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Abstract

Results from glow-worms surveys on 15 sites across southern and central England were used to assess 
the current status of L. noctiluca in the region and to study the influence of ecological and climatic 
factors on glow-worm numbers and phenology. The surveys also provide an indication of L. noctiluca’s 
habitat requirements, as well as offering a method of estimating total population sizes. 

Keywords: lampyridae, fireflies, glow-worms, Lampyris noctiluca, climate, temperature, rainfall, transloca-
tion, survey

Introduction

with its unmistakable green light the glow-worm can claim 
to have one of the most striking courtship displays of any 
British insect, so it is perhaps not surprising that sightings 
of glowing females are by far the best-documented aspect 
of this species’ life. records range from chance encoun-
ters by dog-walkers, through more systematic counts on 
a particular site, to intensive studies involving nightly 
transect counts and mapping of individual females over 
the course of one or more seasons. each approach has its 
value, with casual one-off sightings allowing us to build up 
a more detailed picture of the distribution of L. noctiluca 
in the uk, largely through the uk glow-worm survey 
(www.glowworms.org.uk) and the national Biodiversity 
network (www.nbn.org.uk). however it is only by means 
of more detailed and systematic surveys that we can hope 
to assess whether L. noctiluca is indeed becoming less 
common in the uk, as suggested by numerous anecdotal 
reports of declines and disappearances on individual sites 
(tyler 2002, gardiner & tyler 2002). sadly such surveys 

are few and far between, the one notable exception being 
the essex glow-worm survey which was launched in 2001 
and has recorded an overall fall in glow-worm numbers in 
the county (gardiner 2011). here we attempt to determine 
whether this trend extends to other parts of england, and 
if so to identify possible causes, by comparing the results 
of glow-worm surveys on 15 additional sites. we also 
assess what surveys of this sort can tell us about L. nocti-
luca’s habitat requirements, the possible impact of climate 
change and the feasibility of whole-colony translocation.  

Methods and Materials

The glow-worm
in the uk the life cycle of the common or european 
glow-worm Lampyris noctiluca typically spans three 
calendar years, though this can vary between individuals 
from two to four or even five years, at least in captivity 
(horne in press, tyler 1997, wootton 1976). eggs are laid 
in summer and take approximately 30 days to develop. 
The predatory larvae feed almost entirely on slugs and 
snails. They are nocturnal for most of their lives but in 
the spring of their final year they can be seen wandering 
about in broad daylight. This ‘walkabout’ phase is thought 
to be the main period of dispersal within and between 
sites and may also allow fully-grown larvae to shift from 
the relatively dense larval habitat to the more open habitat 
favoured by the adults (tyler 2002). in the uk most adults 
appear in June and July. lacking mouthparts or a diges-
tive system, they rely on the food reserves accumulated 
as larvae, and few live for more than about two weeks. 
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although each stage, from egg to adult, is luminescent 
to some degree, it is the wingless female which produces 
by far the most vivid green light, visible to the human 
eye at a range of 10 metres or more and used to attract 
flying males. The female is extremely sedentary, rarely 
moving more than 30 cm from one night to the next. if 
unsuccessful on one night she will resume her display 
the following night, but once a male has been attracted 
and mating has commenced she normally ceases to glow, 
returns to her daytime shelter and begins to lay her eggs, 
often dying shortly after the last ones have been deposited 
(tyler 2002).

The sites
in contrast to the sites monitored in the essex survey, 
which followed a standardized format, the surveys 
described here were all established independently and 
follow their own methodology. The fifteen sites involved 
in the study are spread across a sweep of england, though 
with a strong bias towards the south-east (Figure 1) and 
were selected either because they were surveyed nightly 
for at least one glowing season or because the survey ran 
for at least five years.

BenFielD hill is a 25-acre (10 ha) local nature 
reserve on the south Downs of  east sussex, supporting 
a mixture of chalk grassland, scrub and secondary 
woodland. Prior to 1991 a prolonged period without 
management had led to considerable scrub encroachment 
and a reduction in the diversity of grassland plants, but 

the site is now sheep-grazed in winter and regular scrub 
clearance is also carried out. Martin and carole robinson 
and other members of the Benfield wildlife & conser-
vation group have counted the reserve’s glow-worms, 
typically about six times a season, since 1992.

BraMBle’s wooD is part of a block of mixed 
woodland in hertfordshire managed by the hatfield 
estate. The main glow-worm population is largely 
confined to the verges of a bridleway running through the 
centre of the wood, and to the edges of a forestry break 
which crosses the ride. The bridleway has been surveyed 
several times a year since 2000 by June crew (though the 
forestry break verges could not be accessed in 2015 so 
those verges were not surveyed that year).

cliPstone olD Quarter lies on the edge of the 
sherwood Forest national nature reserve in notting-
hamshire. The survey area, comprising open grassland, 
broad-leaved  woodland and conifer plantation, has been 
intensively monitored since 2009 by Dilys and trevor 
Pendleton, mapping each female along a standard 5.4 
kilometre transect each night of the season from 2009 to 
2014 (and less frequently in 2015). 

college lake is a former chalk quarry in Bucking-
hamshire, now restored as a 160-acre (65 ha) nature 
reserve managed by the Berkshire, Buckinghamshire and 
oxfordshire wildlife trust (BBowt) and comprising 
a lake, wetland, grassland, scrub and woodland. The 
glow-worm survey was conducted by a team of volun-
teers co-ordinated by Val atkins and involved counting 
and mapping females and larvae along a fixed 1.25-km 
transect between 1999 and 2006.

