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Abstract 
The Duke of Burgundy butterfly (Hamearis lucina) is known to have specific habitat requirements for its larval foodplants. 
However, no studies have yet investigated whether these preferences vary over time or in relation to climate, and there is a 
paucity of data on whether management on reserves can replicate preferred conditions. Here, we build upon existing research 
to confirm which characteristics Duke of Burgundy prefer for their larval foodplants, whether preferences remain consistent 
across years, and whether conservation management on reserves can replicate these conditions. Fieldwork was carried out at 
Totternhoe Quarry Reserve, a chalk grassland site in Bedfordshire, UK. Confirming previous research, we found that large 
Primula plants in dense patches were chosen for oviposition, but that once chosen there was no preference to lay eggs on a 
plant’s largest leaf. Chosen foodplants were also more sheltered and in closer proximity to scrub than their controls. How-
ever, at a finer scale, we found little evidence for any preference based on differences in microclimate, or vegetation height 
immediately surrounding the plants. This suggests features that alter microclimatic conditions at a larger scale are relatively 
more important for determining the suitability of oviposition sites. Nearly all preferences remained consistent over time and 
did not vary between years. Management of scrub on the reserve was able to reproduce some preferred habitat features (high 
plant density), but not others (large plant size).
Implications for insect conservation  The consistency of findings across years, despite inter-annual variation in temperature, 
rainfall and number of adults, indicates that the Duke of Burgundy is conservative in its foodplant choice, highlighting its 
need for specific habitat management. Targeted management for foodplants could form part of a tractable set of tools to 
support Duke of Burgundy numbers on reserves, but a careful balance is needed to avoid scrub clearance leaving plants in 
sub-optimal conditions.
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Introduction

The choice of oviposition location by adult female but-
terflies can be subject to strong selection pressure, as their 
relatively immobile larvae rely almost completely on female 
site selection to determine their chances of survival (Chew 
1977; García-Barros and Fartmann 2009; Beyer and Schultz 
2010) and butterflies commonly have distributions closely 

linked to that of their larval foodplants (Dennis et al. 2004). 
However, foodplant abundance is only one of many fac-
tors affecting butterfly range, and foodplants are often far 
more widespread than the species they support (Dennis and 
Shreeve 1991; Dennis et al. 2005; Turner et al. 2009; Hayes 
et al. 2018). Indeed, many butterfly populations have become 
extinct in locations where their foodplants are still abundant 
(Butterflies Under Threat Team 1986). This may be linked 
to fine scale habitat differences associated with foodplants, 
which can reduce larval survival or the chance that butter-
flies oviposit (Elmes and Wardlaw 1982a, 1982b). Factors 
found to determine foodplant suitability for butterfly ovipo-
sition include, but are not limited to: plant size, accessibil-
ity (Anthes et al. 2008) and phenology (Leon-Cortes et al. 
2004); surrounding vegetation structure, degree of shelter 
and associated microclimate (Fartmann 2006; Loffler et al. 
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2013); aspect, slope (Turner et al. 2009); and foodplant 
chemical composition (Awmack and Leather 2002; Kurze 
et al. 2018). To conserve threatened butterfly species, a 
knowledge of factors determining the suitability of oviposi-
tion locations may be key to tailoring management regimes 
to produce foodplants that encourage female oviposition and 
support larval growth and survival.

The Duke of Burgundy butterfly (Hamearis lucina) is 
one such species that has extremely specific larval habitat 
requirements (Sparks et al. 1994; Fartmann 2006; Anthes 
et al. 2008; Turner et al. 2009; Goodenough and Sharp 
2016). Its larvae are narrowly oligophagous, and eggs are 
laid only on plants of the genus Primula, with variation in 
plant quality rendering a large proportion unsuitable for ovi-
position (Nakonieczny and Kedziorski 2005; Anthes et al. 
2008; Hayes et al. 2018). Indeed, female Duke of Burgundy 
often oviposit on plants that already have conspecific eggs 
present on them, despite other unoccupied Primula plants 
being present nearby. On one occasion, Kirtley (1997) 
found a single plant containing 45 eggs from several differ-
ent females, with habitat factors apparently outweighing the 
costs of increased larval competition (Kirtley 1995). Simi-
larly, in 2006, working on the same chalk grassland reserve 
as this study (Totternhoe Quarry Reserve, Bedfordshire, 
UK), Turner et al. (2009) found that only 2.4% (87/3686) of 
searched Primula plants had Duke of Burgundy eggs pre-
sent. These plants were located by surveying areas known 
to support Duke of Burgundy on the reserve and plants that 
were used for oviposition contained on average 3.1 eggs, but 
some contained as many as ten. A second data set was also 
recorded at Totternhoe in 2006, where every Primula plant 
on the reserve was located and the whole site was searched 
for larval feeding damage. These results were mapped by 
Hayes et al. (2018) who found that only 0.95% (84/8819) 
of the total number of plants showed larval damage. Taken 
together, these results indicate that a very small percentage 
of Primula plants have eggs laid on them and that an even 
smaller percentage support the prolonged survival of Duke 
of Burgundy larvae.

The vast majority of Duke of Burgundy populations in the 
UK now occupy scrubby calcareous grasslands (Bourn and 
Warren 1998; Oates 2000; Jones et al. 2012). Historically, 
the species was more frequently encountered in woodland 
clearings (Newman 1871), but populations are thought to 
have been displaced from these sites due to the widespread 
decline of traditional coppicing. This resulted in open wood-
lands closing up and foodplants being shaded out (Sparks 
et al. 1994; Oates 2000; Fartmann 2006; Noake et al. 2008). 
On grassland sites, female Duke of Burgundy butterflies tend 
to lay eggs on larger plants in denser patches, associated 
with either nearby scrub or taller surrounding vegetation, 
providing Primula with a shaded root system (Oates 2000; 
Turner et al. 2009). Together, this is thought to provide a 

large food source and reduce the risk of desiccation, increas-
ing resources for larvae throughout their development 
(Sparks et al. 1994; Fartmann 2006; Anthes et al. 2008; 
Turner et al. 2009). This is supported by Goldenberg (2004), 
who found that plants chosen for oviposition were less water 
stressed than controls. Given its recent shift out of sheltered 
woodland habitats and its apparent reliance on certain water 
conditions, projected regional warming (Intergovernmental 
Panel on Climate Change 2014) and increased likelihood of 
extreme weather events such as drought could pose serious 
threats to the Duke of Burgundy (Fartmann 2006; Turner 
et al. 2009). Therefore, it is important to quantify how flex-
ible the butterfly’s habitat preferences are across years and 
in different weather conditions, to assess its vulnerability to 
future climate change.

