditions to derive
estimates of daily survival rates for both males and females as well as local dispersal rates. Survival was studied at two sites,
one in Wales and another in England, whilst dispersal was examined only at the Welsh site. Beetles were marked using differ-
ent coloured enamel paints at the mid-point of a 200 m linear transect. The beetles were almost exclusively found (and marked)
on common hogweed, Heracleum sphondylium. No difference in survival was found between males and females at both of the
sites. The survival rates found at the two sites also did not differ. The overall daily survival rate was 0.771 equating with a median
longevity of 4.37 days. Casual observations yielded a small number of marked individuals in excess of 400 m away from the point
of marking. Movement of males along the transect differed from females. Marked females were never found far from the point
of marking whilst males moved further away with time. This difference in behaviour is discussed in terms of hypothesized insect

dispersal behaviour following emergence as mobile adults.

INTRODUCTION

Dispersal is a fundamental component of an insect’s life
history. Dispersal describes an organism’s movement in
space (Benton & Bowler, 2012; Travis et al., 2012) which
maintains gene flow across a population (Saastamoinen et
al., 2018), avoids inbreeding and supports genetic diversity
(Kautz et al., 2016, Baines et al., 2017). Genetic diversity
has been recognised as a factor required for life history
plasticity when faced with environmental change (Hollo-
way et al., 1990; Callaghan & Holloway 1999; Ottenheim
et al., 1999; Kautz et al., 2016). Thus, dispersal behav-
iour is highly influential in preventing population extinc-
tion (Clobert, 2012; Saastamoinen et al., 2018). Plasticity
might be important in altered or changing landscapes. Ag-
ricultural activity, industrialisation and urbanisation have
resulted in habitat fragmentation and destruction resulting
in smaller and more isolated remnants left for those species
affected (Didham, 2010; Rossetti et al., 2017). The ability
of a species to transverse between patches, to find suitable
mates and to mix genetic material across the population is
key to survival in many species of insects (Vanden Broeck
etal., 2017).
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Some studies suggest that gender is related to dispersal
proclivity (Bowler & Benton, 2009; De Meester & Bonte,
2010; Baines et al., 2017). This is particularly the case
when an individual’s dispersal behaviour is predominant-
ly driven by local, intra-sexual competition for resources
such as food, space and mating opportunities (Baines et
al., 2017). Consequently it has been argued that unless dis-
persal models account for sex related dispersal, findings
cannot be broadly applied (Miller et al., 2011). Few disper-
sal studies incorporate sex-bias, but those that do generally
conclude evidence of male-biased dispersal (Miller et al.,
2011; Dobson, 2013; Baines et al., 2017). However, Hol-
loway et al. (2003) investigated the sex-biased dispersal of
hornet robber flies (4silus crabroniformis L.), and found
no difference between male and female dispersal distances.

Biodiversity is strongly impacted by dispersal ability
(Diekotter et al., 2008). A matrix of landscape elements is
referred to as landscape heterogeneity and is influential in
encouraging biodiversity within an anthropogenically al-
tered landscape (Neumann et al., 2015, 2016). Neumann et
al. (2015) described the vitality of ‘countryside elements’,
such as hedgerows and field margins, for providing con-
nectivity between habitats, facilitating species movement
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(Haslem & Bennett, 2008). Conducting studies on insect
dispersal within a semi-natural and linear habitat, specifi-
cally a field margin, provides an insight to the quality of the
field margins (Diekétter et al., 2008) and could also func-
tion as an indicator for how other species may move within
that habitat type (Della Rocca et al., 2017).

Mark-recapture, or re-sight, techniques have been uti-
lized in multiple insect dispersal studies. Taxonomic
groups that have been considered include Syrphidae (Hol-
loway & McCaffery, 1990; Rotheray et al., 2014), Asilidae
(Holloway et al., 2003), Acrididae (Narisu et al., 1999),
Zygoptera (Keller & Holderegger, 2013) and Scarabaei-
dae (Cultid-Medina et al., 2015). A variety of marking
techniques has been deployed and includes marker pens
(Daily et al., 1991), fluorescent powders (Narisu et al.,
1999; Cronin et al., 2008) and reflective tags (Diekdtter
et al., 2005; Walters et al., 2006). Holloway & McCaffery
(1990) and Holloway et al. (2003) used an in situ (in the
field) approach for marking and monitoring the dispersal
of hoverflies (Eristalis pertinax Scopoli) and hornet robber
flies (4. crabroniformis), respectively, using enamel paint
to mark individuals. It has been argued that in situ marking
is preferable to laboratory rearing, marking and subsequent
release (Downey et al., 2015).