gorsty knoll is a small hamlet in the Forest of 
Dean in gloucestershire, adjacent to disused iron and steel 
works and set in extensive areas of bracken (Pteridium 
aquilinum) and gorse (Ulex europaeus), interspersed with 
smaller patches of grassland. The survey was organized by 
kate wollen of Forest enterprise in response to reports 
from local residents that glow-worms had been declining 
for a number of years and had become more localized in 
the area. nightly counts were carried out and individual 
females mapped in 1997 and again in 1998.

hoMeFielD wooD in Buckinghamshire is a 
one-acre (0.5 ha) bank of chalk grassland, abutted on 
three sides by woodland. it is managed by BBowt and 
was surveyed in detail in 1998 by a team of volunteers led 
by the late Bill havers, with larvae and glowing females 
mapped on each night through the season.

lance’s cottage in surrey is a one acre (0.5 ha) 
garden containing ponds, fruit trees, compost heaps and 
vegetable beds. in 1999 nightly counts were made by Jane 
lilley and the position of each female was mapped.

olD winchester hill national nature reserve 
comprises 156 acres (63 ha) of chalk grassland, with 
areas of scrub and woodland, on the south Downs in 

Fig. 1 site locations. 1 clipstone old Quarter; 2 st. wulstan’s; 
3 gorsty knoll; 4 whitecross green wood; 5 Polgraines; 6 
college lake; 7 homefield wood; 8 shiplake churchyard; 9 old 
winchester hill; 10 west chiltington common; 11 Benfield 
hill; 12 lance’s cottage; 13 woodlands; 14 shadoxhurst; 15 
Bramble’s wood.
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hampshire. Parts of the site are thought to have been 
grazed for several centuries, but never ploughed. a fixed 
transect, 4,160 metres in length and divided into six 
sections, has been surveyed approximately six times a 
year since 1992 by Marcus charig.

Polgraines comprises two meadows in oxford-
shire, each of approximately 2 acres (0.8 ha), mown once 
a year in late summer. The site has been surveyed by 
Barbara Payne since 1998. The number of new females is 
recorded on each visit and an estimate made of the total 
number seen in the course of each season.

st. wulstan’s  in worcestershire was open farmland 
until the 1940s when a hospital was built, occupying 
virtually all of the site. when the hospital buildings were 
demolished in the 1990s the 55-acre (22 ha) site was devel-
oped as a local nature reserve, which now consists of an 
area of relatively open grassland surrounded by planta-
tions of native trees. The glow-worm population has been 
surveyed since 2002 by ann Bowker, with females being 
counted approximately five times each season.

shaDoxhurst in kent consists of a number of 
adjacent gardens attached to houses built in the 1960s 
on formerly arable land. here robert Pusey kept nightly 
records of individual females during the 1997 season.

shiPlake churchyarD in oxfordshire (2 acres, 
0.7 ha) is a formally managed burial site with close-
ly-mown grass and large evergreen trees, including 
holly (Ilex aquifolium), yew (Taxus baccata) and cedar of 
lebanon (Cedrus libani). glowing females were counted 
and mapped nightly through the 2003 season by richard 
lee.

west chiltington coMMon is a garden in 
west sussex, where robert and Julie howard counted 
glow-worms on a nightly basis between 1993 and 1996.

whitecross green wooD straddles the county 
boundary between Buckinghamshire and oxfordshire. 
Formerly part of the mediaeval Bernwood Forest, this 
158-acre (64 ha) site was planted with scots pine (Pinus 
sylvestris) in the 1960s. it is now a site of special scien-
tific interest, managed by the Berkshire, Buckingham-
shire & oxfordshire wildlife trust, who are progressively 
thinning the conifers, restoring broadleaved woodland 
and opening rides and glades. 

glow-worms have been surveyed annually since 1999 
by a team of volunteers organized by Becky woodell, with 
counts carried out approximately once a week during the 
glowing season.

wooDlanDs is a 5-acre (2 ha) domestic site near 
west Malling in kent. approximately a third of its area 
consists of a variety of relatively open habitats including 
rough grassland, mown grassland, shrubs, a wildflower 
meadow, lawn vegetable plot and rockery, whilst the 
remainder of the site is dominated by broadleaved 
woodland. This is one of the most intensively studied of 

the survey sites, individual females having been recorded 
and mapped by Bill hickmott on every night of every 
season since 2002.
environmental data

records of rainfall, temperature and maximum number 
of consecutive dry days were supplied by the uk Meteor-
ological office, and took the form of either regional values 
for southern england or interpolated values for the 5 km 
ordnance survey grid square covering each site. The 
latter were only available for years up to and including 
2011 and no regional data were available for spring 2015. 
The statistical significance of correlations was calculated 
using spearman’s rank correlation test. The land-use 
history of each site was traced by reference to satellite 
images (google earth), historical maps, the occurrence 
of ancient woodland indicator plants, and the ancient 
woodland inventory, compiled by natural england and 
accessible online via www.magic.gov.uk.

Results

Population trends
of the fifteen sites surveyed, nine (Benfield, clipstone, 
college lake, Bramble’s wood, old winchester hill, 
Polgraines, st. wulstans, woodlands and whitecross 
green) had data sequences which were long enough to 
show any degree of population trend.