Management for the Duke of Burgundy on reserves often 
involves manual scrub clearance or grazing to stop early 
successional Primula plants being swamped by encroach-
ing woody vegetation (Bourn and Warren 1998). Brys et al. 
(2004) found that clearance of vegetation can be used to 
maintain high numbers of Primula and promote high seed 
output for future years, but that management must occur at 
the right time of year. Mowing or grazing in the autumn, 
after the main period of Primula growth, had the best results 
(Brys et al. 2004). Goodenough and Sharp (2016) also found 
that grazing in the autumn increased Primula abundance, 
but that if this was undertaken at the wrong time of year 
or at the wrong intensity it could also cause plants to grow 
in sub-optimal forms for the Duke of Burgundy. Moder-
ate grazing pressure during the autumn was found to have 
the best results and to support the highest number of large 
and succulent plants. They also found that grazing should 
be spread across a whole site instead of being confined to 
smaller sections on rotation, so that grazing intensity is not 
too high in any area (Goodenough and Sharp 2016). Fart-
mann (2006) also investigated the effects of different grazing 
regimes, but this time directly investigated their impact on 
the occurrence and density of Duke of Burgundy popula-
tions. The study found that traditional rough cattle grazing, 
taking place from late summer onwards, supported the high-
est densities of eggs and adult butterflies. Fartmann (2006) 
suggested that this could be due to the way cattle feed. By 
pulling and cropping vegetation with their tongue, cattle pro-
duce a diverse sward height, which can promote Primula 
plant growth, whilst also providing shelter for oviposition. 
Timing intervention until after the larvae pupate, from late 
summer onwards, is also likely to minimise disturbance to 
the butterfly (Butterflies Under Threat Team 1986; Bourn 
and Warren 1998).

Here we build upon and verify the work of previous stud-
ies, to investigate fine scale ovipositional preferences of the 
Duke of Burgundy at Totternhoe Quarry, a chalk grassland 
reserve in Bedfordshire, UK. By comparing physical habitat 
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attributes and direct measures of microclimate in close prox-
imity to larval-damaged foodplants with those of undamaged 
controls, we examine the specific habitat requirements of 
this life stage. For the first time, we compare habitat and 
microclimatic preferences collected using comparable meth-
ods in five different years over a 14-year period (2006, 2007 
(results previously published in Turner et al. (2009)), 2009, 
2016 and 2020) to assess whether any preferences vary over 
time. Finally, we compare Primula plant characteristics in 
paired scrub cut and unmanaged areas at Totternhoe Quarry, 
to assess the effects of management and whether scrub cut-
ting results in plants with features selected by Duke of Bur-
gundy for oviposition.

Methods

Study site

All fieldwork was carried out at Totternhoe Quarry Reserve 
in Bedfordshire (latitude = 51:89 N, longitude = 00:57 W), 
an area of unimproved chalk grassland owned and managed 
by the Wildlife Trust for Bedfordshire, Cambridgeshire and 
Northamptonshire (BCN Wildlife Trust). At 13.6 hectares, 
the site is small, but supports several rare species of plants 
and invertebrates, including a good population of Duke 
of Burgundy butterflies, which have been studied for over 
10 years. Additional land has gradually been acquired by 
the BCN Wildlife Trust to expand the site and link it to 
other protected areas, forming a larger Totternhoe reserve 
network (BCN Wildlife Trust, Totternhoe 2020). For more 
details, see Turner et al. (2009), Hayes et al. (2018) and 
Hayes et al. (2019).

We obtained regional climatic data from the MET Office 
to quantify differences in rainfall and temperature between 

recording years. Data on daily rainfall, mean, daily maxi-
mum and daily minimum temperature were acquired from 
the Woburn weather station (latitude = 52:01  N, longi-
tude = 00:59 W), just over ten miles from Totternhoe Quarry 
Reserve, for April, May and June (when females were select-
ing sites for oviposition) in each recording year (Met Office 
2006). The first date that adult Duke of Burgundy butterflies 
were observed, and the date peak numbers of adults were 
counted at Totternhoe Quarry, were also obtained for each 
recording year from the Biodiversity Recording and Moni-
toring Centre for Bedfordshire and Luton (BRMC). Data 
were gathered from a standardised transect through repre-
sentative habitats on the reserve, which was walked weekly 
at Totternhoe throughout the flight season of the Duke of 
Burgundy, as part of the Butterfly Monitoring Scheme 
(UKBMS, Methods 2020). Regional climatic variables 
showed some interannual variability across the 14 years of 
this study. Mean temperature ranged from 11.8 to 12.7 °C, 
with mean daily maximum and mean daily minimum tem-
peratures ranging from 16.4 to 18.9 °C and 6.5 to 7.7 °C 
respectively. Rainfall ranged from an average of 0.9–2.7 mm 
per day (Table 1). The first date adult Duke of Burgundy 
butterflies were observed on site and the date peak numbers 
were recorded also varied across years, ranging from April 
21st–May 12th and April 25th–May 23rd respectively, with 
the peak numbers themselves ranging from 5 to 14 adults 
observed (Table 1).

Foodplant habitat attributes

From June to August 2016, the entire Totternhoe Quarry 
Reserve was systematically surveyed for Primula foodplants 
that showed the distinctive peppering damage pattern pro-
duced by Duke of Burgundy larvae (Oates 2000; Turner 
et al. 2009). In 2020 the survey was repeated over the entire 

Table 1   Regional climate data obtained from the MET Office Woburn weather station, less than ten miles from our study site at Totternhoe 
Quarry

Data on mean, daily maximum, daily minimum temperature and daily rainfall are displayed (± one standard error) for the months of April, May 
and June (the flight period of the Duke of Burgundy), for each of the five years of this study. The first date adult Duke of Burgundy butterflies 
were observed, and the date peak numbers of adults were counted at Totternhoe Quarry were also obtained for each year of the study from the 
Biodiversity Recording and Monitoring Centre for Bedfordshire and Luton (BRMC)
a The first covid-19 lockdown in England in March of 2020 coincided with the Duke of Burgundy flight season, which reduced the possible num-
ber of survey days

Aspect of climate/Duke of Burgundy population data 2006 2007 2009 2016 2020

Mean daily minimum temperature (°C) (± SE) 7.4 (± 0.4) 7.7 (± 0.4) 7.3 (± 0.3) 7.1 (± 0.5) 6.5 (± 0.4)
Mean temperature (°C) (± SE) 12.4 (± 0.4) 12.7 (± 0.3) 12.6 (± 0.3) 11.8 (± 0.4) 12.7 (± 0.4)
Mean daily maximum temperature (°C) (± SE) 17.4 (± 0.5) 17.7 (± 0.3) 17.8 (± 0.4) 16.4 (± 0.4) 18.9 (± 0.5)
Mean daily rainfall mm (± SE) 1.4 (± 0.3) 2.2 (± 0.5) 0.9 (± 0.3) 2.7 (± 0.8) 1.3 (± 0.4)
First Duke observation/emergence date 11/05/2006 01/05/2007 29/04/2009 12/05/2016 21/04/2020a