The focal species of this study, Rhagonycha fulva (Sco-
poli) (Coleoptera: Cantharidae), is abundant across the
British Isles (Chinery, 1993; Gibbons, 2014). After under-
going complete metamorphosis, R. filva emerge as adults
towards the end of June to copulate and oviposit, before the
end of the flight season in early August (Chinery, 1993). In
Britain, they are predominately found upon canopy flow-
ers of the Apiaceae, such as common hogweed (Heracleum
sphondylium L.), feeding on pollen, nectar and predating
small insects (Gibbons, 2014). Rhagonycha fulva individu-
als are 10-15 mm long and their movement depends pri-
marily on food and mate availability (e.g. McLain et al.,
2015; Pratt et al., 2017). Major gaps in the literature on
R. fulva include estimates of their daily survival rate and
average longevity.

The aims of the present study were to provide new in-
formation on R. fulva life-history, specifically sex-related
daily survival rate, median longevity and dispersal capac-

ity.
METHODS

Study sites

Data were collected from two locations: one in southern Wales
(grid reference: ST180694) and the second in southern England
(grid reference: TL 086058). In Wales data were collected be-
tween July 1 and August 10™ 2017 whilst from England data
were collected slightly later in the year (from July 5%). The Welsh
data were used to estimate daily survival and dispersal rates dur-
ing the period of peak activity of R. filva. The English study was
carried out to establish whether survival rates remained similar
towards the end of the R. filva season but did not contribute to
the dispersal distance since hogweed was beginning to die back
during the study.

Each study site consisted of a 210 m long 2 m deep linear
transect along a field margin in lowland, wooded, agricultural
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landscape. Linear habitats are known to facilitate insect move-
ment (Neumann et al., 2016). Both transects were dominated by
Apiaceae, in particular hogweed (H. sphondylium). Rhagonycha
fulva associates very closely with hogweed in Britain, hence its
vernacular name hogweed bonking beetle. Transects were split
into 10 m sections and the central section was designated as the
region in which beetles were to be marked.

Data collection

Marking was carried out using different coloured enamel paints
using the method devised by Holloway & McCaffery (1990).
Enamel paint was found to be a highly effective material for
marking and further made individual subjects recognisable by
using different colours. A preliminary study was carried out in
June 2017 towards the beginning of the R. fulva season to inves-
tigate the effectiveness of using enamel paints, which part of the
body to target for marking and the best time of the day to mark.
Paint was applied using a sharp, wooden cocktail stick. A differ-
ent coloured paint was used each day and marking was continued
for 14 consecutive days. Beetles were marked on the pronotum
being careful to avoid touching the elytra to avoid sticking the
elytra together and hence preventing flight. Insects were marked
whilst feeding on hogweed and did not take evasive action or fly
away following marking. To facilitate collection of sex-related
data, insects were marked whilst in copula whenever possible.
Males were marked on the left side of the pronotum and females
on the right side of the pronotum. Single insects were also marked
and sex was determined based on morphological characteristics
(males are slimmer than females and the pygidium extends be-
yond the tip of the elytra).

Marking insects at the Welsh site started on the 1% July and
re-sightings were made daily from the 2™ July between 14.00
and 16.00 BST terminating on the 10" August when no marked
beetles had been seen for a period of five days. At the English
site the corresponding start and finish dates were 5" July and 3™
August. The marking colour of the beetles re-sighted provided
information on longevity whilst the 10 m section in which they
were re-sighted provided information on distance travelled. The
transects were walked along in a random manner assessing either
the left or the right side first starting at the distal or the proximal
end (relative to the central section)

Statistical analyses were carried out using Minitab version 18.
Survival values plotted against time produces negative exponen-
tial curve. Log transformation produces a straight line facilitating
analysis (Holloway & McCaffery, 1990). Linear regression was
carried out on plots of log,, percentage re-sighted on log, day.
Back transformation was applied to estimate daily survival rate

(p) using

. b
=antilog| —
p anlog(lo)

where b = regression coefficient.
Survival rates were compared using analysis of variance. Me-
dian longevity (L) in days (Nielsen, 1969) was calculated using:

=1
I=p
Distance moved along transects by male and female insects
were compared using t-tests.