Mean counts were not available at Polgraines but of the 
other eight sites six showed an overall decline in mean 
counts and of these, five were statistically significant 
(Figure 2, table 1). it is important to bear in mind here 
that mean counts can only provide an imperfect measure 
of the actual number of females emerging over the course 
of a breeding season. This is partly because of the ‘bad 
weather - big numbers’ effect described below and partly 
because mean counts may sometimes be calculated from 

  site      rs    P 

  old winchester hill -0.44 0.03*
  college lake  -0.81 0.02*
  woodlands  -0.54 0.05*
  Bramble’s wood  -0.41 0.11
  st. wulstan’s  -0.64 0.02*
  clipstone old Quarter +0.24 0.57
  whitecross green wood -0.58 0.02*
  Benfield hill  +0.12 0.58

Table 1  statistical significance (95%) of changes in glow-worm 
mean counts. * statistically significant (95%).
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Fig. 2  Mean glow-worm counts at eight sites in england.
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no more than a handful of visits to a site. The same caveat 
also applies to the use of maximum counts, and is illus-
trated particularly clearly in the results for woodlands, 
where over a period of 13 years mean counts have declined 
while maximum counts and the total number of females 
recorded per season, though fluctuating considerably, 
show very little overall change (Figure 3). yet despite these 
limitations the eight sites for which we have both mean 
counts and the total number of females (shadoxhurst, 
gorsty knoll, homefield, west chiltington, woodlands, 
clipstone, lances cottage and shiplake) all show a broad 
correlation between the two (Figure 4), giving us some 
confidence in the use of mean counts. Finally it is perhaps 
worth noting that of the three sites where the total number 
of females has been recorded for more than two seasons, 
woodlands has remained largely unchanged (Figure 3), 
while clipstone and Polgraines show an upward trend 
(Figure 5), though if one ignores the exceptionally high 
counts at the latter in 2011 and 2012 the pattern is more 
of a gentle fluctuation that an overall increase.

Biotic factors
even more difficult than the challenge of distinguishing 
long-term population trends from short-term fluctu-
ations is that of attempting to identify the cause of any 
such trends. 

Fig. 3  Maximum and total counts, woodlands.

Fig. 4  relationship between mean count and total number of 
females recorded per season.

it is clear from Figure 2 that most of the sites showed 
considerable fluctuations in mean counts from year to 
year, with little obvious correlation between different sites, 
perhaps suggesting that these fluctuations are caused at 
least in part by local factors such as changes in micro-cli-
mate and habitat management. 

at old winchester hill and whitecross green the survey 
transect was subdivided into compartments, with separate 
counts made for each compartment. on both sites there 
were considerable population fluctuations from year to 

Fig. 5 total number of females per season, clipstone and 
Polgraines.
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Fig. 6 Distribution of glowing female L. noctiluca at st. wulstan’s 
site.
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Fig. 7. Distribution of glowing females, Benfield hill.

year, but at whitecross green counts in each of the three 
compartments ran very broadly in parallel, suggesting 
that at least some of the factors determining count sizes 
were operating across much of the site rather than at the 
compartment level, whereas this linkage was less apparent 
across the six compartments at old winchester hill.

on at least three sites changes in habitat may have 
been at least partly responsible for the observed changes 
in glow-worm numbers. logging activities are thought 
to have contributed to the dramatic fall in glow-worm 
numbers seen at Bramble’s wood in 2003, while the drop 

in 2013 coincided with major construction work on both 
the survey site and the adjacent forest break, involving 
the filling in of ditches which had previously supported 
glow-worms and snails and the laying of large quantities 
of crushed concrete to widen the bridleway into a track 
suitable for forestry vehicles. 

The subsequent use of the site for stockpiling timber 
may have further compounded the problem. at st. 
wulstan’s there has been a similar overall decline, but 
here the cause appears to have been a shift in the height 
and nature of the vegetation, from relatively short grass-
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land to a taller ruderal community dominated by thistles 
(Cirsium spp.), knapweeds (Centaurea spp.) and bramble 
(Rubus fruticosus agg.), despite the fact that the site is 
cattle-grazed each year. 

interestingly the glow-worms seem to have responded 
to this increase in sward height by migrating into 
surviving areas of shorter vegetation (Figure 6). This 
expansion of their range allowed them to temporarily 
increase their numbers, reaching a peak in 2007, though 
both their range and their population have subsequently 
declined dramatically. 

at Benfield the re-introduction of winter grazing in 
1991/1992, first by cattle and later by sheep, combined 
with mechanical cutting, seems to have been successful in 
reversing the natural succession from species-rich chalk 
grassland to scrub, and may have been responsible for an 
initial increase in glow-worm numbers, reaching a peak 
in 2007. 

however since then there has been a marked decline 
in mean and maximum counts. This may be due in part 
to a reduction in the number of counts carried out each 
year, but other possible factors include chemical and light 
pollution from an adjacent golf course and over-grazing. 
here too changes in the glow-worm population has 
been accompanied by shifts in distribution across the 
site (Figure 7), though again the factors driving these 
movements have yet to be identified. 

abiotic factors
superimposed on these site-specific changes are years in 
which counts on several sites peaked or dipped in unison. 
clear examples include the maxima in 2007 and 2012 
and the minima in 2003 and 2013. These are likely to 
be the result of factors operating at a larger, regional or 
national scale. For instance the number of adult females 
eclosing each year might be expected to depend on the 
levels of rainfall during the course of larval development. 
studies of reared larvae (e.g. horne in press, tyler 1997) 
suggest that most growth takes place during the penulti-
mate larval season (approximately april to september of 
the year preceding pupation) and in the two months or 
so between emergence from overwintering (normally in 
about april or May) and pupation. 

