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Abstract

In order to determine the effect of weather conditions on the behaviour of Lucanus cervus its seasonal
activity was monitored during the three years 2005-2007, always at the same time during the evening
crepuscular period, in a small urban area, Colchester, UK, with 204, 159 and 306 sightings respectively
recorded.

The onset of activity varied from 15.v to 1.vi; it was, in each case, after a rise in temperature on a dry
day preceded by light rains. On average the males came before the females and flew much more.

The inter-relationships between activity and four climatic variables, temperature, humidity, wind and
atmospheric pressure were examined. The males become markedly more active at temperatures
above 13°C, preferring less humid conditions and light winds and relatively high pressure, 1015-
1025 mb. Males were not seen to fly at temperatures below 12°C.

Females did not seem to respond much to the weather.

Key words. Atmospheric pressure, humidity, temperature, wind, behaviour, emergence, female-to-
male ratio, flight, phenology, saproxylic, stag beetle, urban habitat.

Introduction

Stag Beetle Lucanus cervus in England is currently classified as “Nationally Scarce Category B”
and ismostly found in urban and semi-urban habitats (Percy et al. 2000, Smith 2003); Colchester
is awell-known hotspot (Clark 1964, 1965; Bowdrey 1997). These saproxylic beetles emergein
|ate spring and become markedly more active in the evenings when they come out of their hiding
places and seek their mates above ground. The males of this markedly sexually-dimorphic species
will fight for the females and mate in open habitats (Klausnitzer & Sprecher-Uebersax 2008,
Mamonov 1991), including streets (Fremlin 2003, 2009b).

They are active only for arelatively short period during which they may feed but in the UK they
have been very rarely observed to do so (Percy et al. 2000, Smith 2003). The femalesarethelast to
die after ovipositing in the proximity of suitable decaying wood (Harvey & Gange 2003).

The date of their emergenceisvariable; ahot year seemsto bring about both an early shift of their
emergence and of their peak activity (Moretti & Sprecher-Uebersax 2004a,b); cold years have the
opposite effect (Hawes 1998). It has been suggested that their emergence might be triggered by a
breach of some meteorological threshold (Tullett 1998).

During anational survey in 1998 in the UK over 9,000 sightings were reported between May and
October, peaking in June, which had an average temperature of around 16°C. It wasfound that they
prefer to fly on warm, calm evenings at daytime temperatures of 23 to 25°C. Males came first and
were seen in flight more frequently than the females (Percy et al. 2000, Graph 3).
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The phenology of L. cervuswasfirst investigated in detail in the Basel region, Switzerland (Sprecher-
Uebersax & Durrer 1998, Sprecher-Uebersax 2001). For ten years the beetles were monitored and
their sightings analyzed for the influence of temperature, humidity, wind and phases of the moon. It
was found that their season followed a predictable pattern, with the females being sighted about
two weeks after the males; male flight activity occurred at median daily temperatures of 16°C and
higher, and there was a suggestion that the beetles liked warm low humidity conditions, but there
seemed to be no clear linear relationship between the four weather parameters and the number of
beetles observed.

In avillage in Bentley, Suffolk, UK (Hawes 2008), it was found that there was little activity at
evening temperatures of 15°C, or less, and flights were usually at temperatures of 16°C and higher.
In a study around two villages in the Moselle valley, northern Rhineland-Palatinate, Germany,
beetleswere seen flying at temperatures down to 11°C (Rink 2006, Rink & Sinsch 2007). Rink also
studied the stag beetles' emergence directly from the ground, and found that the males emerged
earlier (as Sprecher-Uebersax and others had noted) and that females did not seem to respond to
the weather in the same way as the males (Rink 2006, Rink & Sinsch 2008).

Adopting an approach modeled on that of Sprecher-Uebersax (2001), the present study investigates
the effect of weather conditions (temperature, humidity, wind and atmospheric pressure) on the
seasonal behaviour of Lucanus cervusin an urban areain Colchester over athree-year period, with
particular emphasis on differences between males and females.

M ethods

During 3 consecutive years (2005-2007) stag beetles were monitored in a small suburban areain
south-west Colchester, Essex, UK, daily at dusk, from 20.00 to 21.00 hrs Greenwich Mean Time
(GMT) (21.00 to 22.00 hrs British Summer Time) from mid-May to early July (Figure 1).