RESULTS

A total of 1187 beetles were marked, 582 in Wales (352
males and 230 females) and 605 in England (287 males and
318 females). Fig. 1 shows the percentage of individuals
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Fig. 1. Mean percentage of male and female Rhagonycha fulva
re-sighted each day after marking at the Welsh (W) and English
(E) study sites.

re-sighted for each day after marking. The maximum male
longevity was 28 days and for females was 26 days (Welsh
study). A plot of log , proportion on log  day generated a
straight line facilitating estimation of daily survival rates
(Fig. 2) assuming that the large drop in re-sightings on the
first day after marking represented emigration from the site
(Holloway & McCaffery, 1990). For the Welsh population,
daily survival rates were 0.776 + 0.042 for males and 0.768
+ 0.052 for females. There was no significant difference
between the survival rates for males and females [F =
0.94, ns (not significant)]. The median adult longevity was
estimated as 4.5 days for males and 4.3 days for females.
For the English population, daily survival rates were 0.760
+ 0.042 for males and 0.742 + 0.052 for females. There
was no significant difference between the survival rates for
males and females (F 1= 1.85, ns). The median longevity
was 4.17 days for males and 3.88 days for females.

There was no significant difference between male sur-
vival rate from the Welsh population and the male survival
rate from the English population (F, ,, = 0.91, ns) so the
males data sets were combined (combined survival rate =
0.781 £ 0.06). There was no significant difference between
the female data sets from the two sites (F, ,, = 0.8, ns) so
the female data sets were combined (combined survival
rate = 0.76 + 0.05). There was no significant difference be-

tween male and female survival rates overall (F , = 1.07,
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Fig. 2. Log,, proportion Rhagonycha fulva re-sighted on log,, days
after marking at the Welsh and English study sites.
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Fig. 3. Mean distance travelled by male and female Rhagonycha
fulva on days after marking at the Welsh study site.

ns) and the combined survival rate was 0.771 + 0.038. The
combined median longevity was 4.37 days (males = 4.57;
females = 4.17).

Fig. 3 shows the mean distance travelled by individual
R. fulva on days after marking (i.e. age) for the Welsh site.
Females were not usually recorded far from the marking
zone in the middle of the transect. The mean value on each
day tended to lie between 10 m and 15 m from the point
of marking. Male moved progressively further from the
point of marking as they aged up to a mean of 43 m from
the marking zone on 17 days after marking. From 18 days
onwards after marking the mean male distance from the
point of marking declined. A paired t-test indicated that the
male and female mean dispersal distance differed with age
(t,, = 5.15, p < 0.01). Casual observations (i.e. not part of
the experimental design) produced sightings of three male
individuals over 400 m from the study site (English study).

DISCUSSION

Rhagonycha fulva is an extremely common species in
Britain. Despite this very little is known about its life his-
tory and behaviour under field conditions. The study pre-
sented here is the first mark re-sighting study carried out
on the species as far as we know. The daily survival rate
was not found to differ significantly between sexes nor be-
tween the two study sites. The combined daily survival rate
was 0.771. There are very few similar estimates of insect
survival under field conditions with which to compare the
value of daily survival found here. One exception is the
work of Holloway & McCaffery (1990) who worked on
Eristalis pertinax. The estimate of mean male survival rate
was 0.763 and they also found that survival rate was not
sex-related.