Variations in rainfall during these two periods might 
be expected to influence larval growth rates and mortality 
both directly (with on the one hand excessively dry condi-
tions raising the risk of desiccation, and on the other wet 
or humid weather increasing the odds of fungal infection, 
both of which factors are known to pose a problem for 
larvae in captivity (tyler 1997, horne 2009)) or indirectly 
by altering the abundance of the molluscs on which L. 
noctiluca larvae feed. 

even where snails are abundant, prolonged drought 

can trigger aestivation in some species, causing them to 
seal their shells and become dormant, thus rendering 
them inaccessible to hungry glow-worm larvae. we might 
expect that any impact of drought on glow-worm numbers 
would be particularly noticeable on free-draining, 
particularly calcareous soils.

it was somewhat surprising therefore that when we 
compared the mean counts for those sites with a data 
sequence of at least eight years (old winchester hill, 
college lake, woodlands, Bramble’s wood, st. wulstan’s, 
clipstone, whitecross green and Benfield) with the 
rainfall statistics for southern england in the spring and 
summer of both the penultimate and the final larval 
seasons we failed to find any statistically significant corre-
lations. in this respect our results are broadly consistent 
with those of the essex survey, where (with one excep-
tion) no connection was found between april-July rainfall 
and mean counts in the same year. however, looking at 
the three sites where the total number of females per 
season had also been recorded, some patterns were seen, 
though again these were rather inconsistent. For example 
the correlation with penultimate summer rainfall was 
negative at clipstone (rs = -0.86, p = 0.01) but positive at 
Polgraines (rs = +0.48, p = 0.04). The clearest relationship 
was at woodlands (Figure 8; rs = +0.85, p < 0.001), where 
high final-summer rainfall was strongly associated with 
large total counts. This is in itself rather unexpected, as 
many larvae would already have pupated within the first 
few weeks of that summer. 

There would seem to be at least three plausible expla-
nations for the apparent lack of any obvious relationship 
between mean glow-worm counts and rainfall during 
the preceding larval growth seasons. Firstly it may be 
that such a link exists but that our data, especially where 
based on the mean of a handful of counts per year, are 
insufficiently precise to detect it. secondly there may 
genuinely be no correlation and for much of its larval life 
both the glow-worm and its prey may be able to obtain 
ample water from dew and from their food, even during 

Fig. 8 The influence of rainfall on total number of females, 
woodlands, 2001 - 2014.
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dry spells. if this is the case then it could be taken as an 
encouraging sign that glow-worms might be relatively 
resilient to the shifts in rainfall pattern predicted by 
the majority of climate-change models (see below). But 
between these two extremes there is a third, and perhaps 
more likely, explanation in which there is a threshold level 
of rainfall above which any additional rain is superfluous, 
so that in most years on most sites rainfall is not a limiting 
factor, and it is only in years of extreme conditions that it 
exerts any influence on the larva’s growth and survival. 
This would certainly account for the most marked of 
the population minima, in 2003, when mean counts fell 
at all five sites recording at the time. For the uk as a 
whole 2003 was the warmest year, and the third driest, 
for over 40 years and a corresponding drop in glow-worm 
numbers was also recorded that year by the essex survey. 
once again some caution is needed in interpreting these 
drops in mean counts, because while they may be caused 
by increased mortality, they could equally well result from 
larvae opting to delay pupation until the following year. 

captive-rearing studies (e.g. horne 2009, tyler 1997) 
suggest that while the majority of larvae become adult in 
the third calendar year of their life, some will pass through 
an extra winter diapause and pupate in the fourth year. 

in a drought year, when conditions and availability of 
snails are poor, it would seem to be a sensible strategy to 
delay pupation for a year rather than to press ahead and 
emerge as an underweight adult. This may be particu-
larly important for females, which have to achieve faster 
growth rates than the much smaller males, and in which 
the number of eggs laid is proportional to body weight 
(horne, unpublished). 

in this threshold scenario changing rainfall patterns 
would have no apparent effect until they regularly fell 
below the critical value, when glow-worm populations 
would begin to struggle. only by continued monitoring 
will we be able to distinguish between these alternative 
explanations. For example it will be interesting to see 
whether the strong link between final summer rainfall 
and total counts at woodlands, our most intensively 
studied site, proves to be representative of other sites.

while the significance of rainfall prior to the glowing 
season remains unclear, our results do suggest that rain 
during the glowing season can have a marked influence 
on adult behaviour. 

Many observers have noticed that while females 
continue to glow in virtually all weathers, males are often 
scarce or absent on wet nights, perhaps because of the 
practical difficulties of flying in the rain. This shortage 
of males is likely to force females to extend their display 
for at least one extra night in order to attract a mate, and 
this effect was indeed seen at the two sites, clipstone and 
woodlands, at which both weather conditions and the 
presence of individual glowing females were recorded 

each night of the adult season. 
in both cases the mean number of nights for which 

females glowed in any particular season rose in propor-
tion to the number of wet nights in that season. The 
correlation was statistically significant at woodlands 
(Figure 9(a); rs = 0.70, p < 0.005) but not at clipstone. 
This extended glowing period during wet weather would 
in turn be expected to produce a rise in mean counts 
during wet seasons (the so-called ‘bad weather - big 
numbers’ effect), even if the total number of adult females 
per season remained roughly constant. The results from 
woodlands (Figure 9(b)) demonstrate this effect clearly, 
with a statistically significant correlation (rs = 0.81, p < 
0.001) between the number of wet nights for a particular 
season and the mean count for that season. The results 
from clipstone were more ambiguous, perhaps due to the 
smaller number of data points. 

looking more closely, at counts on particular nights 
rather than over whole seasons, the results from 
woodlands paints a similar picture, with counts on wet 
nights being on average 20% higher than on dry ones. The 
effect continued to be felt the following night, when unsuc-
cessful females were joined by new ones glowing for the 
first time: here average counts were again 20% higher than 
on nights following a dry night. (in fact the true impact 
of rain on glowing periods is likely to have been stronger 
still, because nights were classified as ‘wet’ if there had 
been any rain since the previous night, whereas had the 
definition been tightened to include only those nights on 
which it actually rained during the evening flight period 
the effect may have been even more marked.) again no 
significant correlation was found at clipstone, but it is 
interesting to note that at both sites there was an overall 
decline in the number of wet nights per glowing season 
over the course of the respective surveys, though whether 
this is part of a long-term trend, whether it applies to 
other sites and what effect it may have is not yet clear.

