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Climate signals are reflected in an 89 year series of British Lepidoptera records
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Abstract. Historical data sources on abundance of organisms are valuable for determining responses of those organisms to climate
change and coincidence of changes amongst different organisms. We investigate data on the general abundance of Lepidoptera over
an 89 year period 1864—-1952. We related abundance to monthly mean temperature and precipitation and the winter North Atlantic
Oscillation (NAO) index, and to numbers of migrants from an independent source. Abundances of Lepidoptera were significantly
positively correlated with current year temperatures for May to September and November and significantly negatively correlated
with temperatures in January. Numbers were also negatively correlated with rainfall for April and May and annual total of the cur-
rent year and with August in the previous year. Abundance of Lepidoptera decreased significantly with an increasing winter NAO
index. Increased overall abundance in Lepidoptera coincided significantly with increased numbers of migrants. The climate associa-
tions were very similar to those previously reported for butterfly data collected by the British Butterfly Monitoring Scheme;
although warm and drier summers were generally beneficial to Lepidoptera populations, wet summers and winters and mild winters
were not. We discuss the implications for Lepidoptera biology and populations in regions of Britain in the face of projected climate

changes.

INTRODUCTION

Historical data sources on the abundance of organisms
are potentially valuable for determining the relationship
between biological responses and climate changes
(Sparks et al., 2005, 2006), though are rare, even for
recent decades (Dell et al., 2005). Expectations of such
datasets are twofold. Firstly, despite the independent
effects of other factors (predators, parasites, disease) on
abundances the data should provide clear signals of cli-
mate influences, particularly as weather and climate
agents also operate on more direct factors such as num-
bers of enemies (Dennis, 1993). There may be well recog-
nised delays in any population response to climate
changes and fluctuations but these should still be evident
(Pollard, 1988). Secondly, although responses to climate
by different organisms will vary in relation to their habi-
tats (resource use), habits and life histories, there should
be significant correlations among different data sets of the
same taxon for the same periods in the same region, for
instance between resident and migrant Lepidoptera spe-
cies subject to the same broad climatic influences. Evi-
dence for significant associations between historical data
sets of animal abundances and climate agents and among
abundance datasets for different groups of organisms over
long time periods provides an important context for
understanding the impact of projected climatic changes
(Leather et al., 1994; Hill et al., 2002).

Clear expectations between abundances of Lepidoptera
and weather and climate have emerged from relationships
established for monitored populations over relatively

short time periods using quantitative synoptic survey, par-
ticularly the British Butterfly Monitoring Scheme (BMS,
Pollard & Yates, 1993). Pollard (1988) investigated
changes in BMS abundances for 31 butterfly species for
the period 1976 to 1986 and found the most striking asso-
ciations to be between (i) increased numbers and warm
dry summers and (ii) wet conditions early in the previous
year and increased numbers in the current year. However,
winter temperature and rainfall showed no strong associa-
tions with numbers of butterflies. These data were rein-
vestigated for the period 1976 to 1997 by Roy et al.
(2001). They found strong associations between weather
and population fluctuations and trends in 28 of 31 species
which confirmed Pollard’s (1988) findings.

What has not been investigated until now is the associa-
tion between the overall abundance of Lepidoptera and
climate for a longer historical period. Here, we investi-
gate data for the general abundance of all Lepidoptera in
Britain for an 89 year period straddling the last two centu-
ries (1864 to 1952) (Beirne, 1955). In the process of
studying the origins and history of British Lepidoptera,
Beirne examined several thousand papers in entomo-
logical journals describing annual abundances of moths
and butterflies. These fluctuations in overall abundance of
Lepidoptera he summarised using brief verbal descrip-
tions. This is unlike historical data previously examined;
data from the county of Wiltshire, UK explored by Sparks
et al. (2006) where many resident species (n = 155) were
considered for a relatively short period of years (n = 19)
in the 19" century, or the long set of annual data for 29
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TaBLE 1. Coding applied to B.P. Beirne’s (1955) descriptions
applied to Lepidoptera abundances.

Descriptions' Coding
Very good year 4
Good year 3
Good year but with negative features 2
Above average year 1
Average year 0
Below average year -1
Bad year but with positive features -2
Bad year -3
Very bad year (not applied) -4

'Descriptions are statements taken verbatim from Beirne
(1955). Codes 2 and -2 are years described as good and bad
respectively but qualified to be somewhat worse or better than
good or bad.

non resident, long-distance, migrant species to the UK
from 1850 to 1962 (Williams, 1965).