Date of peak count 18/05/2006 22/05/2007 29/04/2009 23/05/2016 25/04/2020a

Number of adults observed during peak count 14 7 5 10 11a
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reserve but slightly later in the year (August only), owing 
to the restrictions of the COVID pandemic. The later sur-
vey date and associated growth of surrounding vegetation 
may, therefore, mean that damaged plants were less likely 
to be located in 2020. Work was carried out with the help of 
Wildlife Trust staff, volunteers and a number of university 
students. Throughout the surveys, we were conservative as 
to which plants were recorded, choosing only those which 
showed unambiguous Duke of Burgundy larval damage. Our 
criteria for inclusion followed the methods of Hayes et al. 
(2018) and were as follows: 1) plant damage had to be con-
centrated in the centre of the leaves, with the majority of 
veins, midribs and leaf edges remaining intact; 2) plants had 
to display a progression of increasing hole sizes, produced as 
larvae grew and moved away from the leaf where eggs were 
oviposited. When damage was found, measurements of the 
plant and its surrounding habitat attributes were recorded, 
following Turner et al. (2009). When several plants were 
found in a single area, they were recorded as separate indi-
vidual plants when leaves did not overlap. Measurements 
included: the number of other Primula plants within a 30 cm 
radius of the focal larval damaged plant (again only count-
ing separate surrounding plants if leaves did not overlap), 
the length of the longest leaf, and the length of the leaf with 
the smallest larval damage holes (termed the “egg leaf” and 
likely to be the leaf on which the eggs were laid, as dam-
age holes increase with larval size). Average vegetation 
height surrounding the plant was also measured by gently 
resting an A4 clipboard on the surrounding vegetation and 
measuring the height of the clipboard from the ground. This 
method is advocated by Stewart et al. (2001) who refer to it 
as ‘the direct method’ for measuring sward height. We also 
recorded the distance of the plant to the base of the nearest 
woody vegetation. Finally, we assessed the overall degree of 
shelter within close proximity of the plant using a five-point 
scale, with a shelter value of one signifying that all cardinal 
directions (north, east, south and west) were open and free 
from a barrier at one metre height for at least five metres, 
but a shelter value of five signifying that all four points of 
the compass were obstructed within this distance. A barrier 
could consist of any solid obstruction and included woody 
vegetation or steep banks (Turner et al. 2009; Hayes et al. 
2018). Finally, in 2016, a photograph of each plant was taken 
from above, alongside a numbered scale bar, allowing us 
to calculate plant size (surface area) using ImageJ visual 
processing software (ImageJ 2020) and a Wacom Intuos pro 
(PTH-851) drawing tablet. In 2020, approximate plant size 
(surface area) was calculated using the equation (Maximum 
length X Maximum width)/2, which equates the size of a 
diamond and follows the methods of Turner et al. (2009).

To compare measurements that vary at a small-scale 
(plant size, plant density, leaf length, vegetation height and 
distance to scrub), we selected a paired control plant in the 

immediate area of each larval damaged plant and repeated 
all measurements in a comparable way. Control plants were 
chosen by selecting the undamaged Primula plant lying clos-
est to one metre from the focal damaged foodplant in the 
direction north, east, south or west, with the direction being 
rotated sequentially to avoid bias.

For habitat features that are also or only likely to vary 
at larger scales, beyond a distance of one metre from focal 
foodplants (degree of shelter and a repeat measure of dis-
tance to scrub that assessed this preference at a larger scale), 
we selected unpaired control plants for comparisons. Using 
ArcMap GIS software (ArcMap 2020) and a 2016 map of 
the reserve (see Hayes et al. 2018), we generated two sets 
of random points across Totternhoe Quarry to match the 
number of larval damaged plants we had recorded in 2016 
and 2020. In April 2017 and September 2020 respectively, 
we located the Primula plant closest to each of these points 
and used them as controls to measure shelter and distance 
to scrub. As neither degree of shelter or distance to scrub 
are likely to vary with time of year, the later timing of these 
surveys is unlikely to influence results.

Foodplant microclimate

In August 2009, Tinytag data loggers (Gemini Tinytag TGP-
4510 Data Loggers) were placed at the base of 15 pairs of 
larval damaged plants and their controls (located within one 
metre of the larval damaged plants using the same methods 
as above) to compare temperature regimes, with readings 
being taken every hour over a two-day period. For a subset 
of six plants and their controls, relative humidity was also 
recorded. It should be noted that the microclimatic readings 
from August 2009 were likely taken after Duke of Burgundy 
larvae pupated. However, comparing foodplants selected for 
oviposition to controls still gives useful data on their relative 
differences in microclimate, even if data were collected later 
in the season than larvae were active. A similar, longer-term 
study was carried out from June 20th to July 19th 2016, 
using the first fourteen larval damaged foodplants and con-
trols located during surveys. These plants were spread across 
different habitat types and reflect the variety of conditions 
available on the reserve. This time, iButton data loggers 
(DS1921G-F5 thermochrons) were placed at the base of 
the plants and temperature was recorded every three hours 
throughout the entire recording period.

Cross year comparisons

To assess the consistency of foodplant preferences over time, 
we compared data on physical habitat attributes collected in 
2016 and 2020 to data collected using comparable methods 
at the same site in 2006 and 2007 (Turner et al. 2009). How-
ever, in 2006 and 2007 foodplants were found by searching 
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for eggs in known Duke of Burgundy hotspots, instead 
of searching for larval damaged plants across the whole 
reserve, as was done in 2016 and 2020. Although not all 
eggs will survive and develop into larvae that produce feed-
ing damage, both methods of surveying allow plants used 
by Duke of Burgundy for oviposition to be located and ana-
lysed. Control plants were selected in the same way across 
all years, unless specifically stated otherwise. To avoid con-
fusion we use the following terms throughout the rest of 
the paper: ‘foodplants’ when referring to plants selected for 
oviposition, which have been recorded by searching for eggs 
or larval damage; ‘control plants’ when referring to undam-
aged plants specifically selected as controls, and ‘Primula 
plants’ when referring to plants in general.

Comparable data sets for all four years existed for food-
plant size, length of longest leaf, surrounding vegetation 
height and density of surrounding Primula plants. How-
ever, in our study we measured the number of other Primula 
plants within 30 cm radius of a focal plant, whereas Turner 
et al. (2009) measured this within a 50 cm radius. We there-
fore calculated differences in density between foodplants and 
their controls for both studies and compared this parameter 
between years to account for this methodological difference.

Other factors were only collected across three years of 
study. In 2006, 2016 and 2020 the length of the egg leaf was 
recorded and in 2007, 2016 and 2020 the distance to scrub 
was measured for foodplants and their controls. However, 
in 2007 distance to scrub was only measured using paired 
control plants lying within one metre of foodplants, not for 
unpaired controls across the reserve. Therefore, to allow 
comparison across years, measures of distance to scrub in 
2016 and 2020 were also taken from paired controls lying 
within one metre of foodplants. All measures of tempera-
ture (mean temperature, variance, mean maximum and mean 
minimum daily temperatures) were available for comparison 
between 2009 and 2016 only.

