
Gimesi et al.: The effect of climate change on the phenology of moth abundance and diversity 
- 349 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 10(3): 349-363. 
http://www.ecology.uni-corvinus.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

 2012, ALÖKI Kft., Budapest, Hungary 

THE EFFECT OF CLIMATE CHANGE ON THE PHENOLOGY OF 
MOTH ABUNDANCE AND DIVERSITY 

GIMESI, L.1
 – HOMORÓDI, R.2 – HIRKA, A.3

 – SZABÓKI , CS.3 – HUFNAGEL, L.4* 

1University of Pécs, Faculty of Natural Sciences, Department of Informatics,  
7624 Pécs, Ifjúság út 6., Hungary 

2ALÖKI Applied Ecological Research and Forensic Institute Ltd. 
1185 Budapest, Kassa utca 118., Hungary 

3Forest Research Institute, Department of Forest Protection 
3232 Mátrafüred, Hegyalja út 18., Hungary 

4“Adaptation to Climate Change” Research Group, Hungarian Academy of Sciences 
1118 Budapest, Villányi út 29-43., Hungary 

*Corresponding author 
e-mail: leventehufnagel@gmail.com 

(Received 10th March 2012; accepted 27th March 2012) 

Abstract. When examining the ecological effects of climate change those databases which contain 
monitoring results of long-term time series have a key role. We used the daily Lepidoptera data of the 
Hungarian Plant Protection and Forestry Light Trap Network between 1962 and 2006 to analyse the 
influence of the change of temperature on the ecological dynamics of Lepidoptera. Using the quantile 
regression analyses we concluded that in the examined period, for the total number of individuals, 
seasonal phenomena shifted forward, however the days with higher diversity occurred over a shorter 
period. The analysis of the heat sums shows that the spring warming started earlier, although, at the same 
time the low quantiles of the captured Lepidoptera occurred at lower and lower heat sums over the years, 
while the heat sums at which the high quantiles of the number of Lepidoptera occurred showed a steady 
increase, meaning that the active period of the Lepidoptera community has expanded. A strong 
correlation was observed between diversity and temperature. 
Keywords: biodiversity, quantile regression, climate change, Lepidoptera, light trap 

Introduction 

Since the last decades the effects of climate change on the dynamical behaviour and 
the size of Lepidoptera populations have become more and more obvious. Seasonal 
community dynamics (ecological processes) are, out of the meteorological parameters, 
primarily influenced by temperature. 

Our objective was to examine the effects of temperature change on community 
dynamics. We chose the light-attracted species assembly of Lepidoptera, which is an 
adequate indicator of the above ecological phenomena (Hufnagel et al., 2008). 

The data was collected from the database of the Hungarian Plant Protection and 
Forestry Light Trap Network. The description of the database is presented by Gimesi 
and Hufnagel (2010). This choice had been motivated by the national coverage of the 
light trap network, the large number of captured Lepidoptera individuals, and also by 
the availability of a long-term data series (between 1962 and 2006). 

Various methods exist that demonstrate changes in a community: different diversity 
indices, gradations, species abundance models, quantile regression. We chose quantile 
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regression for our study, which is ideal for examining population dynamics and 
demonstrating changes (Cade et al., 2005; Helmus et al., 2007). Linear regression 
demonstrates the ratio of occuring changes in a simple way (Chamaillé-Jammes et al., 
2007). With the help of this method we observed that both heat sum and the appearance 
of species shifted earlier and earlier over the years. 

Many authors agree on the seasonal dependence of community dynamics, regardless 
of the climate (temperate or tropical) of the area where the research was carried out. 
Szabó et al. (2007) used the number of species and the number of individuals for the 
demonstration of seasonal changes, while Fisher at al. (1943) used a diversity index. 
Species abundance models are also suitable for the examination of seasonal dynamics. 
With the help of the above methods different periods can be well separated. 

We used the traditional two-dimensional time series figures for the presentation of 
seasonal changes, in which the seasonal dependence of population dynamics can be 
seen clearly. 

Review of literature 

The most common method of collecting night-flying insects is light trapping. This 
method has been applied since Williams’ experiments (1935). In Hungary light traps 
have been used since 1940; in 1952 the construction of a worldwide unique trap 
network began (Jermy, 1961; Nowinszky, 2003a). Today, the Hungarian light trap 
network is equipped uniformly with Jermy-type light traps. 

In order to discover the occurring changes and their tendencies in a data series, a 
long time series (daily data series) is needed, with great geographical coverage, and data 
collection needs to be done with the same method along the way, in every location. The 
data series of the Hungarian Plant Protection and Forestry Light Trap Network meets 
these requirements (Hufnagel et al., 2008). 