Two hypotheses are investigated. Firstly, that overall
abundance of, predominantly resident, Lepidoptera will
correlate with overall abundance for migrants into the
British Isles. Climate triggers differ in location, migration
being generated by conditions at the continental places of
origin (i.e., France, Spain) and numbers of residents by
conditions in Britain. Nevertheless conditions are
expected to coincide to some extent among neighbouring
regions; bad years for residents are unlikely to generate
good conditions for migrants whereas good years for resi-
dents are likely to be associated with conditions condu-
cive to immigration and establishment of temporary
populations of migrants. The overall abundance data from
Beirne are compared directly with numbers of Lepidop-
tera migrants into Britain observed for the equivalent
period (Williams, 1965). Secondly, abundances described
by Beirne are influenced by monthly and annual mean
temperature and precipitation for the relevant current and
previous year, and with the North Atlantic Oscillation
(NAO) winter index (the latter a surrogate for rainfall and
cloud). From findings generated by the British BMS, it is
expected that abundances will increase with temperatures
and decrease with the strength of the NAO.

MATERIAL AND METHODS

Descriptions of overall UK Lepidoptera abundance (butter-
flies and moths) from 1864 to 1952 (Beirne, 1955: 25-26) have
been converted to a 9 point scale (—4 very bad, through 0 aver-
age, to +4 very good; Table 1). Log transformed numbers of 29
migrant butterfly and moth species into the British Isles for the
same period have been extracted from Williams (1965) and
averaged across species. It is not known to what extent the data
sources of these two authors overlapped, but we believe, given
the dominance of resident species among British Lepidoptera,
that the overlap is small.

The temperature data used here are the monthly means from
the Central England Temperature (CET) series (Parker et al.,
1992), regularly updated by the Hadley Centre and available on
the UK Met Office website (www.met-office.gov.uk/research/
hadleycentre/obsdata/cet.html). Monthly rainfall data used are
the England and Wales Precipitation (EWP) series (Wigley et
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TaBLE 2. Correlations (above) and randomisation p values
(below) comparing the Beirne abundance data to mean monthly
and annual Central England Temperatures (CET) and England
and Wales Precipitation (EWP) of the current and previous
year. Figures in bold are significant at p < 0.05.

Correlations with CET Correlation with EWP

current previous current previous
Jan -0.276 —0.018 —0.123 —0.081
0.012 0.874 0.224 0.469
Feb —0.174 —0.007 —-0.034 -0.131
0.104 0.948 0.756 0.235
Mar —0.118 —0.045 0.069 —0.077
0.282 0.664 0.511 0.473
Apr —0.064 0.020 —0.264 0.003
0.560 0.845 0.012 0.983
May 0.276 —0.048 -0.273 -0.012
0.006 0.658 0.010 0.915
Jun 0.277 —-0.037 -0.173 —-0.020
0.007 0.739 0.102 0.865
Jul 0.303 0.042 —0.174 —0.086
0.007 0.724 0.114 0.429
Aug 0.224 0.202 —0.104 -0.225
0.038 0.055 0.350 0.033
Sep 0.233 0.191 —0.124 —0.097
0.024 0.054 0.256 0.355
Oct —0.103 —0.104 -0.005 0.050
0.329 0.345 0.967 0.661
Nov 0.233 0.163 —-0.025 0.148
0.029 0.133 0.832 0.173
Dec 0.083 -0.078 0.074 0.032
0.452 0.457 0.507 0.760
Annual 0.106 0.039 —-0.283 —0.134
0.319 0.704 0.008 0.215

al., 1984), also updated by the Hadley Centre and available on
the UK Met Office website (www.met-office.gov.uk/research/
hadleycentre/obsdata/HadEWP.html). NAO monthly values,
normalised pressure differences across the North Atlantic (Hur-
rell, 1995), were obtained from the Climatic Research Unit web-
site (www.cru.uea.ac.uk). A winter NAO index was calculated
as the mean of the months from December to March when high
index values result in enhanced westerly air flows (mild, damp
conditions).

Associations between the overall abundance data with
migrant data and with climatic data have been assessed using
Pearson correlations but, because of some concerns about the
distribution of the Beirne data, significance was estimated using
resampling methods based on 1000 randomisations (Manly,
1991). In practice this made very little difference to the signifi-
cance levels compared to the parametric method. Readers
should be aware that, with a large number of correlations as
here, some significant correlations may arise by chance. Mul-
tiple relationships were examined using stepwise multiple linear
regression (forwards entry) following which normality of the
residuals was assessed. The significance threshold is taken as p
=0.05.
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Fig. 1. The relationship between the Beirne abundance scale
for British Lepidoptera and mean May—September Central Eng-
land Temperature (°C).