In the monitored area, Christ Church ward, the population density is about 30 people/ha (ONS,
2001) and gardens take up about 29% of the land area (GLUD 2007). The soil isaquick-draining
light loam underlain by sand and gravel; the areahas one of thelowest rainfallsin the country, 600
mm on average (Tijou 2009). Most properties have large gardensto the rear and small onesfacing
the road; the back gardens are generally well established, some being 100 years old or more, and
often with trees (Figure 1). The breeding groundsin thisareaare described on Table 1 and el sawhere
(Fremlin 2009a,b).

The period was chosen to include the period of maximum activity, and to approximately match the
period covered by Sprecher-Uebersax (2001), 21.v-10.vii. The hour was chosen as one in which
beetles of both sexeswereregularly active; notethat it was earlier than the hour covered in Sprecher-
Uebersax (2001). All sightings were made and recorded by a single observer (M.F.) who beat the
path on abicycle, alighting when necessary. Beetleswere captured, measured, marked, and released
and flight was intercepted by hand when possible.

All westher data presented here are taken from an amateur station about 2.3 km NNE of the monitored
area, (TL997252, 28 m elevation) (Tijou 2009). In 2006 aL aCrosse wirel essweather station\WS2300
was installed in the authors’ garden (TL 986244, 30-35 m elevation). This has furnished data that
are generally consistent with those from the Tijou station.

Thefiguresfor air temperature, pressure, humidity and wind used in the analysis are averages over
the hour during which the monitoring took place, 20.00-21.00 hrs GMT.

Essex Naturalist (New Series) 27 (2010) 215



Weather-dependence of Lucanus cervus activity in a Colchester urban area

Figure1. Aerial photograph of the monitored area, 0.5km x 0.7km, © getmapping.com.
The path followed isthe solid line, starting anti-clockwise from x; during 2006-2007 it
was slightly longer, dotted lines. Thereisamain road, running approximately NE-SW;
the others are minor roads. The land in the lower left corner is an alotment site.
Cambridge Walk, running NNE-SSW, isapaved alleyway (with no motor vehicletraffic)
between the backs of established gardens, mostly separated from them by fences or
wallsup to 2 metersin height. Hotspots and nestsarelabelled a—e; b and c arein Ireton
Road, the others border the alleyway (Table 1).
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Table 1. Description of the breeding grounds in the monitored area.

Y ears of
Stumps Datefdled | Location particular
activity
Horse Chestnut
Aesculus 2003 Garden on the other
Hotspot a | hippocastanum side of abrick wall, 2005
Field Maple Acer May 2004 Cambridge Walk
campestre
Two Common Front garden, Ireton
Hotspot b Laburnums Laburnum 2004 Rd 9 ! 2005
anagyroides
Nest ¢ Hally Illex aquifolium Nov 2005 E:jont garden, Ireton 2007
Two Cherries Prunus 2002 & Back garden,
Nestd | ovium 2005 Cambridge Walk 2007
Christ Church garden
Sycamore Acer N
Nest e pseudoplatanus 2002 \L;\rll;elkwced, Cambridge | 2007
2003 or .
Nest f Hally llex aquifolium possibly Christ Church, garden 2007
I by footpath
ater
Results

“Emergence” has not been studied in the strict sense of emergence from the ground. However, data
have been collected on weather variablesfor the date of thefirst sighting, D, and thethree preceding
daysin each year, Table 2. Note the jump in temperature in 2005 and 2006; in both yearsthere was
ageneraly rising pressure. Also in all yearsthe first sighting was on adry day preceded by light

rains.

Table 2. Atmospheric temperature, pressure and relative humidity preceding first
appearance. Here as el sewhere they are the average over the hour in which the monitoring
took place, 20.00-21.00 hrs GMT. Therain isthe daily total (Tijou 2009). D-1to D-3 are
the days preceding D day, the first day in which beetles were sighted.

Toc |Pmb |R@N | 1ec |pmb |RA" [Toc | pmp |RAN
mm mm mm
D3 123 | 1008 |03 |85 1017 03 | 119 |1009 |27
D2 22 [1013 |00 |81 020 [20 | 111 | 1011 |37
D-1 137 | 1014 |03 |76 1026 |03 | 131 |1016 |24
D 170 | 1015 |00 |137 |1028 |00 |132 |1008 |00
Ssghting | 25.v.2005 11,2006 18,2007
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Sightings

Here adigest of our observationsis given; for the full set of data on which this paper is based see
Fremlin 2009c. Most beetleswere found on the roadway or footpaths or on walls and fences; more
than half the sightings (56%) were made in the alleyway, Cambridge Walk (Figure 1).