For the investigation of population dynamics those light traps are best suited which 
have been operating for the longest time without interruption, in the same place 
(Nowinszky, 2003b). Also because of the effects of different abiotic factors, the largest 
possible number of light trap data coming from different locations should be used. This 
ensures that the effects occurring at different capturing sites, and modifying the number 
of captures, compensate each other (Nowinszky, 2003b). A large quantity of data, 
coming from various sources, can be processed with data mining methods. In our case 
the detailed description of the database has been reviewed by Gimesi and Hufnagel 
(2010). 

The number of Lepidoptera captured significantly depends on several biotic and 
abiotic environmental factors. Naturally, the different environmental effects do not 
appear independently from each other, but mostly in interaction (Nowinsky, 2003b). A 
major part of the literature (Nowinszky, 1977; Persson, 1976; Rácz and Bernáth, 1993; 
Williams, 1962) primarily studies the elements of weather and their combined effects. 

In Hungary the correlations between the number of captured individuals and weather 
elements have been investigated since the end of 1950s. Nowinsky et al. (2003) came to 
the conclusion, based on the works of several authors, that temperature had a 
fundamental role in flying activity, which derives from the physiological features of 
Lepidoptera. This assumption is supported by Kádár and Erdélyi (1991), as well as by 
Schmera (2002), among others. 
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Nowadays several diversity indices are used for the characterization of diversity. 
Among these Shannon-entropy is used the most frequently (Juhász-Nagy, 1993). A 
major part of the literature (e.g. Acara et al., 2007; Arnan et al., 2009; Balog et al., 
2008; Chefaoui and Lobo, 2008; Kevan, 1999; Skalskia and Pośpiech, 2006; Suzuki et 
al., 2002) applies primarily this index. 

Besides species diversity investigations, species abundance models have also been 
worked out (Izsák and Szeidl, 2009). They examine the number of individuals 
(abundance) within different species that are part of the studied community (Magurran, 
1988; Bartha et al., 2007). 

Besides these two approaches, quantile regression is also used, which is an effective 
tool for the demonstration of changes (Cade at al., 2005; Helmus, et al., 2007). Linear 
regression demonstrates the ratio of occuring changes in a simple way (Chamaillé-
Jammes et al., 2007). With the help of quantile regression such correlations can be 
discovered, that cannot be with traditional statistical methods. 

In case of quantile regression the changes of a given proportion of the measurement 
data are demonstrated. Similar analyses were carried out by Austin (2007), Anderson 
(2008) and Cade and Noon (2003), as well as Koenker and Hallock (2001). Kovács et 
al. (2009) used linear quantile regression for the demonstration of population dynamics.  

Williams and Liebhold (2002) drew attention to the fact that insects were affected by 
even a relatively small climate change. Williams (1940) investigated the long-range 
effects of weather on population changes, and its short-range effects on the activity. 

With the increase of temperature due to climate change, the living areas of species 
get shifted north (Virtanen and Neuvonen, 1999). Continental species are shifted 
towards the poles by an average of 6.1 kilometers every 10 years, or every 6 meters 
higher in the mountains (Parmesan and Yohe, 2003). 

Environmental effects do not only influence the given year, but also affect the future 
development of populations, as it is referred to by Hufnagel et al. (2008). Therefore, 
besides seasonal change, numerous publications deal with long-term tendencies and the 
effects of climate change. According to Tobin et al. (2008) the number of pest insects 
increases with the rise of temperature, which can have significant ecological and 
economic consequences. 

Wolda et al. (1998) described the yearly seasonal changes of Lepidoptera captured 
with light traps at different geographical locations, and studied the connection between 
these and different meteorological parameters. They found that most species were 
characterized by seasonality, even in tropical environment, which showed similar 
patterns in consecutive years. This phenomena is also supported by Caldas (1992), who, 
based on a 1-year data series, explained seasonal dependence with the change in 
precipitation, although he has not investigated temperature. 

In Japan, Kimura et al. (2008), examining Trichoptera species, found seasonal 
dependence as well as a significant correlation between abundance and temperature in 
spite of the fact that the abundance maximum of the insects they observed occured in 
September, while the temperature maximum were in August. 

Schmera (2002) examined Trichoptera captured with light traps from May to 
October. To present seasonal dependence he used the species gradation figure, the 
Rényi-type diversity index and the right tail sum, and found that no significant 
difference could be seen in the data figures between May and September, however 
October was significantly different from the other months. 
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Researches by Szabó et al. (2007) on the fauna change of Macroheterocera captured 
over an 8-year period showed the seasonal dependence of the number of species and 
individuals. According to it, a smaller peak was reached at the end of March and in the 
beginning of September, while in late May and early July there were higher ones. At the 
end of June there was a decline. 

In England, Fisher et al. (1943) studied a 4- year time series of Macrolepidoptera 
captured with light traps, from April to October, and depicted seasonal changes on a 
graph indicating the number of species and individuals as well as Fisher’s alpha value. 