RESULTS

Relationship of abundances for all Lepidoptera and
migrants

The overall abundance of British Lepidoptera for the
period 1864 to 1952 correlates significantly with the
number of migrants for the same period (r = 0.379,
resampling p = 0.001).

Relationship of abundance of Lepidoptera with CET,
EWP and NAO

Abundance of British Lepidoptera were significantly
positively correlated with Central England temperatures
in the current year for each month from May to Sep-
tember and November and significantly negatively corre-
lated with January (Table 2). Numbers were significantly
negatively correlated with monthly rainfall in April and
May (and with the annual mean) of the current year and
August of the previous year (Table 2). Abundance of
Lepidoptera decreased significantly with the strength of
the winter NAO index (r =-0.391, resampling p = 0.001).

A regression model incorporating mean May—Sep-
tember temperature (Fig. 1) and winter NAO index (Fig.
2) was highly significant (Fas = 18.92, R* = 30.6%, p <
0.001). Forwards selection of monthly CET and EWP
added two additional variables; November temperature
and May rainfall (Fss = 13.07, R? = 38.4%, p < 0.001).
Residuals from this model passed an Anderson-Darling
Normality test (p = 0.866). In this final model, coeffi-
cients for mean May—September temperature (p < 0.001)
and for November temperature (p = 0.016) were both
positive whilst those for winter NAO index (p = 0.001)
and May rainfall (p = 0.019) were both negative.

DISCUSSION

Fluctuations in Beirne’s Lepidoptera abundance
descriptions matched expectations. Firstly, increased
overall abundance in Lepidoptera coincided significantly
with increased numbers of migrants and vice versa. Sec-
ondly, associations with temperature and rainfall were
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Fig. 2. The relationship between the Beirne abundance scale
for British Lepidoptera and the winter (December—March) NAO
index.

very similar to those for the British BMS (Pollard, 1988;
Roy et al.,, 2001); higher summer temperatures were
linked to higher numbers of Lepidoptera, and increased
numbers of depressions (reflected in the strength of the
NAO, rainfall and cloud), and higher winter temperatures
to lower numbers of Lepidoptera. Considering the nature
of the data these relationships are unexpectedly strong.
The data measure fluctuations in Lepidoptera as a whole
and not individual species. Ecological differences will
reduce correlations between Lepidoptera having different
habits (e.g. insulation of pupation sites) and between
migrant and resident Lepidoptera. Countering this, more
or less simultaneous fluctuations in densities of popula-
tions of a large number of Lepidoptera species are well
recognised by Lepidopterists who regularly coin good
years when Lepidoptera are exceptionally common and
bad ones when they are abnormally scarce. Captures vary
over orders of magnitude reflecting the capacity of Lepi-
doptera populations to increase rapidly. Even so, the rela-
tionships are also bound to be affected by our inability to
determine the impact of short term events (e.g. late frosts
and short term droughts) or to assess adequately the
impact of other variables (e.g. abundances in predators
and parasites) (Maelzer, 1970). Substantial historical data
discussed by Beirne (1955) affirm the ability of enemies
to eradicate Lepidoptera populations (e.g. the great “wasp
year” of 1935 and consequences for larval broods of
Aglais urticae (small tortoiseshell) and Inachis io (pea-
cock); the massive decline of Nymphalis polychloros
(large tortoiseshell) after the severe parasitism of larval
broods in 1911). The capacity of insectivorous birds to
consume vast numbers of Lepidoptera larvae is well
established (e.g. 8,000 larvae by a pair of Parus major
(great tit); Witherby et al., 1938; see Kristin & Patocka,
1997; Mukarami & Nakanu, 2000).

Beirne’s subjective appraisal of his data is confirmed
with one exception. He correctly regarded that much of
the variation would relate to summer temperatures and
precipitation. He also expected that warmer winter tem-
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peratures would be deleterious to Lepidoptera popu-
lations, but he was unable to confirm this signal in Lepi-
doptera abundances though he felt there was an indication
that average winters were better for Lepidoptera than
warmer or colder ones. The current findings would sug-
gest that warmer conditions in January are deleterious to
Lepidoptera population abundances, confirming a long
held view in amateur entomology (Beirne, 1955). How-
ever, it has been appreciated for an equally long period of
time that the impact of winter temperatures depends on
species’ habits; those underground, in roots or stems
would be less affected (Barrett, 1882; see Sparks et al.,
2006).

