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Abstract. When examining the ecological effects of climaterge those databases which contain
monitoring results of long-term time series havkes role. We used the daily Lepidoptera data of the
Hungarian Plant Protection and Forestry Light Thgtwork between 1962 and 2006 to analyse the
influence of the change of temperature on the eipcdd dynamics of Lepidoptera. Using the quantile
regression analyses weoncluded that in the examined period, for theltotamber of individuals,
seasonal phenomena shifted forward, however the ddty higher diversity occurred over shorter
period. The analysis of the heat sums shows tleasphing warming started earlier, although, atsidume
time the low quantiles of the captured Lepidoptraurred at lower and lower heat sums over thesyear
while the heat sums at which the high quantilethefnumber of Lepidoptera occurred showed a steady
increase, meaning that the active period of theidagera community has expanded. A strong
correlation was observed between diversity and &zatpre.
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Introduction

Since the last decades the effects of climate aghangthe dynamical behaviour and
the size of Lepidoptera populations have becomeenamd more obvious. Seasonal
community dynamics (ecological processes) are0btihe meteorological parameters,
primarily influenced by temperature.

Our objective was to examine the effects of tenpeeachange on community
dynamics. We chose the light-attracted speciesnasgeof Lepidoptera, which is an
adequate indicator of the above ecological phenanfidnfnagel et al., 2008).

The data was collected from the database of thegatian Plant Protection and
Forestry Light Trap Network. The description of tth@tabase is presented by Gimesi
and Hufnagel (2010). This choice had been motivatethe national coverage of the
light trap network, the large number of capturegbitleptera individuals, and also by
the availability of a long-term data series (betw&862 and 2006).

Various methods exist that demonstrate changescomanunity: different diversity
indices, gradations, species abundance modelstilgusegression. We chose quantile

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 10(3):43-363.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2012, ALOKI Kit., Budapest, Hungary



Gimesi et al.: The effect of climate change onghenology of moth abundance and diversity
- 350 -

regression for our study, which is ideal for examgn population dynamics and
demonstrating changes (Cade et al., 2005; Helmual.e®2007). Linear regression
demonstrates the ratio of occuring changes in plsinvay (Chamaillé-Jammes et al.,
2007). With the help of this method we observed biwgh heat sum and the appearance
of species shifted earlier and earlier over thesiea

Many authors agree on the seasonal dependencenofiwaity dynamics, regardless
of the climate (temperate or tropical) of the awdeere the research was carried out.
Szabo et al. (2007) used the number of speciestendumber of individuals for the
demonstration of seasonal changes, while Fishat. §6.943) used a diversity index.
Species abundance models are also suitable faxx#mination of seasonal dynamics.
With the help of the above methods different pesiodn be well separated.

We used the traditional two-dimensional time sefigares for the presentation of
seasonal changes, in which the seasonal dependémmpulation dynamics can be
seen clearly.

Review of literature

The most common method of collecting night-flyingsects is light trapping. This
method has been applied since Williams’ experiméb®35). In Hungary light traps
have been used since 1940; in 1952 the constructioa worldwide unique trap
network began (Jermy, 1961; Nowinszky, 2003a). Vpdhe Hungarian light trap
network is equipped uniformly with Jermy-type lighdps.

In order to discover the occurring changes and ttegidencies in a data series, a
long time series (daily data series) is neededy wiieéat geographical coverage, and data
collection needs to be done with the same methaagahe way, in every location. The
data series of the Hungarian Plant Protection ayreédtry Light Trap Network meets
these requirements (Hufnagel et al., 2008).

For the investigation of population dynamics thbgkt traps are best suited which
have been operating for the longest time withodermption, in the same place
(Nowinszky, 2003b). Also because of the effectslitierent abiotic factors, the largest
possible number of light trap data coming frometéint locations should be used. This
ensures that the effects occurring at differentwamy sites, and modifying the number
of captures, compensate each other (Nowinszky, (D008 large quantity of data,
coming from various sources, can be processed deth mining methods. In our case
the detailed description of the database has be@ewed by Gimesi and Hufnagel
(2010).

The number of Lepidoptera captured significantlypeteds on several biotic and
abiotic environmental factors. Naturally, the diéfet environmental effects do not
appear independently from each other, but mostipteraction (Nowinsky, 2003b). A
major part of the literature (Nowinszky, 1977; RBers 1976; Racz and Bernath, 1993;
Williams, 1962) primarily studies the elements @ather and their combined effects.