This link between wet nights, extended display periods 
and raised counts was wholly expected and merely 
confirmed earlier anecdotal observations. Perhaps more 
surprising was the strong positive correlation seen 
at woodlands between the number of wet nights per 
glowing season and the total number of adult females 
emerging during that season (Figure 9(c); rs = +0.72, p = 
0.003). This is consistent with the link, described above, 
between final-summer rainfall and total number of 
females but again rather puzzling because by the time the 
glowing season starts most final-year larvae will be more 
or less fully grown and ready to pupate, but again it may 
be that wet weather during the glowing season operates 
not through its effect on larval survival or growth, but 
rather by influencing the number of female larvae opting 
to pupate immediately instead of postponing it until the 
following year.
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as with rainfall, the influence of temperature on 
glow-worm populations was unclear and we found few 
obvious links between mean counts at any of the same 
eight sites and mean southern england temperatures 
during the spring or summer of either the penultimate 
or the final year of a larva’s development. however when 
we summed the mean temperatures for the penultimate 
spring, penultimate summer and final spring we found 
significant positive correlations at woodlands (rs = 
+0.65, p = 0.02), whitecross (rs = +0.52, p = 0.04) and 

Benfield (rs = +0.49, p = 0.02). Thus it would seem that 
warm weather during larval development may be associ-
ated with higher counts of glowing females, though again 
this could be due to lower mortality and/or fewer larvae 
delaying pupation. The picture changed again when we 
looked at maximum temperatures, which are likely to 
provide a better indicator of extreme weather, and here 
the five significant correlations that we found with mean 
counts (table 2) were all negative.

Phenology
on four of our sites (clipstone, college lake, Polgraines 
and woodlands) counts were made sufficiently regularly 
through each glowing season, and continued for a suffi-
cient number of years, for us to study the timing of the 
season from start (the appearance of the first glowing 
female) to finish (the disappearance of the last one).  at 
all four sites the start of the season fluctuated from year 
to year, in some cases by as much as five weeks, but 
with no obvious or consistent trend (Figure 10). in this 
and subsequent figures the season start date is recorded 
relative to 1st January (night 1). There was however a 
statistically significant relationship between the season 
start date at woodlands and that at Polgraines (Figure 
11; rs = +0.70, p = 0.005), and also a clear link between 
both of these sites and clipstone, though not statistically 
significant. Particularly noteworthy was the fact that 2011 
produced the earliest season start date for all three of 
the surveys running at the time, with another relatively 
early one in 2014, whereas 2013 saw a particularly late 
season. This level of synchrony between relatively distant 
sites (clipstone and woodlands are over 230 km apart) 
suggested that the onset of the glowing season is influ-
enced at least in part by environmental factors operating 
at a regional or national level. 

 we therefore tried to identify the environmental 
factors responsible by looking first at the rainfall for 

Fig. 9 Influence of wet nights on (a) the female glowing period, 
(b) the mean count per season and (c) the total number of 
females recorded per season. Woodlands, 2001 - 2015.

A

B

C

Fig. 10  season start dates.
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Penultimate spring -0.37 
p=0.07

-0.14 
p=0.74

+0.04 
p=0.89

-0.21 
p=0.44

+0.01 
p=0.98

-0.24 
p=0.57

+0.05 
p=0.85

+0.18 
p=0.42

Penultimate summer +0.08 
p=0.70

-0.48 
p=0.23

+0.18 
p=0.54

-0.27 
p=0.31

-0.15 
p=0.60

-0.24 
p=0.57

0.00 
p=0.99

+0.01 
p=0.96

Final spring +0.04 
p=0.86

+0.14 
p=0.73

+0.29 
p=0.33

+0.64 
p=0.82

+0.16 
p=0.60

+0.25 
p=0.59

+0.13 
p=0.63

+0.13 
p=0.55

Final summer -0.15 
p=0.50

-0.81 *
p=0.02

-0.74 *
p=0.004

-0.47 
p=0.08

-0.31 
p=0.30

-0.04 
p=0.94

-0.56 *
p=0.03

-0.01 
p=0.95

Max, penultimate spring to 
final spring

+0.13 
p=0.55

-0.48 
p=0.23

+0.28 
p=0.35

-0.17  
p=0.55

-0.09 
p=0.78

-0.07 
p=0.88

+0.10 
p=0.71

+0.01 
p=0.96

Max, penultimate spring to 
final summer

-0.07 
p=0.77

-0.75 *
p=0.03

-0.26 
p=0.38

-0.58 *
p=0.02

-0.17 
p=0.58

+0.16 
p=0.73

-0.11 
p=0.68

+0.18 
p=0.43

* statistically significant

Table 2  correlations between maximum temperatures, southern england and mean counts.