Shownin Figure 2 are the resultsfor 2005. Stag beetleswerefirst sighted on 25.v, when they came
out in numbers; it was the first warm day after arelatively long cold period (Table 2).

Figure 2. Daily Stag Beetle sightings for 2005, total 204. Female-to-male ratio 1 : 2.2.
Flying sightings: 63 males, 6 females and 12 unknown.
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Our first sightings were of 1 pair mating plus 5 males, in the alleyway, and until 14.vi intensive
courtship behaviour took place there around onefemalein acrevice, first sighted on 28.v (Fremlin
2005), a total of seven mating observations, including one on a very cold evening, 9.8°C, 7.vi
(Figure 1, Table 1, hotspot a). At the same time there were other very competitive mating displays
nearby (on afenceand ahousewall) on 9 and 13.vi (Table 1, hotspot b). Therewasamassflight on
17.vi starting at around 20.43 hrs GMT, with 18 flying individuals counted (certainly an under-
estimate). 19.vi was the hottest evening, 23.3°C, of the season; 4 femal es were seen flying and the
stationary female had |eft. Soon after that there wasageneral declineinthemales’ activity. Intotal,
until 6.vii, there were 204 sightings of which 6.4% were of dead beetles.

Males and femal es appeared more or less together (Figure 3).

In 2006 (Figure 4) thefirst stag beetle sighting was of asinglefemale on 1.vi, again after asudden
rise in temperature (Table 2), followed two days later by the first male. However, reports of 11
male and 2 female magpie victims from alocal nest indicated that the beetles had emerged before
26.v. It was generally agood year but no hotspots were found and only one fighting episode (up a
tree) was seen, on 7.vi; also no matings were observed. Overall there were 159 sightings, with
10.7% dead.
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Figure 4. Daily Stag Beetle sightings for 2006, total 159. Female-to-male ratio 1 :
Flying sightings: 73 males, 1 female and 11 unknown.
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Figure 3. Cumulative percentages of all 2005 sightings.
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Figure 5. Cumulative percentages of all 2006 sightings.
100
W
80 J
W
60 /

N

Cumulative percentage
N
o
: |
[
Ny

i wl

0 L s e e e e o B . e e e e e

T T

c c c c c c = =
& z z z S = =] = S = a a
> : 2 3 2 I 2 2 2 a g
~N ~ N ™~ o o
o — ~ ~ o o — — (qV] N

Date
—a— Males —=— Females

Males generally appeared earlier in the season than females, Figure 5.

In 2007, April was unusually warm and there were reports of a male sighting in the area (11.iv,
Ryder pers. comm.). However, monitoring was started only on 15.v and three days later 5 males
were sighted in a couple of placesin the alleyway, soon after 20.19 hrs GMT.

In this year there was no sudden change in temperature (Table 2). The first female appeared on
30.v, and after that the beetles were very active. Several episodes of males fighting for a single
female up to 10.vi were witnessed, in the alleyway in the vicinity of nests d-f and by the nest ¢
(Table 1).

However, the season was rather wet (Tijou 2009); there were 5 nights, 16 and 27.v, 14, 19, and
24.vi, that were not monitored because of rain.

As during the day one female was observed walking in the rain (25.vi, 14.49 hrs), on the night of
5.vii monitoring was carried out in very wet conditions. That night there were 6 sightings, 4 live
males, 1injured female and 1 dead male. Except for the dead malethey were all in therain shadow
of fences. In another instance a male stag beetle was seen flying against a moderate wind in light
rain (2.vii, 20.36 hrs, 15.3°C, 84% relative humidity, and 1002 mb pressure).

In spite of the wet weather 2007 was the best year, with atotal of 306 sightings; 17.3% were of
dead beetles, Figure 6.

Asin the previous year males appeared earlier in the season than the females, Figure 7.
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Figure 6. Daily Stag Beetle sightings for 2007, total 306. Female-to-male ratio 1 : 3.6.

Flying sightings: 68 males, 2 females and 13 unknown.
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Figure 7. Cumulative percentages of all 2007 sightings. Gaps correspond to days without

monitoring dueto rain: 27.v, 14, 19, and 24.vi.
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Seasonal activity analysis

For the next part of the analysisthe period analyzed in each year wasfrom the first day in which at
|east five beetles were sighted, to the last day in which at |east five beetles were sighted (Fremlin
2009c). Only live beetles were considered, all dead and unknown-sex sightings were discarded;
these restrictions have reduced the number of sightings by 23%. The overall female-to-maleratio
of the analyzed live sexed beetlesis 1: 3.8 (Table 3).