Together, these findings have important implications
for projected climate change scenarios (Hill et al., 2002).
The link between climate agents and Lepidoptera abun-
dances is supported by independent research and makes
good sense (Warren et al., 2001). Higher summer tem-
peratures are expected to benefit Lepidoptera populations
in a number of ways, increasing flight, thus mating suc-
cess and egg laying (Warren et al., 1986; Porter; 1992),
leading to increased development rates, more broods and
therefore larger numbers through a multiplier effect (Den-
nis, 1985, 1993; Burke et al., 2005). Increasing develop-
ment rates reduces mortality rates through shorter expo-
sure time in vulnerable stages with predators and para-
sites (Pollard, 1979; Leather et al., 1994). Higher winter
temperatures are expected to have adverse effects on
Lepidoptera, causing disruption to diapause when
resources (e.g. host plants in suitable condition) may not
be available, promoting disease and more active
predation. This was not consistently detected for species
(e.g. Pieris brassicae (large white) in the shorter studies
of Pollard (1988) or Roy et al. (2001). Rainfall is essen-
tial for plant growth and the condition of host plants.
However, persistent rainfall and cloud, and heavy rainfall,
can be deleterious to Lepidoptera populations. It can
depress flight, and therefore activities such as mating and
egg laying, cause water logging of host plants and
drowning of larvae, trigger disease and infections
(Dennis, 1993). Beirne (1955) provides clear instances of
the adverse impact of rain on Lepidoptera populations
[e.g. Tortrix viridana (green oak roller) and Agrotis
segetum (turnip moth)].

These findings generate some expectations with
enhanced greenhouse warming in higher latitudes but pre-
dictions are not simple (Hulme & Brown, 1998; Dale,
2005) and may well be countered by loss of habitat
(Warren et al., 2001; Hill et al., 2002). Projected sce-
narios indicate higher temperatures (up to 4°C) during the
twenty-first century, both warmer winter and hotter
summer conditions throughout Britain, but drier condi-
tions in the south and wetter conditions in the north (War-
rick & Barrow, 1991; IPCC, 2001; Naden & Watts,
2001). In the south of Britain this suggests that Lepidop-
tera populations may increase, depending on the negative
impact of higher winter temperatures. In the north of
Britain the outcome will depend more on the balance
between higher temperatures (evaporation) and increased
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precipitation though it is interesting that 12 butterfly spe-
cies found to have a positive association between popula-
tion size and warm summers have experienced major
northward expansions in Europe coinciding with warm
summers in the late 1990s (Roy et al, 2001) and
increases in Lepidoptera populations have occurred else-
where at altitude in central Europe (Konvicka et al.,
2004). These indications do not account for the impact of
extreme events such as late frosts or droughts which are
harmful to populations, the latter indirectly through desic-
cation of host plants (Pollard, 1988) but again Lepidop-
tera with populations in northern Britain and at higher
altitude may benefit (Hickling et al., 2006). Such projec-
tions need also consider indirect effects such as the build
up of populations of enemies.

One possible outcome of climatic warming is the
increase and persistence (colonisation) of migrant species
in Britain (Sparks et al., 2005, 2007). An important obser-
vation is that conditions propitious for resident Lepidop-
tera are generally good for migrants; a warmer climate
abroad coinciding with warmer conditions in Britain
should permit larger numbers of migrant Lepidoptera to
enter Britain, and when here to have greater success in
establishing larger populations over summer that will then
have greater success in persisting owing also to warmer
overwintering conditions. But this is by no means a cer-
tain outcome. Although there are indications that resident
species can adopt a wider range of biotopes in warmer
conditions (Davies et al., 2005) three quarters of 46
British butterflies have apparently declined in the last 30
years; negative responses to habitat change have out-
weighed positive responses to summer climatic warming
(Warren et al., 2001).

The Beirne data clearly demonstrate that there is value
in extracting and analysing historical data from the large
number of publications across Europe on Lepidoptera
species abundances. The only detractor, but an important
one, is that abundance has been scored for Lepidoptera as
a whole rather than for individual species, which other-
wise would have facilitated more detailed analysis and an
assessment of changes for distinct components of the
Lepidoptera fauna. Nevertheless, it is clear from the text
of Beirne’s paper that the data extracted by him relate to
changes in many species and are not restricted to a few
dominant species. They provide further evidence that
future climatic changes have consequences for population
status and regional species’ turnover.
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