In Hungary the correlations between the numbemapfured individuals and weather
elements have been investigated since the ends@s1®owinsky et al. (2003) came to
the conclusion, based on the works of several asiththat temperature had a
fundamental role in flying activity, which derivésom the physiological features of
Lepidoptera. This assumption is supported by Kaadr Erdélyi (1991), as well as by
Schmera (2002), among others.
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Nowadays several diversity indices are used fordha@acterization of diversity.
Among these Shannon-entropy is used the most fntigu@luhasz-Nagy, 1993). A
major part of the literature (e.g. Acara et al.p20Arnan et al., 2009; Balog et al.,
2008; Chefaoui and Lobo, 2008; Kevan, 1999; SkalskidPcapiech, 2006; Suzuki et
al., 2002) applies primarily this index.

Besides species diversity investigations, spedmes@dance models have also been
worked out (Izsdk and Szeidl, 2009). They examihe thumber of individuals
(abundance) within different species that are pathe studied community (Magurran,
1988; Bartha et al., 2007).

Besides these two approaches, quantile regressialso used, which is an effective
tool for the demonstration of changes (Cade at2@05; Helmus, et al., 2007). Linear
regression demonstrates the ratio of occuring admng a simple way (Chamaillé-
Jammes et al., 2007). With the help of quantilereggjon such correlations can be
discovered, that cannot be with traditional stei@tmethods.

In case of quantile regression the changes of engbroportion of the measurement
data are demonstrated. Similar analyses were daoué by Austin (2007), Anderson
(2008) and Cade and Noon (2003), as well as KoeakdrHallock (2001). Kovacs et
al. (2009) used linear quantile regression fordéonstration of population dynamics.

Williams and Liebhold (2002) drew attention to faet that insects were affected by
even a relatively small climate change. William®4Q) investigated the long-range
effects of weather on population changes, anchitsstgange effects on the activity.

With the increase of temperature due to climatengbathe living areas of species
get shifted north (Virtanen and Neuvonen, 1999)ntental species are shifted
towards the poles by an average of 6.1 kilometeesyelO years, or every 6 meters
higher in the mountains (Parmesan dinthe, 2003).

Environmental effects do not only influence theegiwear, but also affect the future
development of populations, as it is referred toHwfnagel et al. (2008). Therefore,
besides seasonal change, numerous publicationsvitbdbng-term tendencies and the
effects of climate change. According to Tobin et(2D08) the number of pest insects
increases with the rise of temperature, which cawmehsignificant ecological and
economic consequences.

Wolda et al. (1998) described the yearly seasonahges of Lepidoptera captured
with light traps at different geographical locasomand studied the connection between
these and different meteorological parameters. Tioemd that most species were
characterized by seasonality, even in tropical remwent, which showed similar
patterns in consecutive years. This phenomenaassalpported by Caldas (1992), who,
based on a l-year data series, explained seasepahdence with the change in
precipitation, although he has not investigateddterature.

In Japan, Kimura et al. (2008), examining Trichoptspecies, found seasonal
dependence as well as a significant correlatiowéat abundance and temperature in
spite of the fact that the abundance maximum ofinkects they observed occured in
September, while the temperature maximum were iguat

Schmera (2002) examined Trichoptera captured wght Itraps from May to
October. To present seasonal dependence he usespélaees gradation figure, the
Rényi-type diversity index and the right tail susnd found that no significant
difference could be seen in the data figures betwday and September, however
October was significantly different from the otmeonths.
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Researches by Szabd et al. (2007) on the faunageharMacroheterocera captured
over an 8-year period showed the seasonal depemddntie number of species and
individuals. According to it, a smaller peak waaaieed at the end of March and in the
beginning of September, while in late May and eddly there were higher ones. At the
end of June there was a decline.

In England, Fisher et al. (1943) studied a 4- yaae series of Macrolepidoptera
captured with light traps, from April to Octobendadepicted seasonal changes on a
graph indicating the number of species and ind&islas well as Fisher’s alpha value.