Table 3. Sightings during the monitoring period and considered for the analysis period.

o . No. of live sexed
Year Monitoring period | Total no. of | i period beetles in  analysis
rom first sighting/s | sightings period
2005 25.v —B.vii 204 25.v —19.vi 161
2006 1.vi - 6.vii 159 4.vi —29.vi 119
2007 18.v - 6.vii 306 18.v —6.vii 238
Totd 669 518

For the analysis of flying beetles, only males were considered as the females flew much less. For
the three year period there were only 9 identifiable females in flight compared to 204 males; all
these femal es were observed after the middle of June. In addition, 36 flying beetles could not be
sexed with certainty.

For thisanalysisthe weather variables displayed are theinteger parts of their average val ues between
20.00 and 21.00 hrs GMT.

Temperature

Theresultsfor the 3 yearstogether, Figure 8, show that thereisan apparent step-changein numbers
of live and flying males around 13-14 degrees, possibly another between 19 and 20 degrees. The
exceptional observations at 9+°C were made on 7.vi.2005. Males become more active at around 13
degrees, but apparently not so the females.

No male stag beetles were seen flying below 12°C (Figure 9). Five flying males were seen on
3.vi.2007, in acrepuscular temperature of 13.0°C. The dramatic leap in the number of maleflying
stag beetles recorded at the highest temperature is due to a single night on which there was amass
flight, 17.vi.2005. A significant number of non-flying males were seen at temperatures between
9°C and 13°C; otherwise the two curves are not far apart.

Humidity

Results of an identical analysis for the humidity show that males seem to prefer relatively low
humidity days, Figure 10, whereasthe femal es are much lessresponsive. Flying malesreducetheir
activity in high humidity, non-flying males are not affected, Figure 11.

Wind
Stag Beetle males appear less on windier days, but the converse seems to happen for the females,
Figure 12. Flying males do not like strong winds, Figure 13.

Pressure

Thereisan apparent step change for the males at 1015 mb; femal esdon’t seem to respond the same
way, Figure 14. Thereaction of flying and non-flying malesto pressureisfairly close, except at the
high-pressure end, when non-flying males were seen around a stationary female during a cold
weather period in 7-8.vi.2005.
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Figure 8: The number of daysat agiven temperature and the average number of livemale
and femal e Stag Beetle sightings during 2005-2007 plotted against the temperature. There
were no days at 22+°C. In this figure and all subsequent ones bars bracketing average
valuesindicate standard deviations.
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Figure9: The number of daysat agiven temperature and the average number of flying and
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Figure 10: The number of days at a given humidity and the average number of live male
and femal e Stag Bestle sightings during 2005-2007 plotted against the humidity.
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Figure 12: The number of daysat agiven wind speed and the average number of livemale
and femal e Stag Beetle sightings during 2005-2007 plotted against the wind speed.
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Figure 13: The number of days at a given wind speed and the average number of flying
and non-flying males sightings during 2005-2007 plotted against the wind speed.
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Figure 14: The number of days at a given pressure and the average number of live male
and femal e Stag Beetle sightings during 2005-2007 plotted against the pressure.
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Figure 15; The number of days at a given atmospheric pressure and the average number of
flying and non-flying males sightings during 2005-2007 plotted against atmospheric
pressure.
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Discussion

Our relatively large dataset (more than 200 sightings of L. cervus per annum as compared with the
51 sightings of Sprecher-Uebersax (2001) makesit possible to distinguish male and femal e responses
to the variablesinvestigated.

Emergence

L. cervus emergence dates vary agreat deal. For instance, Sprecher-Uebersax’s ranged from 23.v
to 18.vi in the 10 years 1991-2000 (2001). Rink & Sinsch (2008, Table 2) suggest that emergence
from the ground may be influenced by the climatic conditions of the 3 preceding days. Our Table 3
indicates that first sightings can be expected after arise in temperature and on adry day preceded
by light rains. It should be noted that these dates of first appearance probably do not represent true
emergence dates as observed by Rink & Sinsch (2008).