southern england in the spring and summer of both the 
penultimate and the final years before each glowing season. 
all four sites showed a positive correlation between final 
spring rainfall and the date of the first female emerging, 
with high spring rainfall being followed by a late glowing 
season, but only at college lake was this statistically 
significant (rs = +0.77, p = 0.03). looking more closely, at 
the 5 km square level, neither woodlands nor Polgraines 
showed any obvious link between rainfall in any season 
and the start of the glowing season, and because rainfall 
data were only available up to 2011 there were insufficient 
data points to analyse the clipstone results. however 
at college lake the season start date again showed a 
positive correlation with final spring rainfall (Figure 12; 
rs = +0.87, p = 0.005), but a negative one with rainfall the 
previous spring (rs = -0.74, p = 0.038). we also looked at 
the number of consecutive dry days in each season, which 
might be expected to act as an indicator of drought condi-
tions, but this appeared to have little effect on the start of 
the glowing season.

turning now to temperature, warm final-spring 
weather might be expected to bring forward the start of 
the glowing season, for example by raising the hunting 
activity, metabolic rate and growth of larvae during 
periods of warm weather, thus allowing them to pupate 
earlier. indeed there is evidence that L. noctiluca larvae 
reared under relatively warm and constant laboratory 
conditions can reach pupation in less than a year, rather 
than the normal two or three years that would be required 

in the wild (David Booth, pers. comm.). Further anecdotal 
evidence for this idea comes from the fact that the unusu-
ally early glowing seasons of 2011 and 2014, referred to 
above, were preceded by the uk’s warmest and equal-
second warmest springs respectively for over a hundred 
years, while the late season of 2013 followed the coldest 
spring for fifty years (Met office data). looking at the 
data, clipstone, Polgraines and woodlands all showed 
statistically significant negative correlations between 
season start and the mean final-spring temperature for 
southern england (strictly speaking clipstone lies just 
twenty kilometres outside this region) and college lake 
followed a similar pattern though not at a statistically 
significant level (Figure 13). similar correlations were 
found for each of the spring months (March to May), 
though the one for March was weak and not statistically 
significant, perhaps because at this time many larvae 
would only just be emerging from the winter diapause and 
starting their ‘walkabout’ period (table 3). Thus it seems 
that a warm spring is likely to signal the early appearance 
of the first females that year, which would suggest that 
any future shifts in mean spring temperature, whether 
natural or anthropogenic, might be expected to alter 
the timing of the glowing season (indeed the Met office 
data used here shows that the mean spring temperature 
for southern england has already seen an overall rise of 
approximately 0.8°c since 1910, while the essex survey 
also found a negative correlation between spring temper-
atures and season start dates, and has already recorded a 
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trend towards earlier seasons on their sites). 
we found no obvious relationship between any of 

the four sites in terms of either season length or finish 
date and no overall change in the length of the season 
at Polgraines, college lake or woodlands, whereas at 
clipstone the trend was towards shorter seasons, though 
more data will be needed before we can say that this is 
part of a long-term trend.

habitat requirements
in addition to recording population trends our surveys 
also throw some light on what makes a good glow-worm 
habitat. L. noctiluca is generally regarded as an ecotone 
species, the adults favouring a relatively open, grassland 
habitat, likely to provide optimum visibility for displaying 
females and obstacle-free flying for males, whereas larvae 
are frequently found in more dense vegetation such as 
scrub or bramble (Rubus fruticosus) which may offer a 
richer supply of prey (tyler, 2002). This requirement for 
both open and closed habitat elements appears to be met 

on each of our survey sites. For example although much of 
the gorsty knoll survey area was dominated by bracken 
and gorse, displaying females were most commonly seen 
either in grassland areas or on the grassy margins of the 
taller vegetation. The contrasting habitat requirements 
of larvae and adults may also explain the difference in 
their distribution at homefield (Figure 14), where the 
relatively open grassland of the survey area was bordered 
by woodland to the north, west and south, and by a hedge 
to the east. Females were recorded fairly evenly across 
the survey area, whereas sightings of larvae tended to be 
more concentrated around the margins, perhaps having 
wandered in from the adjacent woodland. The unsuita-
bility of closed-canopy woodland as a habitat for adult 
glow-worms is clearly illustrated at old winchester hill 
where compartment 9, which consists of beech (Fagus 
sylvatica) woodland, accounted for just one (0.02%) of the 
4,857 females recorded during the survey, despite consti-
tuting 6% of the length of the transect. similarly at both 
shiplake and woodlands, where there is considerable tree 
cover, the vast majority of females were recorded in the 
more open areas of the site.

another site characteristic which is likely to be impor-
tant for the long-term survival of a glow-worm colony 
is habitat continuity, whether spatial or temporal. L. 
noctiluca’s extremely limited mobility and the increas-
ingly inhospitable and fragmented nature of much of the 
British landscape, are likely to make it extremely difficult 
for glow-worms to colonize new sites, or to re-colonize 
sites from which they have been lost, and this in turn 
would suggest that the majority of colonies are likely to 
be found on sites which have either supported suitable 
habitat over long, unbroken periods or been connected 
to such a site at some time in the recent past, allowing 
larvae to walk directly from one to the other. The ability 

Fig. 11 season start dates, woodlands vs Polgraines

Fig. 12 relationship between final spring rainfall and season 
start date, college lake.

clipstone college 
lake

Polgraines woodlands

March r = -0.18 r = -0.38 r = -0.08 r = -0.02
p=0.70 p = 0.36 p = 0.75 p = 0.93

april r = -0.82 r = -0.61 r = -0.55 r = -0.68
p = 0.02 * p = 0.11 p = 0.02 * p = 0.008 *

May r = -0.83 r = 0.02 r = -0.51 r = -0.80
p = 0.04 * p = 0.97 p = 0.03 * p = 0.001 *

spring r = -0.83 r = -0.59 r = -0.54 r = -0.66
p = 0.04 * p = 0.12 r = 0.03 * p = 0.01 *

* statistically significant

Table 3 correlations between mean temperatures for southern 
england and season start dates.
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of glow-worm populations to move into suitable habitat 
in this way was clearly demonstrated both at st. wulstan’s 
and at Benfield hill, where the main foci of distribution 
have shifted during the course of the surveys, apparently 
in response to changing habitat conditions. 