Material and method

In the course of our work the database of the HuagaPlant Protection and
Forestry Light Trap Network was used, whose firghtl traps were installed in 1961
(Szontagh, 1975). These traps are operating atl rpesd, except for those days when
the temperature does not rise above 0 °C, or whenatea is covered with snow
(Nowinszky, 2003a).

The collection data of the Hungarian Plant Protectand Forestry Light Trap
Network were analysed with data-mining methods.

Due to the effects of various abiotic factors iersed reasonable to work with the
maximum number of data, so that the effects oaegrat different capturing sites,
modifying the number of captures, could compensaiteh other (Nowinszky, 2003b).
To produce a national time series the trap datadait different locations needed to be
merged for each species. After the work of Moon Kird (2007) this process is called
data reduction.

To filter out extremes occurring in the databases ia order to reduce fluctuations
in the data series the moving average method wed. ¥ghen calculating the moving-
average we considered the 4-4 adjacent daily dateed, that is the average of 9 days
(9" grade moving average). Number 9 was chosen, bedaeguals to the number of
traps. After calculating the average, a 16425-tlatabase was created containing the
daily data series of 281 Lepidoptera species cagtbetween 1962 and 2006.

To create the insect data warehouse, for dataififeand for further data processing
a Visual Basic software was created. Using thisgraamming language Excel and
Access files could be managed directly.

As meteorological data source the “kutdiak” databéSerenczy, 2008) and the
“KKT” database (Szenteleki, 2007; Szenteleki et2007) were used. The second one,
in addition to meteorological data, contains theggaphical coordinates of Hungarian
cities. For the filtering and checking of the datsds, data published on the website of
the National Meteorological Service (2008) wereduse

In Hungary, the connections between captured iddals and the elements of
weather have been investigated since the late 19580ke literature it is a generally
accepted fact that flying activity, and so the nembf captures is primarily influenced
by temperature. Precipitation, wind and other emnental effects influence it only to
a small extent and only locally.

To study community changes, the method of lineantjle regression was used and
for our analyses the GRETL (GNU Regression, Economand Time-series Library)
(Cottrell andLucchetti, 2009) and Microsoft Excel programs wesed.
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One of the methods to investigate community changeke calculation of linear
quantile regression, where the changes of a giaga (10, 20, 30, 40, 50, 60, 70, 80,
90%) of the measurement data are characterizedibgaa quantile regression.

Examination of the number of captured individuals

The days of the year, on which the number of captundividuals reached 10,

20...90% of the annual sum were investigated.

Due to the fact that in the years 1972 and 19%3trey and filling the database were
uncertain, we studied the periods between 19622806 ¢ig. 1), and 1974 and 2006

(Fig. 2) separately.
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Figure 1. The linear quantile regressions of the number divilduals between 1962 and 2006

Table 1. Analyses of the regression lines

Quotient Coefficient Standard error
10% -0.349 0.245
20% -0.215 0.227
30% -0.268 0.190
40% -0.476 0.150
50% -0.557 0.208
60% -0.486 0.206
70% -0.544 0.229
80% -0.622 0.298
90% -0.594 0.296

The regression coefficient of all regression liaes negative, which shows that the
captures were getting earlier.
10% of the annual sum of the number of individwaés reached 15 days earlier in
2006 than in 1962, while 90% of it was reached agsdearlier. The ratios shifted 20

days earlier on average.
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Figure 2. The linear quantile regressions of the number divilduals between 1974 and 2006

Table 2. Analyses of the regression lines

Quotient Coefficient Standard error
10% -0.658 0.337
20% -0.691 0.227
30% -0.627 0.213
40% -0.580 0.206
50% -0.516 0.187
60% -0.391 0.186
70% -0.194 0.170
80% -0.223 0.310
90% -0.540 0.407

Negative steepness (coefficient) of the regresbims was observed here as well.
10% of the annual sum of the number of individuats reached 21 days earlier in
2006 than in 1974, while 90% of it was reached agscearlier. The ratios shifted 16
days earlier on average.

Investigation of the heat sum

The heat sum was investigated as a phenologicelatwt. The days of the year, on
which the heat sum reached 10, 20...90% of the arswmlof daily mean temperatures
(annual heat sum) were analysed.