Scrub clearance and Primula regrowth

In June 2017, we located areas that had been actively cleared 
of scrub over the last five years at Totternhoe Quarry, as part 
of ongoing conservation management. Of 26 available areas 
with a size of approximately 50 m2 or more, ten had unman-
aged dense scrub lying on a similar slope and aspect adjacent 
to them. These were selected as paired managed and unman-
aged controls, in which Primula plant abundance and size 
were surveyed. We established three separate plots in both 
cleared and control locations from which to take measure-
ments, by throwing up a one metre diameter hoop at random 
within each area. The number of Primula plants within each 
plot was then recorded and up to three Primula plants from 
each plot were selected for further measurements. If more 
than three plants were present in a plot, the three Primula 

plants closest to the edge, centre and 50 cm from the edge 
of each hoop were selected. The number of other Primula 
plants within 30 cm of each focal plant was counted and a 
photograph of each focal plant was taken with a scale. The 
size of each focal plant was measured from this image, using 
ImageJ software as detailed above. The time since scrub 
clearance in each of the managed areas was also recorded. 
However, we found that 90% were cleared within the preced-
ing 18 months, so it was not possible to assess the long-term 
impact of time since scrub clearance on Primula plants.

Analysis

We used R version 4.0.0, running the packages ‘plyr’, 
‘dplyr’, ‘plotrix’, ‘dunn.test’, ‘ggplot2’ and ‘ggpubr’ for all 
analyses and generating figures.

Foodplant habitat attributes

Because data were not normally distributed, we used non-
parametric tests to compare habitat attributes of larval dam-
aged foodplants with their undamaged controls. Data from 
2016 and 2020 were pooled and Paired Wilcoxon tests were 
used to compare the size of the plants, number of other 
Primula plants within 30 cm, longest leaf length and sur-
rounding vegetation height; with paired and unpaired Wil-
coxon tests comparing the distance of the plants to scrub at 
small and large scales respectively. To assess differences in 
shelter, we used a Chi square goodness-of-fit test to compare 
the observed shelter values of larval damaged foodplants to 
randomly distributed controls. A further paired Wilcoxon 
test was used to compare the length of the longest leaf to the 
length of the egg leaf across all larval damaged foodplants.

Foodplant microclimate

For 2009 and 2016, we calculated the mean temperature, 
variance, mean maximum and mean minimum daily tem-
peratures for each plant over the two day and one month 
recording periods, for each year respectively. For 2009, we 
repeated all calculations for relative humidity levels. We 
used paired Wilcoxon tests to compare all microclimatic 
variables experienced by larval damaged foodplants and 
their controls in 2009 and 2016 separately.

Cross year comparisons

Differences in physical habitat attributes between food-
plants selected for oviposition and their paired controls 
were calculated for 2006, 2007, 2016 and 2020 separately, 
by subtracting control plant from foodplant attributes, and 
then compared across all years with available data. For 
all analyses comparing factors across multiple years, we 
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used Kruskal–Wallis tests followed by Dunn’s post hoc 
tests with Bonferroni correction if significant differences 
were detected.

The differences between larval damaged foodplants and 
their controls (attribute value for control plant subtracted 
from foodplant) were also compared between 2009 and 
2016 for all temperature variables (mean temperature, 
variance, mean maximum and mean minimum daily tem-
peratures) using unpaired Wilcoxon tests.

Scrub clearance and Primula regrowth

For each managed and control area, we calculated the 
mean number of Primula plants within each plot, the mean 
size of focal plants, and the mean number of other Primula 
plants within 30 cm. We used paired Wilcoxon tests to 
compare these values between managed and control loca-
tions, with differences in Primula size and number of sur-
rounding plants within 30 cm only being analysed if both 
paired areas contained at least one plant.

To test whether Primula plants in managed areas were 
significantly smaller or were found at a lower density than 
foodplants chosen for oviposition, we compared size and 
number of plants around focal Primula plants in managed 
areas to the same characteristics for larval damaged food-
plants found in 2016 using one-sided unpaired Wilcoxon 
tests.

Results

Foodplant habitat attributes

In total, 110 Primula foodplants with Duke of Burgundy 
larval damage were located at Totternhoe Quarry Reserve 
in 2016 (87 plants) and 2020 (23 plants). Of these, only 
two plants were Primroses (P. vulgaris), with the other 108 
being Cowslips (P. veris). Larval damaged foodplants were 
significantly larger than control plants (Table 2A; Fig. 1A), 
and damaged foodplants were surrounded by more Primula 
plants than undamaged controls (Table 2A; Fig. 1B). Dam-
aged foodplants also had longer leaves than control plants 
(Table 2A; Fig. 1C). However, there was no evidence of 
a significant difference in surrounding vegetation height 
between foodplants and controls (Table 2A; Fig. 1D). Food-
plants were significantly closer to scrub when compared to 
controls at both the smaller (Table 2A; Fig. 1E) and larger 
scale (Table 2B; Fig. 2A), with increased significance at 
the larger scale. Foodplants were also in more sheltered 
locations than unpaired controls (Table 2B; Fig. 2B). Per 
foodplant, leaves chosen for oviposition were significantly 
shorter than the longest leaf recorded (Table 2A; (Fig. 1F).

Foodplant microclimate

In 2009 and 2016, the minimum daily temperatures of 
foodplants were significantly cooler than paired controls 
(Table 3; Fig. 3A and D), with minimum daily temperatures 

Table 2   Comparison of Duke of Burgundy larval damaged foodplants and undamaged control plants at Totternhoe Quarry Reserve in 2016 and 
2020

For foodplants only, another analysis was carried out comparing the length of their ‘longest leaf’ with that of their ‘egg leaf’, used by Duke of 
Burgundy for oviposition. Control plants were paired and within one metre of the larval damaged foodplants for all measures (A), apart from the 
final two listed in the table (B), where control plants were randomly distributed across the reserve to assess differences at a larger scale
**p < 0.01, ***p < 0.001

(A) Paired control plants

Feature of Primula plant or surrounding habitat Foodplants Control Plants n Test statistic p

Plant size cm2 (± SE) 150.0 (± 16.3) 72.9 (± 7.7) 110 pairs V = 5016.5 < 0.001***
Number of other Primula plants within 30 cm (± SE) 3.3 (± 0.2) 2.1 (± 0.2) 110 pairs V = 2866 < 0.001***
Longest leaf length cm (± SE) 12.1 (± 0.4) 10.1 (± 0.4) 110 pairs V = 4051.5 < 0.001***
Surrounding vegetation height cm (± SE) 8.7 (± 0.5) 7.8 (± 0.5) 110 pairs V = 3114 0.103
Distance to scrub cm (± SE) 66.1 (± 5.4) 83.0 (± 7.1) 110 pairs V = 2089.5 0.004**