It is reasonable to assume that for many species the
greater the longevity the greater the capacity to disperse
and perhaps the greater resilience a species displays to
landscape change (Bubova et al., 2016). There are many
studies on the effects of landscape composition and config-
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uration on levels of biodiversity (Della Rocca et al., 2017).
Inherent in these studies is that those species with a more
limited power of dispersal are more likely to be affected
by landscape features, particularly at a local level. For ex-
ample, Neumann et al. (2015) working on ground beetles
found an effect of landscape configuration on ground bee-
tle communities, in particular large flightless species were
more affected. In a similar study Neumann et al. (2016)
found no effect of landscape configuration on bird diver-
sity. The feature connecting these studies and influencing
the outcome of the results is the power of dispersal. In very
mobile species, such as birds and flighted ground beetles,
there was no effect of landscape configuration. In flightless
species and those with more limited powers of dispersal
there was an effect. One possible consequence of limited
dispersal is that insect populations could have a substantial
probability of extinction but offer with very limited prob-
ability of recolonizing vacant habitats (Neumann et al.,
2017). The current study demonstrates that R. fulva can
live for over 25 days and is able to move at least 400 m. It
is possible that they have the capacity to disperse for a con-
siderable distance across the landscape. Furthermore, the
data reported here were collected in situ and are therefore
relevant to studies on the effects of landscape on biodi-
versity. Whilst studies on longevity carried out ex situ can
be more straight-forward it has been found that laboratory
derived estimates of longevity do not correlate well with
field estimates on the same species (Faccoli et al., 2015)
In the current study, it was assumed that the large drop
in re-sightings on the first day was caused by individual
emigrating from the study site, i.e. engaging with wider
dispersal. Holloway & McCaffery (1990) noted a similar
phenomenon. Working with a hoverfly, E. pertinax, they
noted that the freshly emerged individuals with teneral
wings that were marked were unlikely to be seen again. To
explain this Holloway & McCaffery (1990) argued that £.
pertinax dispersed shortly after emergence from pupa and
that the observation did not reflect a very high mortality
during the first day of adult life. During the current study
there was little evidence of mortality. Throughout the en-
tire study only five marked beetles were observed being
actively predated by spiders. It is possible that, as with
E. pertinax, newly emerged adults were more likely than
older individual to actively disperse across the countryside.
Casual observations indicated that individuals can move
400 m across the landscape. It is possible that some indi-
viduals moves further but the greater the distance moved
from the study site the smaller the chance that they will
be discovered. The data from the Welsh site showed local
movement (within transect) of males differed significantly
from females. There are many reasons why the behaviours
of the two sexes might differ locally. Holloway & Mc-
Caffery (1990) found females congregating close to po-
tential breeding sites whilst males were more likely to be
found in the open on flowers. Holloway et al. (2003) work-
ing on the hornet robber fly, 4. crabroniformis L. found
that males were less likely to be recovered from breeding
sites than females. Very little is known about the breed-
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ing behaviour of R. fulva so it is possible that similar sex-
related activity occurred in the current study.

Travis et al. (2012) and Kautz et al. (2016) describe dis-
persal in insects as a process consisting of three key stages:
(1) emigration, (2) movement and (3) settlement. Again,
there are no data on any aspect of the dispersal process
in R. fulva but it is likely that the first two phases occur
in younger adult beetles. Young beetles probably disperse
soon after emergence and leave the immediate site of emer-
gence. On landing following dispersal, movement might
occur to locate a good breeding or feeding site. Having
found an acceptable site an individual might settle to feed
and breed. Fig. 3 indicates that the two sexes did behave
differently on the Welsh study site. It is not necessarily the
case that males and females behave exactly the same when
it comes to the three stages of dispersal. They might dis-
perse at slightly different ages or move different distances.
Likewise their movement activities could differ resulting
in settlement at different ages. It is possible that the only
beetles re-sighted during the study were engaged in either
(local) movement or settlement. If most of the females had
settled it would explain why there was little evidence of
movement away from the point of marking. If males prin-
ciple activity is to find mates there might be less incen-
tive to disperse if dispersing females are settling close to
male emergence sites and offering mating opportunities.
This could result in males dispersing or moving at an older
age than females. If this happened it could account for the
steady increase in mean distance from the point of mark-
ing (Fig. 3) as males move until 17 days old with a net
emigration from day 18 onwards leaving only males that
had settled anyway.

With the number of studies on effects of landscape on
biodiversity currently appearing in scientific literature it is
more important than ever to have data on what insect spe-
cies are doing in the wider landscape.
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