As the minimum temperature in the examined periad wl2.6°C data needed to be
transformed, when calculating the heat sum, in § that 13°C was added to each
temperature value. This way we could avoid countmth negative values. The
guantile regression lines received after the cataut is shown ifFigure 3
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Figure 3. The linear quantile regressions of the heat surwbeh 1962 and 2006

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 10(3):43-363.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2012, ALOKI Kit., Budapest, Hungary



Gimesi et al.: The effect of climate change onghenology of moth abundance and diversity
-355-

Table 3. Analyses of the regression lines:

Quotient Coefficient Standard error
10% -0.059 0.068
20% -0.046 0.060
30% -0.031 0.045
40% -0.024 0.039
50% -0.013 0.033
60% 0.002 0.030
70% -0.014 0.033
80% -0.006 0.031
90% 0.009 0.039

At the lower percentages of heat sum a negativepetss was observed, meaning
that it started getting warm earlier. In case @f figher percentages the steepness is or
is around zero (sometimes positive, sometimes nejat The above different
tendencies of the regression lines indicate thatthrm period was extending while the
cold (winter) one was getting shorter.

10% of the annual heat sum was reached 2.5 dalysreéar2006 than in 1962, while
90% of it was reached on the same day.

Connection between heat sum and the number of rempiindividuals

That heat sum was investigated, at which the numbeaptured individuals reached
1, 2...10% of the total annual capturésy( 4), as well as 10, 20...90% of Fig. 5).

Heat sum

1974. 1978. 1982. 1986. 1990. 1994, 1998. 2002. 2006.
Years

Figure4. The 1, 2...10% linear quantile regressions of heat stnumber of captured
individuals between 1974 and 2006

10000
9000 +

8000 A

7000 - w/ A
E 6000 //
£ 5000 —
@ —— N/ 7 =7
£ 4000 =

3000 + N\
2000
1000

0 T T T T T T T

1974. 1978. 1982. 1986. 1990. 1994. 1998. 2002. 2006.
Years

Figure5. The 10, 20...90% linear quantile regressions of lseat — number of captured
individuals between 1974 and 2006
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Table 4. Analyses of the regression lines:

Quotient Coefficient Standard error Quotient Coefficient Standard error
1% 8.272 3.054 10% -18.875 9.538
2% 6.440 3.521 20% -20.878 7.588
3% 6.147 4.085 30% -18.993 7.477
4% 4.286 5.099 40% -16.287 7.180
5% -0.552 6.162 50% -13.623 6.653
6% -3.372 7.239 60% -8.013 6.686
7% -8.401 8.072 70% 0.497 6.143
8% -14.992 8.848 80% -0.993 8.934
9% -17.744 9.195 90% 2.193 10.329

In the analyses it is seen that for the appearaficeepidoptera, under the 4%
quantile greater and greater heat sum was neededloy years (see the 4 lowest lines
in Fig.4). However, for further captures less and less sat was required=(g.5).

I nvestigation of a diversity index
The days on which the Shannon-diversity index redchO, 20...90% of the
maximum value in the given year (between 1974 &ti6Pwere examined-{g. 6).
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Figure 6. The 10, 20...90% linear quantile regressions of tlkerdity index between 1974 and
2006

Table 5. Analyses of the regression lines

Quotient Coefficient Standard error
10% 1.068 0.481
20% 1.447 0.384
30% 0.884 0.421
40% 0.110 0.266
50% -0.233 0.361
60% -0.227 0.333
70% 0.090 0.137
80% 0.240 0.184
90% 0.594 0.605

Diversity index increased until the 50 and 60% dilesy where the steepness
became negative indicating a decrease in the diyarglex. After this an ascending
tendency can be seen again.
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Seasonal dependence

The averages of daily mean temperatures, divensitdices, the numbers of
individuals and species concerning the same datseofears within the period between
1974 and 2006 are shown in Figure 7. It presents tifferent values changed as a
function of the day of the year (for the sake ottdrevisualisation, values were
weighted to obtain similar scaling).
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Figure 7. The averages of temperatures, diversity indicesntimbers of individuals and
species concerning the same days of the yearawtiteiperiod between 1974 and 2006

Although temperature increased till the end of Eaby as it is shown ifrigure 7,
diversity index was low and relatively constantidgrthe winter period. After that (at
spring) it started increasing significantly andysth relatively constant during the
summer, apart from a decline in the middle of sumrA&er September the diversity
index started decreasing.