Most, though not all, of our sites appear to have the 
predicted history of habitat continuity. The site with 
perhaps the most impressive credentials for being ancient 
is old winchester hill, where the presence of an iron 
age hillfort indicates that at least part of the site has 
remained relatively undisturbed for two thousand years 
or more, while at shiplake the church, and therefore 
presumably the churchyard, date back to circa 1140 aD. 
a further nine (60%) of the sites (clipstone, gorsty knoll, 
homefield, lance’s cottage, Bramble’s wood, Polgraines, 
west chiltington common, whitecross green and 
woodlands) either contain or are immediately adjacent 
to areas of ancient woodland, where rides, clearings and 
woodland margins are likely to have provided a suitable 
habitat for glow-worms for several centuries (in the 
english context an ancient wood is defined as one with an 
unbroken history of woodland going back to at least 1600). 
similarly at Benfield, homefield and Polgraines the grass-
land is thought to have almost entirely escaped ploughing 

and chemical treatment for at least two hundred years.
at the remaining three sites the element of habitat 

continuity, and therefore the source of the glow-worms, 
is less obvious. college lake, st.wulstan’s and shadox-
hurst were all formerly agricultural fields, which to judge 

Fig. 13 relationship between mean spring temperature and season start date.

Fig. 14 Distribution of glow-worm larvae and females at 
homefield, 1998.



  glow-worM staus in englanD    33

 © 2017 Brazen Head Publishing

by the distribution of glow-worms today is not a particu-
larly favourable habitat for L. noctiluca. st. wulstan’s 
has suffered the additional disturbance of having been 
occupied by buildings for some forty years. however, 
what all three sites have in common is that they are 
either transected or bordered by linear features which 
may have served as sanctuaries and/or biological corri-
dors from which glow-worms were able to establish or 
re-establish themselves when suitable habitat became 
available. Thus at st. wulstan’s a tree-lined ditch on the 
eastern boundary and the Mere Ditch on the south are 
both shown on an ordnance survey map of 1885 and may 
have provided the route by which glow-worms were able 
to colonize the site after it was restored as a nature reserve 
(they were first recorded within 20 metres of the eastern 
ditch). similarly the site now occupied by college lake 
previously contained a number of hedges which were 
subsequently lost during mineral extraction. today it is 
situated between a railway line built in the 1830s and a 
stretch of canal dug at the end of the eighteenth century. 
glow-worms have frequently been recorded along or 
adjacent to railway lines, both in the uk (robin scagell, 
pers. comm.) and in switzerland (stefan ineichen, pers. 
comm.), perhaps because their margins are generally 
managed in such a way as to inadvertently create a mosaic 
of open and densely vegetated habitat which is likely to 
be attractive to glow-worms and to allow them to spread 
over considerable distances. in contrast it is interesting to 
note  in passing that although canal towpaths might be 
expected to offer a similar opportunity for glow-worms 
(and are certainly more frequently visited at night than 
railways), the uk glow-worm survey receives very few 
sightings from them, though the reason for this is not yet 
clear (robin scagell, pers. comm.). Finally, of our fifteen 
sites the one with the most tenuous claim to any sort of 
habitat continuity is shadoxhurst, a residential road built 
on arable land. here the only surviving thread of earlier 
habitat is a hedge that appears on an ordnance survey 
map of 1872, passing directly through the site of the 
gardens in which glow-worm were later recorded. 

Thus it seems that for each of our sites it is possible 
to demonstrate some degree of habitat continuity, albeit 
more distinct in some cases than in others. The relevance 
of this finding, echoing many other surveys and casual 
sightings of glow-worms, is discussed below.

  

Discussion

Perhaps the most striking finding from our combined 
surveys, and certainly the most worrying from a conser-
vation perspective, was the significant decrease in 
glow-worm counts on five of the eight sites with adequate 
data for analysis (together with a less significant fall at a 

sixth site). This pattern is all the more worrying because 
four of the affected populations are on nature reserves 
(and the fifth on land managed with wildlife in mind). in 
the wider countryside, subject to threats such as destruc-
tion and disturbance of habitat, light pollution and pesti-
cides, the situation may well be worse. Thus our results, 
which reinforce those of the essex survey, paint a less than 
rosy picture of L. noctiluca’s current status in southern 
england.

two questions remain unanswered. Firstly, in this 
relatively brief snapshot, with such large oscillations in 
counts from year to year, are we seeing part of a genuine 
long-term decline in glow-worm numbers or simply a 
temporary phase of downturn set within wider fluctua-
tions in population? secondly if this long-term decline is 
indeed genuine then what is causing it? Few of the sites 
in question appear to have changed drastically during the 
course of the survey in terms of land-use, vegetation or 
habitat management, which might suggest that external 
factors such as airborne pollution or climatic changes 
(discussed below) may be to blame, but without more 
data we can only speculate.