Feature of Primula plant or surrounding habitat Egg leaf Longest leaf n Test statistic p

Length of egg leaf vs longest leaf cm (± SE) 10.6 (± 0.4) 12.1 (± 0.4) 110 pairs V = 1673 < 0.001***

(B) Unpaired control plants

Feature of Primula plant or surrounding habitat Foodplants Control plants n Test statistic p

Distance to scrub cm (± SE) 66.1 (± 5.4) 271.3 (± 30.6) 220 W = 2990.5  < 0.001***
Degree of shelter – – 220 X2 = 37.3 (df = 4)  < 0.001***
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of foodplants being an average of 0.5 °C cooler in 2009 
and 0.6 °C cooler in 2016. However, in 2009, no differ-
ences in mean temperature (Table 3; Fig. 3B), maximum 
daily temperature (Table 3; Fig. 3C), variance in tempera-
ture (Table 3; Fig. 3G), minimum daily humidity (Table 3; 
Fig. 3J), mean humidity (Table 3; Fig. 3K) or variance in 
humidity (Table 3; Fig. 3I) were detected between food-
plants and paired controls; with the same being true for 
mean temperature (Table 3; Fig. 3E), maximum daily tem-
perature (Table 3; Fig. 3F) and variance in temperature in 
2016 (Table 3; Fig. 3H). Maximum daily humidity levels 
were the same for foodplants and controls in 2009 (100% 
humidity across all plants) and therefore were not plotted 
(Table 3).

Cross year comparisons

Differences between foodplants selected for oviposi-
tion and their controls remained consistent across all 
recorded years (2006, 2007, 2016 and 2020) for both 
plant size (Table 4; Fig. 4A) and density of surrounding 
Primula plants (Table 4; Fig. 4B), although there was a 
significant difference found in the length of longest leaf 
(Table 4; Fig. 4C). Pairwise comparisons using a Dunn’s 
post hoc test showed that the only significant difference 
was between 2006 and 2007 (p = 0.004), with foodplants 
in 2006 having relatively shorter leaves when compared 
to their controls than those in 2007. However, all years 

Fig. 1   A Plant size, B number of other Primula plants within 30 cm, 
C longest leaf length, D surrounding vegetation height and E dis-
tance to scrub of larval damaged foodplants, compared to undamaged 
control plants, at Totternhoe Quarry Reserve in 2016 and 2020. For 
foodplants, the length of the ‘longest leaf’ was also compared to the 
length of the ‘egg leaf’ used for oviposition (F). All paired control 

plants were within one metre of the larval damaged foodplant. Box 
and whisker plots show median values, with boxes representing the 
interquartile range and whiskers extending to the largest value no 
more than 1.5 × the interquartile range. For ease of readability, out-
lying data points beyond this range are not displayed. **p < 0.01, 
***p < 0.001, NS = no significant difference
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followed the same overall trend, with leaves being longer 
on foodplants selected for oviposition than their controls.

Differences between foodplants selected for oviposi-
tion and their controls also remained consistent across all 
years of study for surrounding vegetation height (Table 4; 
Fig. 4D), with the same being true for distance to scrub 
in 2007, 2016 and 2020 (Table 4; Fig.  4E). However, 
there was a significant difference between the relative 
length of egg leaves and longest leaves in 2006, 2016 and 

2020 (Table 4) (Fig. 4F). Pairwise comparisons using a 
Dunn’s post hoc test showed that significant differences 
occurred between 2020 and 2006 (p = 0.006), as well as 
2020 and 2016 (p = 0.004), with egg leaves in 2020 being 
even smaller than longest available leaves relative to other 
years. Again, despite differences in magnitude, all years 
still followed the same overall trend, with egg leaves tend-
ing to be smaller than the longest leaves available on food-
plants for oviposition.

Fig. 2   A Distance to scrub and B observed shelter values of larval 
damaged foodplants compared to that of unpaired randomly distrib-
uted control plants at Totternhoe Quarry Reserve in 2016 and 2020. 
A shelter value of one indicates that there was no barrier within five 
metres of the plant in all four cardinal directions (north, east, south 
and west), while a value of five indicates that a barrier was present in 

all four directions. Box and whisker plots show median values, with 
boxes representing the interquartile range and whiskers extending to 
the largest value no more than 1.5 × the interquartile range. For ease 
of readability, outlying data points beyond this range are not dis-
played. ***p < 0.001

Table 3   Comparison of 
microclimatic features of 
foodplants selected for 
oviposition and undamaged 
control plants at Totternhoe 
Quarry Reserve in 2009 and 
2016

Control plants were paired and within one metre of foodplants for all measured features. *p < 0.05

Feature of microclimate Foodplant Control plant n Test statistic p

2009
 Minimum daily temperature, °C (± SE) 11.5 (± 0.2) 12.0 (± 0.3) 15 pairs V = 23 0.035*
 Mean temperature, °C (± SE) 15.4 (± 0.3) 15.7 (± 0.4) 15 pairs V = 43 0.359
 Maximum daily temperature, °C (± SE) 23.0 (± 0.9) 23.7 (± 1.1) 15 pairs V = 46 0.454
 Temperature variance (± SE) 0.3 (± 0.1) 0.3 (± 0.1) 15 pairs V = 57 0.890
 Minimum daily humidity, % (± SE) 82.0 (± 4.1) 74.0 (± 5.0) 6 pairs V = 15 0.438
 Mean humidity, % (± SE) 97.0 (± 1.2) 96.0 (± 0.9) 6 pairs V = 14 0.563
 Maximum daily humidity, % (± SE) 100.0 (± 0.0) 100.0 (± 0.0) – – –
 Humidity variance (± SE) 0.5 (± 0.2) 1.2 (± 0.7) 6 pairs V = 6 0.438

2016
 Minimum daily temperature, °C (± SE) 13.9 (± 0.1) 14.5 (± 0.2) 14 pairs V = 15 0.017*
 Mean temperature, °C (± SE) 17.7 (± 0.2) 17.7 (± 0.2) 14 pairs V = 58 0.761
 Maximum daily temperature, °C (± SE) 22.5 (± 0.4) 22.3 (± 0.4) 14 pairs V = 58 0.761
 Temperature variance (± SE) 2.0 (± 0.2) 2.1 (± 02) 14 pairs V = 57 0.807
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Differences between foodplants and controls remained 
consistent for all temperature variables between 2009 and 
2016; including minimum daily temperature (Table  4; 
Fig. 5A), maximum daily temperature (Table 4; Fig. 5B), 
mean temperature (Table 4; Fig. 5C) and variance in tem-
perature (Table 4; Fig. 5D).