According toFig.7 there were two smaller peaks in the number olviddals in the
early spring and late autumn, besides the regulamser maximum. These two rises
were caused by species appearing only in thesedserifhe number of individuals
reached its maximum when the temperature had glieagun to decline.

The graph of the number of species begins to rigeemsignificantly towards the end of

spring. It reaches its maximum in the second Haluty, after a small increase, where it
begins to decline sharply. The maximums of the nremalb species and the temperature
approximately coincided.

Figure 8 shows the values of daily mean temperature of &8syas a function of the
days of the year, arfeigure 9shows diversity values in the same way.
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Figure 8. Daily mean temperatures in the years between 19842806

Shannon-index
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Days

Figure 9. Daily diversity indices in the years between 19id 2006

It can be seen that when the standard deviatideroperature is greater (at winter,
early spring and late fall), the standard deviatmithe diversity index is more
significant as well. The correlation between thése values is 0.6953Figure 10
shows the standard deviations of the temperatwtehthe diversity index.

It can be seen ifigure 9that there were days in January, February and rDieee
when the diversity index was zero, which means thate were no captures on those
days. This cannot be observed on the other dalyseofear.

Furthermore, it can also be seen that the valugivafrsity was smaller at a lower
temperature, and greater when the temperature igasrhalthough diversity only rised
with temperature until a certain point. At the begng of July even a decline was
observed.
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Temperature dev.
Shannon dev.
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Days ‘—Temperature deviation —— Shannon deviation‘

Figure 10. The standard deviations of temperature and divweisidex in the years between
1974 and 2006

Figure 11shows the connection between temperature andsitiyelt is obvious that
there is a significant (0.9815) correlation betwéem.
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Shannon-index

y=0,1811x + 0,6423, R* = 0,9633
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Figure 11. The change of diversity index as a function of exaipire calculated with the
averages of the years between 1974 and 2006

Examining the standard deviation of temperature theddiversity index orfrigure
12, it can be seen that as the standard deviatidangperature increased, the diversity
index decreased. These two values are negativelglated (-0.7949).
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Shannon-index
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Figure 12. Change of diversity index as a function of the dsad deviation of temperature
calculated with the averages of the years betw®&&d and 2006

Discussion

The database compiled by us from the data of theghiian Plant Protection and
Forestry Light Trap Network is suitable for apptioa in important research areas of
the national light trapping summarized by Szentdra(2002), for fauna,
zoogeographical, taxonomic, zoocoenological, etiiold, phenological, ecological,
etc. examinations (Nowinszky, 2003b).

In our present study the long-term seasonal chanfdbe data were examined.
Investigating the change in the number of individuae found that the appearance of
species is approximately 2-3 weeks earlier tharyefrs ago. Similar changes were
observed by Kovacs et al. (2009), who, examinirggrtiigration of birds, experienced
an almost one week shift earlier over 24 years.

No significant changes happened during the invatd) period of the exceeding
days of the 10, 20...90% of the annual heat sum, hewé& was found that the
exceeding days of the lower percentages had negtidency, while the exceeding
days of higher percentages had a tendency around which altogether refers to the
extension of the growing season. This is consisteitih the forward shift of the
seasonal pattern of the total number of Lepidoptetaviduals.

However, our analyses of the diversity indices skmwhat the increase of the
different diversity index values shifted forward.

Examining the correlation between the capturing ddtLepidoptera and the daily
mean temperatures we found that the values of dadgn temperature and the daily
diversity closely correlated={g. 11), which corresponds to what Ferenczy et al. (2010)
observed. However, diversity and the standard tiewiaof temperature showed
negative correlation/g. 12).

Some authors reported an increase (e.g. Bazza3),\file others a decrease in the
number of individuals (e.g. Nowinszky et al., 2068 a function of temperature.
Taylor, (1963) found that flying and, as a consegee capturing had both lower and
upper temperature threshold values. This statemastsupported by our investigations
(Fig. 8), i.e. that in the warmest summer period the diwgrvalue did not increase,
even a slight decrease could be observed. Relyiog these findings we came to the
conclusion that as an effect of climate change, noenber of Lepidoptera and
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consequently their diversity would decrease. Thislso supported by the long-range
model developed by Drégelyi-Kiss et al. (2010) &hdnagel et al. (2008).
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