The ecological history of our sites underlines the impor-
tance of habitat continuity for the survival of glow-worm 
colonies, and also suggests that this continuity may be 
provided by man-made linear features such as railways 
and hedges, while the observations from Benfield and st. 
wulstan’s demonstrate L. noctiluca’s ability to move into 
adjacent areas of suitable habitat as these become avail-
able. By creating ‘corridors’ to link small colonies, whose 
size and natural population fluctuations make them 
vulnerable to local extinction, it should be possible to 
form larger, more resilient meta-populations.

our surveys also demonstrate the research value of 
mapping glow-worms as well as counting them. The 
increasing accuracy and affordability of global positioning 
system (gPs) equipment make it possible to map the 
precise positions of large numbers of glowing females, but 
even an approximate sketch map is sufficient to identify 
the most significant parts of a site for adult glow-worms. 
Thus for example at lances cottage there were clear 
concentrations of females around ponds and a compost 
heap, perhaps indicating good snail habitat, whereas maps 
for shiplake, old winchester hill and woodlands clearly 
illustrate the adults’ avoidance of wooded areas, while at 
Polgraines females were much more evenly distributed 
through the meadows. in some cases it may also be easier 
to identify either an improvement or a deterioration of 
habitat from a shift in glow-worm distribution rather than 
from their numbers, as was seen at st. wulstans. 

The correlation between mean count and the total 
number of females emerging per season, based on a sample 
size of nearly seven thousand records (Figure 4) may offer 
a useful method of estimating population sizes on other 
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sites, which may in turn have practical conservation value 
at a time when a growing number of glow-worm colonies, 
both in the uk and elsewhere, are coming under threat 
from development schemes such as housing and roads. 
where an inconveniently positioned colony is identi-
fied, the solution all too often put forward by developers 
and planning authorities is simply to translocate them to 
another site, either vacant or already supporting its own 
glow-worms. our data suggest that the total number of 
adult females emerging in the course of a glowing season 
will be in the order of 25 times the number seen on any 
one night of the season (though obviously the greater the 
number of counts, the more accurate the calculation will 
be). given a sex ratio in L. noctiluca of 1:1 (tyler, 2013), 
there are likely to be an equivalent number of males 
present, the vast majority of which will go unnoticed and 
unrecorded. with little data available on larval mortality 
rates it is far more difficult to arrive at even an approxi-
mate figure for the number of larvae present, particularly 
as these will consist of a mixture of individuals in their 
first, second, third and even fourth calendar years. studies 
in captivity have found that a typical female may lay 50, 
100 or even 150 eggs (horne 2009, tyler 2002) and if for 
the sake of argument, and until we have more definitive 
data, we suppose that the number of larvae hatching from 
a typical batch of eggs declines in a more or less linear 
fashion then a ratio of fifty larvae to each adult female 
seems to be a not unreasonable working figure. Thus as a 
very approximate rule of thumb it seems quite realistic to 
suggest that each female seen displaying on any one night 
represents less than 0.1% of the site’s total glow-worm 
population. Though only intended as a provisional figure, 
this clearly illustrates the near-impossibility of rescuing 
more than a trivial proportion of a threatened glow-worm 
population and underlines the fact that whilst the careful 
transfer of a few breeding pairs from a thriving colony to 
establish a new population on a suitable site may serve as 
a valuable conservation tool, any attempt at total translo-
cation from a threatened site is likely to be little more than 
a ‘cosmetic’ exercise rather than a satisfactory alternative 
to protecting existing colonies.

climate modelling data from the uk climate Projec-
tions project suggest that for the remainder of this century 
we can expect to see mean summer precipitation fall and 
mean summer temperatures rise across most of the uk 
(ukcP09) and our results suggest that these changes are 
likely to affect L. noctiluca populations in various, and 
sometimes conflicting ways. while we have yet to identify 
a clear link between rainfall and mean count on most of 
our sites this may simply be because at present rainfall in 
the uk rarely drops below a threshold where mortality 
due to factors such as desiccation and unavailability 
of prey becomes apparent. if however the correlation 
between low final summer rainfall and low glow-worm 

counts seen at woodlands proves to be a general pattern 
resulting from increased mortality then the population 
drops recorded on several of our sites during the excep-
tionally warm, dry summer of 2003 could be regarded as 
a worrying taste of things to come. 

as for rising temperatures, if the positive correlation 
that we observed between mean counts and the summed 
mean temperatures during the main seasons of larval 
growth proves to be representative of other sites, and if it 
is due to reduced mortality rather than accelerated larval 
development, then a moderate temperature increase 
could actually benefit glow-worms, at least in the short 
term. This is perhaps not surprising given that L. noctiluca 
is found as far south as the Mediterranean and that in the 
uk it is close to the northern edge of its range, becoming 
increasingly scarce with latitude. indeed in an ideal world 
a rise in temperature might allow it to spread northwards, 
though in the uk’s fragmented landscape, where most 
colonies are marooned on their own island of habitat, this 
is unlikely to happen without our assistance. however, the 
negative correlations with maximum temperatures (table 
2) suggest that there exists an as yet unknown threshold, 
above which increasing temperatures are likely to lead to 
a fall in glow-worm populations.

our results also suggest that lower spring rainfall and 
higher spring temperatures are likely to be associated with 
an earlier start to the glowing season, though the impact 
of this shift may be less serious for L. noctiluca, which does 
not feed as an adult, than it would be for a more specialist 
species dependent on a particular, seasonally available 
resource. Furthermore the projected reduction in the 
number of wet nights during the glowing season could 
actually be moderately beneficial in allowing males to fly 
on more nights of the season. Thus it is as yet too soon 
to predict precisely what overall effect future changes in 
climate will have on glow-worms in the uk and beyond, 
which makes long-term monitoring of the sort described 
here all the more important.
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