Scrub clearance and Primula regrowth

Scrub-cleared areas had significantly higher numbers of 
Primula plants than adjacent unmanaged control areas, per 
one-metre diameter sample plots (Table 5; Fig. 6A). How-
ever, numbers varied widely, with some sample locations 
containing no plants, whilst others contained as many as 17 
plants. Comparing areas that contained at least one Primula 
plant, we found that the number of Primula within 30 cm of 
focal plants did not differ significantly between cleared and 
control areas, although there was a trend for managed loca-
tions to have a higher density of plants (Table 5; Fig. 6B). 
The size of Primula plants did not differ significantly 
between managed and control locations (Table 5; Fig. 6C).

Foodplants selected for oviposition in 2016 and Primula 
plants in managed areas in 2017 did not differ significantly 
in the number of other Primula plants found within 30 cm 
of them (Table 6; Fig. 7A). However, foodplants selected for 
oviposition were significantly smaller than plants in man-
aged areas (Table 6; Fig. 7B).

Discussion

Key findings

We found that foodplants used by Duke of Burgundy for 
oviposition differed in their characteristics from other plants, 
confirming findings of previous studies (Sparks et al. 1994; 
Fartmann 2006; Anthes et al. 2008; Turner et al. 2009). Both 
physical and microclimatic features selected for oviposition 
by the Duke of Burgundy remained consistent across years, 
highlighting highly conservative foodplant choice by this 
species. Scrub clearance management at Totternhoe Quarry 
Reserve promoted some, but not all of the features required 
for foodplants by this species.

Foodplant habitat attributes

The largest Primula plants in the densest patches were 
selected for oviposition, providing a large food source. This 
is likely to benefit larval growth and survival, especially as 
larvae are known to be able to move short distances to sur-
rounding plants in search of food (Sparks et al. 1994; Oates 
2000; Turner et al. 2009). The selected foodplants also had 
longer leaves than their undamaged, paired controls, but the 

leaf specifically used for oviposition was often not the larg-
est on the plant. Increased leaf length would supply more 
food to larvae and is linked to increased overall plant size. 
However, due to leaves on plants overlapping and larvae 
being able to travel short distances (Oates 2000; Turner et al. 
2009), there would likely be very little benefit in selecting 
the longest leaf for oviposition, once a suitable plant was 
found. Our findings suggest that leaf length is not a cue 
females use to select specific oviposition location on a plant.

Vegetation height did not differ significantly between 
foodplant and control plant locations and was slightly shorter 
than the 10–20 cm height generally found in other studies 
(Butterflies Under Threat Team 1986). This matches find-
ings recorded by Turner et al. (2009) from the same site and 
could be due to the high overall scrub cover and sheltered 
slopes at Totternhoe Quarry Reserve (Hayes et al. 2018), 
meaning microclimates are sufficiently cool for the larvae 
even in shorter vegetation (Sparks et al. 1994; Kirtley 1995). 
This is backed up by the finding that foodplants were closer 
to woody vegetation than controls. Fartmann (2006) found 
foodplants selected for oviposition could be further from 
scrub in cooler, wetter environments, as additional shelter 
was not essential. Taken together, these results indicate that 
different combinations of factors can provide the same habi-
tat characteristics required by Duke of Burgundy, optimising 
the speed of egg and larval development, whilst reducing 
the risk of desiccation (Anthes et al. 2008). Therefore, on 
the highly sheltered Totternhoe Quarry Reserve, vegetation 
height may not be as important for determining suitable 
microclimates for Duke of Burgundy, as it can be in other 
less-sheltered locations. Another possible contributing factor 
is that taller surrounding vegetation, while helping to retain 
moisture, may also hinder a female butterfly’s ability to find 
or access a Primula plant (Anthes et al. 2008), reducing 
oviposition on plants in taller vegetation.

When control plant locations were randomly selected 
from across the reserve, significant differences were found 
between foodplants and controls in characteristics that are 
likely to influence microclimate. Foodplants selected for 
oviposition were in more sheltered locations and closer to 
scrub. Again, this is likely to mean that the foodplants were 
in cooler and damper locations, benefitting larval growth 
and survival. However, plants in the highest shelter category 
were less commonly occupied by larvae than plants in areas 
with intermediate shelter values. This may be due to similar 
issues related to plant accessibility in areas with higher veg-
etation height (Sparks et al. 1994; Anthes et al. 2008), with 
plants in the most sheltered locations being more difficult 
for females to find or access. In line with previous findings 
(Hayes et al. 2018, 2019), it could also be that adult Duke 
of Burgundy, which require high temperatures to warm up, 
avoid the most overgrown areas for oviposition, which may 
be too shaded and cool.
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Foodplant microclimate

Nearly all measures showed no significant difference 
between foodplants and paired controls. This is surprising, 
as we expected butterflies to select foodplants that would 
be less likely to desiccate and these would be likely to 
have mean or maximum daily temperatures lower and rela-
tive humidity higher than controls (Thomas and Simcox 
2005; Woon et al. 2019). However, in both years minimum 
daily temperature of foodplants was significantly cooler. 
Such lower minimum temperatures at night are difficult to 
explain, as foodplants were closer to scrub, in areas that 
should be buffered against the coldest nightly temperatures 
(Bladon et al. 2020; Kumar et al. 2020). As temperature 
loggers were placed at the base and centre of Primula 
plants, this finding may reflect differences in ground cover 
by the foodplants themselves, with larger plants keeping 
the area more open and exposing their centres to higher 
cooling at night.

The lack of difference between other aspects of food-
plant and control microclimate indicates, at first glance, 
that microclimate is not as important a factor in determin-
ing choice of foodplant as other studies suggest (Sparks 
et al. 1994; Fartmann 2006; Anthes et al. 2008; Turner 
et al. 2009). The finding also conflicts with other results 
from this study, where we propose that proximity to scrub 
and a high degree of shelter are chosen by females, because 
they are important for maintaining a suitable microclimate. 
One explanation for the similarity of microclimatic read-
ings is that all of the control plants were within one metre 
of foodplants. At this distance, vegetation height, degree 
of shelter, and consequently microclimatic variables, are 
likely to vary little, even if microclimate is an important 
factor for the butterflies in selecting foodplants at larger 
scales. Having already selected a suitable vegetation struc-
ture and microclimate, oviposition choice by female Duke 
of Burgundy within these areas may, therefore, be more 
heavily based on plant size and density.

Cross year comparisons

In spite of variability in temperature and rainfall across years 
in this study, comparison of foodplants and their controls 
showed that ovipositional preferences were remarkably 
consistent between years. Larger plants in denser patches 
were consistently selected for oviposition and, in all years, 
selected foodplants had longer leaves than controls, although 
the longest leaf was not always used as the specific location 
for oviposition. However, despite trends being conserved 
across years, some small differences were detected. In 2006, 
the difference in the lengths of longest leaves between food-
plants and controls was significantly smaller than in 2007. 
In 2020, egg leaves were significantly smaller relative to 
longest leaves than in 2006 and 2016. These differences 
are difficult to explain, but may reflect changes in Primula 
growth form between years, related to differing temperature 
and rainfall, effecting the variability of leaf lengths within 
and between plants. The variability of egg laying choice in 
relation to these factors between years provides further sup-
port for our finding that leaf length is not as important a 
feature for oviposition selection as other factors, and perhaps 
explains why this variable alone varies between years.