Post-emergence activity

The analysis of dependence of behaviour on weather is greatly complicated by the dependence of
behaviour on the season. The reduced number of sightings in July as compared with June is not
becausethe weather isdifferent in July. For thisreason, our detailed analysis of therelation between
sightings and weather variables (Figures 8-15) is restricted to the period in each year in which
beetles wererelatively abundant.

There were no clear associations between female behaviour and the weather variables. Females
evidently behave very differently from males; note that the difference in the number of sightings
(Figures 2, 4 and 6) already indicates a large difference in behaviour — females spend more time
more or less hidden (Fremlin 2009a). The males fly much more, particularly at the beginning, and
as the season progresses this declines rapidly (cf. Rink & Sinsch 2007, Figure 4).

The female-to-male flying ratio we observed was 1 : 23. Thisis markedly different from ratios
previously reported; two PTES surveys (Percy et al. 2000, and Smith 2003, pers. comm.) gave 1 :
3.3and 1: 2.6 respectively; Rink & Sinsch (2007) suggest 1 : 3; aeria traps actually caught more
females than males (Harvey 2007). However, we saw a substantial number of flying beetles of
uncertain sex and it may bethat part of the discrepancy isdueto the observer’sdifficulty in making
definite distinctions in the dusk.

Temperature
The temperature at which males become noticeably more active, 13°C, is lower than has been
suggested in the past (Sprecher-Uebersax 2001, Hawes 2004, 2008), Figure 9.

When comparing our temperature datawith the figures given in Sprecher-Uebersax 2001, we should
note that we have used evening temperatures (following Rink 2006, Hawes 2004) while Sprecher-
Uebersax used daily medians, which are naturally higher. In particul ar, the exceptional sightings of
non-flying males on 7.vi.2005 and of flying males on 3.vi.2007, at evening temperatures of 9.8°C
and 13.0°C, were on days with daily mean temperatures of 11.8° and 14.9°C respectively.

Moreover in the urban areastudied there were several hiding places where the beetles could benefit
from heat stored during the day.
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Humidity
Males seemto prefer less humid conditions, Figure 10; but ashumidity and temperatureareinversely
correlated, this may be no more than areflection of their preference for warm weather.

Wind
Flying males do not like windy conditions, Figure 13, though they sometimes fly upwind at good
speeds (pers. obs.).

Pressure

Figure 14 seemsto show little variation in femal e activity with pressure, aswith the other variables,
but thereisastriking pattern in male activity: asteady rise in activity up to 1025 mb, followed by
adramatic drop. If real thiswould be most interesting.

On detailed analysis, however, we note the following. On all the seven daysin which the pressure
was above 1025 mb, the temperature was below 16°C (Fremlin 2009c¢). This means that the non-
appearance of beetlesat high pressuresin our study may be no more than areflection of an unusual
weather pattern.

Another point arises here. We have already remarked on the appearance of two maleson 7.vi.2005
at an exceptionally low temperature of 9.8°C; on the same day we note that the pressure was 1033
mb. In fact the three femal es observed at temperatures below 10°C (Figure 8) were also all seen on
that day. M oreover, the males and two of the femalesweretogether (hotspot a, Figure 1), and apair
were mating. Conceivably this behaviour was related not only to the proximity of a freshly cut
stump (Table 1) but also to the high pressure that evening, but of course asingle observation of this
kind can do no morethan offer aline for future research. A study of plum curculios suggested that
pressure might influence the female's odour discrimination (Leskey & Prokopy 2003).

Since our observationswere at fixed hours, thelight intensity necessarily rose and fell asthe season
progressed. If such a study were to be repeated, it could be done at a fixed time relative to sunset
(for example, starting 40 min after sunset) and it might then beworth whileinvestigating the possible
effect of light onthe activity of stag beetles, especially the males. Light intensity isknown to affect
several scarabaeoid beetles (Beaudoin-Ollivier et al. 2003, Evans & Gyrisco 1958, Houston &
Mclntyre 1985, Wensler 1974).

Conclusion

This study was possible because there isathriving L. cervus population in the monitored area (cf.
Clark 1964, 1965, Bowdrey 1997). It was found that there are large differencesin the responses of
mal es and femal es to the weather. Besides the known dependence on temperature, our data suggest
that the males are affected by atmospheric pressure, appearing more readily at higher pressures.

Our research showsthat evenin ardatively densely popul ated area, stag beetle behaviour isgoverned
by similar factors to those operative in village and wooded environments, and may be more easily
observed. We hope that it will be a contribution towards the understanding of the climatic factors
that govern their crepuscular behaviour.
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