Measures of surrounding vegetation height were con-
sistent across years, with no significant difference between 
foodplants and controls. This provides support for our find-
ing that this feature is not important for Duke of Burgundy 
oviposition choice, at least at the one metre scale of this 
study. Distance to scrub appears to be more important as, 
even when measured at a one metre scale, foodplants were 
significantly closer to scrub than controls and results were 
consistent across years. To investigate this further, temper-
ature, humidity and vegetation height could be compared 
between foodplants and unpaired control plant locations, 
to assess whether ovipositional preferences in relation to 
microclimate can be detected at larger scales.

Current management at Totternhoe Quarry and its 
effect on Duke of Burgundy

We detected an increase in Primula plant abundance in 
managed areas compared to controls, suggesting that scrub 
cutting successfully increases the number of plants avail-
able to Duke of Burgundy for oviposition on the reserve. 
Turner et al. (2009) similarly found that more disturbed loca-
tions on this site, including steep cliffs, had higher Primula 
abundance. This is probably due to cowslips (Primula veris) 
relying on open ground to germinate successfully and avoid 
being outcompeted by other plants (Brys et al. 2004). This 
finding supports the use of regular scrub clearance as an 
important management tool for supporting high densities of 
potential foodplants. Cleared areas also had generally higher 
densities of Primula around focal plants compared to control 

Fig. 3   Mean minimum daily temperature, mean temperature and 
mean maximum daily temperature in A, B, C 2009 and D, E, F 
2016; variance in temperature in (G) 2009 and (H) 2016; variance 
in humidity in 2009 (I) and mean minimum daily relative humidity 
(J) and mean relative humidity in 2009 (K) of foodplants and paired, 
control plants on Totternhoe Quarry Reserve. Mean maximum daily 
humidity was not plotted as all plants recorded a value of 100%. 
Measurements were taken over the course of two days in 2009 and 
over the course of one month in 2016. Box and whisker plots show 
median values, with boxes representing the interquartile range and 
whiskers extending to the largest value no more than 1.5 × the inter-
quartile range. For ease of readability, outlying data points beyond 
this range are not displayed. *p < 0.05, NS = no significant difference

◂
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locations, potentially providing a greater food source for lar-
vae, although this difference was not significant. However, 
cleared areas did not differ significantly from control areas 
in the size of the plants present, and tended to have smaller 
Primula plants than control sites. When comparing Primula 
plants in cleared areas to chosen larval damaged foodplants 
in 2016, we found no significant difference in the density 
of surrounding Primula, although plants were significantly 
smaller in cleared areas. Therefore, although scrub clearance 
does promote a higher density of Primula plants, it does not 
produce plants in optimal condition for Duke of Burgundy 
oviposition, as has been suggested by other studies (Turner 
et al. 2009; Goodenough and Sharp 2016).

Within a given cleared area, there was also a large amount 
of variation in the number and density of Primula plants. 
The largest difference we found between one metre plots 
in the same management area was 17 plants, with the plots 
containing zero and 17 Primula plants respectively. This 
patchy distribution is probably linked to the distribution of 
long-lived Primula seed banks, which can quickly re-emerge 
when overshadowing vegetation is removed, and may reflect 
the distribution of Primula plants before they were over-
grown (Endels et al. 2005).

Implications for management

Optimal conditions for Duke of Burgundy oviposition con-
sist of large Primula plants in dense patches, which are 
associated with nearby scrub or other shelter. This study 
has shown that these preferences are remarkably consist-
ent across years, despite inter-annual variation in rainfall, 
temperature, and number and emergence date of adults. 

This again highlights the importance of specific manage-
ment to produce foodplants in the appropriate condition for 
this selective butterfly and indicates that requirements are 
unlikely to alter as regional climates change.

Our results support the findings of previous studies 
and suggest that management for the Duke of Burgundy 
needs to strike a careful balance between scrub clearance 
and regrowth (Sparks et al. 1994; Bourn and Warren 1998; 
Oates 2000; Fartmann 2006; Anthes et al. 2008; Turner et al. 
2009; Hayes et al. 2018). Some form of periodic clearance 
is needed to maintain short vegetation and a high abundance 
of Primula plants, but enough time needs to elapse between 
management to allow plants to reach optimal condition for 
oviposition (Goodenough and Sharp 2016). 90% of the areas 
managed for the Duke of Burgundy analysed in this study 
had been cleared within the last 18 months and were still 
very exposed, perhaps explaining why plants were gener-
ally still small in these locations. As others have suggested, 
a long-term rotation, clearing blocks of scrub on grassland 
sites every 2–4 years, could offer a solution (Warren and 
Thomas 1992); allowing moderately sized, sheltered Prim-
ula plants to grow up before being swamped by surround-
ing vegetation (Sparks et al. 1994; Goodenough and Sharp 
2016). However, the correct time frame for management 
needs to be coupled with the correct scale of scrub clearance 
and, even then, the benefits in terms of plant recolonization 
are likely to be variable. Targeting clearance to the edges 
of dense scrub blocks, where existing large Primula plants 
are yet to be shaded out, may restore areas known to contain 
Primula seed banks, whilst reducing wasted management 
effort (Endels et al. 2005). This approach should also reduce 
the number of Primula plants exposed in the centre of large 

Table 4   Cross year comparison of differences between foodplants selected for oviposition and undamaged control plants at Totternhoe Quarry 
Reserve

Measures relating to physical features of Primula plants and their surrounding habitat were collected in 2006, 2007, 2016 and 2020, apart from 
distance to scrub and length of egg leaf, which were not collected for 2006 and 2007 respectively. Microclimatic data was collected in 2009 and 
2016. All control plants were paired and lie within one metre of a foodplant
*p < 0.05, **p < 0.01

Physical feature of Primula plant or surrounding habitat n Test statistic p

Plant size 197 X2 = 0.0566 (df = 3) 0.977
Density of surrounding Primula plants 197 X2 = 1.94 (df = 3) 0.585
Length of longest leaf 197 X2 = 11.4 (df = 3) 0.010*
Surrounding vegetation height 197 X2 = 0.0526 (df = 3) 0.997
Distance to scrub 146 X2 = 1.55 (df = 2) 0.461
Length of egg leaf vs longest leaf 171 X2 = 10.6 (df = 2) 0.007**

Feature of microclimate n Test statistic p

Minimum daily temperature 29 W = 98 0.780
Maximum daily temperature 29 W = 120 0.533
Mean temperature 29 W = 127.5 0.337
Temperature variance 29 W = 106 0.983
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cleared areas and at risk of dessication (Sparks et al. 1994; 
Goodenough and Sharp 2016). The timing and intensity 
of clearance will need to be refined, following more work 
analysing its joint effects on Primula plant abundance, size 
and condition (Goodenough and Sharp 2016), and how long 
it takes the Duke of Burgundy to colonise and lay eggs in 
newly managed areas (Sparks et al. 1994).

Continued monitoring to assess whether Duke of Bur-
gundy move in and use cleared areas will be essential to 
the success of any management programme. Where pos-
sible, combining scrub clearance with moderate inten-
sity autumn cattle grazing may help to better maintain a 

continuity of transitional habitat required to support the 
Duke of Burgundy (Sparks et al. 1994; Bourn and War-
ren 1998; Fartmann 2006; Goodenough and Sharp 2016). 
Maintaining an early successional stage with this form of 
management should also support other species of butterfly 
that are of conservation concern and help propagate their 
foodplants (Krämer et al. 2012). Furthermore, benefits 
should extend beyond butterflies to a wide range of taxa. 
Breaking up areas of homogenous scrub and expanding 
warm fringe habitat has been shown to enhance the conser-
vation value of calcareous grasslands by increasing habi-
tat quality and heterogeneity, supporting numerous target 

Fig. 4   Comparison of differences in A plant size, B density of sur-
rounding Primula plants, C longest leaf length, D surrounding veg-
etation height and E distance to scrub between foodplants and con-
trols, located at Totternhoe Quarry Reserve in 2006, 2007, 2016 
and 2020. All control plants were paired and lie within one metre 
of a foodplant. F Comparison of ‘egg leaf’ length to ‘longest leaf’ 
length for individual foodplants. Data for distance to scrub and length 
of egg leaves were not collected for 2006 and 2007 respectively. For 

A–E, data falling above the zero line shows that values were greater 
for foodplants selected for oviposition relative to their controls. For 
F, data falling above the zero line shows that values were greater for 
longest leaves than egg leaves. Box and whisker plots show median 
values, with boxes representing the interquartile range and whisk-
ers extending to the largest value no more than 1.5 × the interquartile 
range. For ease of readability, outlying data points beyond this range 
are not displayed. **p < 0.01, NS = no significant difference
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Fig. 5   Comparison of differences between larval damaged foodplants 
and controls, in A minimum daily temperature, B maximum daily 
temperature, C mean temperature and D temperature variance across 
2009 and 2016. Measurements were taken over the course of two 
days in 2009 and one month in 2016. Data falling above the zero line 
shows that values were greater for foodplants selected for oviposition 

relative to their controls and vice versa. Box and whisker plots show 
median values, with boxes representing the interquartile range and 
whiskers extending to the largest value no more than 1.5 × the inter-
quartile range. For ease of readability, outlying data points beyond 
this range are not displayed. NS = no significant difference
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species (Poniatowski et al. 2020). Implementing manage-
ment at a landscape-scale and linking up small isolated 
sites like Totternhoe Quarry would allow successional 
habitat to be supported across a larger region, and reduce 
the need to maintain ‘permanent’ transitional habitats on 
individual reserves (Hayes et al. 2019).

Conclusion

As with previous studies, we found evidence that the 
Duke of Burgundy has very specific habitat requirements 
and that eggs are only laid on a small subset of available 
plants. Despite interannual variability in temperature and 

Table 5   Comparison of Primula plants in scrub-cleared areas managed for the Duke of Burgundy and adjacent uncleared control areas (based on 
averages from three sample locations in each plot) at Totternhoe Quarry Reserve in 2017

If sample locations and their controls did not contain at least one plant each, they were not used in analyses that examined focal plants in more 
depth
**p < 0.01

Feature of Primula plant or surrounding habitat Managed area Control area n Test statistic p

Number of Primula plants in area (± SE) 3.0 (± 0.6) 0.4 (± 0.1) 10 pairs V = 55 0.006**
Number of Primula within 30 cm of focal plants (± SE) 2.6 (± 0.5) 1.0 (± 0.5) 6 pairs V = 19 0.093
Size of focal Primula plants cm2 (± SE) 111.0 (± 23.0) 151.2 (± 38.1) 6 pairs V = 5 0.313

Fig. 6   Comparison of the A number of Primula plants, B number 
of other Primula within 30 cm of focal plants and C size of Primula 
plants (based on averages from the three sample locations in each 
plot) in scrub-cleared areas and adjacent uncleared control areas at 
Totternhoe Quarry Reserve in 2017. If sample areas and their con-
trols did not contain at least one plant each, they were excluded from 

B and C. Box and whisker plots are displayed showing median val-
ues, with boxes representing the interquartile range and whiskers 
extending to the largest value no more than 1.5 × the interquartile 
range. For ease of readability, outlying data points beyond this range 
are not displayed. **p < 0.01, NS = no significant difference

Table 6   Comparison of Duke of Burgundy larval damaged foodplants found across Totternhoe Quarry Reserve in 2016 and undamaged control 
plants from scrub-cleared areas managed for the Duke of Burgundy, surveyed in 2017

**p < 0.01

Feature of Primula plant or sur-
rounding habitat

Foodplant Managed area control 
plant

n Test statistic p

Number of other Primula within 
30 cm (± SE)

3.1 (± 0.3) 3.0 (± 0.6) 127 W = 1535 0.142

Plant size cm2 (± SE) 158.8 (± 19.2) 111.0 (± 23.0) 134 W = 1485 0.005**
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rainfall, ovipositional preferences were found to be con-
sistent over a 14-year timeframe. Current management 
consisting of manual scrub clearance maintains some but 
not all of these preferences and more work is needed to 
identify management options that can continue to maintain 
suitable habitat conditions for the Duke of Burgundy on 
transitional sites such as Totternhoe Quarry.

Beyond butterflies, identifying consistencies in prefer-
ences across years will be important for a wide range of spe-
cies and more multiyear studies are needed to help inform 
long term management plans. Whether preferences are 
extremely consistent, as for the Duke of Burgundy, or more 
variable from year to year, maintaining suitable conditions 
will be made more feasible by increasing heterogeneity on 
reserves. As climates continue to change, management plans 
that promote habitat and topographic variability are set to 
become increasingly important.
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Fig. 7   Comparison of A the number of Primula within 30  cm of 
larval damaged foodplants and B focal plant size in 2016, with 
undamaged Primula plants found in scrub-cleared areas managed at 
Totternhoe Quarry Reserve in 2017. Box and whisker plots are dis-
played showing median values, with boxes representing the interquar-

tile range and whiskers extending to the largest value no more than 
1.5 × the interquartile range. For ease of readability, outlying data 
points beyond this range are not displayed. **p < 0.01, NS = no sig-
nificant difference
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otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
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