Material and method 

In the course of our work the database of the Hungarian Plant Protection and 
Forestry Light Trap Network was used, whose first light traps were installed in 1961 
(Szontagh, 1975). These traps are operating all year round, except for those days when 
the temperature does not rise above 0 °C, or when the area is covered with snow 
(Nowinszky, 2003a). 

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

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

To filter out extremes occurring in the databases and in order to reduce fluctuations 
in the data series the moving average method was used. When calculating the moving-
average we considered the 4-4 adjacent daily data as well, that is the average of 9 days 
(9th grade moving average). Number 9 was chosen, because it equals to the number of 
traps. After calculating the average, a 16425-line database was created containing the 
daily data series of 281 Lepidoptera species captured between 1962 and 2006. 

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

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

In Hungary, the connections between captured individuals and the elements of 
weather have been investigated since the late 1950s. In the literature it is a generally 
accepted fact that flying activity, and so the number of captures is primarily influenced 
by temperature. Precipitation, wind and other environmental effects influence it only to 
a small extent and only locally. 

To study community changes, the method of linear quantile regression was used and 
for our analyses the GRETL (GNU Regression, Econometric and Time-series Library) 
(Cottrell and Lucchetti, 2009) and Microsoft Excel programs were used. 
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Results 

One of the methods to investigate community changes is the calculation of linear 
quantile regression, where the changes of a given ratio (10, 20, 30, 40, 50, 60, 70, 80, 
90%) of the measurement data are characterized by a linear quantile regression. 
 
Examination of the number of captured individuals 
The days of the year, on which the number of captured individuals reached 10, 
20…90% of the annual sum were investigated. 

Due to the fact that in the years 1972 and 1973 trapping and filling the database were 
uncertain, we studied the periods between 1962 and 2006 (Fig. 1), and 1974 and 2006 
(Fig. 2) separately. 
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Figure 1. The linear quantile regressions of the number of individuals 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 lines are negative, which shows that the 
captures were getting earlier. 

10% of the annual sum of the number of individuals was reached 15 days earlier in 
2006 than in 1962, while 90% of it was reached 26 days earlier. The ratios shifted 20 
days earlier on average. 
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Figure 2. The linear quantile regressions of the number of individuals 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 regression lines was observed here as well. 

10% of the annual sum of the number of individuals was reached 21 days earlier in 
2006 than in 1974, while 90% of it was reached 18 days earlier. The ratios shifted 16 
days earlier on average. 

Investigation of the heat sum 

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

As the minimum temperature in the examined period was -12.6°C data needed to be 
transformed, when calculating the heat sum, in a way that 13°C was added to each 
temperature value. This way we could avoid counting with negative values. The 
quantile regression lines received after the calculation is shown in Figure 3. 
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Figure 3. The linear quantile regressions of the heat sum between 1962 and 2006 
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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 negative steepness was observed, meaning 

that it started getting warm earlier. In case of the higher percentages the steepness is or 
is around zero (sometimes positive, sometimes negative). The above different 
tendencies of the regression lines indicate that the warm period was extending while the 
cold (winter) one was getting shorter.  

10% of the annual heat sum was reached 2.5 days earlier in 2006 than in 1962, while 
90% of it was reached on the same day. 

Connection between heat sum and the number of captured individuals 

That heat sum was investigated, at which the number of captured individuals reached 
1, 2…10% of the total annual captures (Fig. 4), as well as 10, 20…90% of it (Fig. 5). 
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Figure 4. The 1, 2…10% linear quantile regressions of heat sum – number of captured 

individuals between 1974 and 2006 
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Figure 5. The 10, 20…90% linear quantile regressions of heat sum – 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 appearance of Lepidoptera, under the 4% 

quantile greater and greater heat sum was needed over the years (see the 4 lowest lines 
in Fig.4). However, for further captures less and less heat sum was required (Fig.5). 
 
Investigation of a diversity index 

The days on which the Shannon-diversity index reached 10, 20…90% of the 
maximum value in the given year (between 1974 and 2006) were examined (Fig. 6). 
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Figure 6. The 10, 20…90% linear quantile regressions of the diversity 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% quantiles, where the steepness 
became negative indicating a decrease in the diversity index. After this an ascending 
tendency can be seen again. 
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Seasonal dependence 
The averages of daily mean temperatures, diversity indices, the numbers of 

individuals and species concerning the same days of the years within the period between 
1974 and 2006 are shown in Figure 7. It presents how different values changed as a 
function of the day of the year (for the sake of better visualisation, values were 
weighted to obtain similar scaling). 
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Figure 7. The averages of temperatures, diversity indices, the numbers of individuals and 
species concerning the same days of the years within the period between 1974 and 2006 

 
Although temperature increased till the end of February as it is shown in Figure 7, 

diversity index was low and relatively constant during the winter period. After that (at 
spring) it started increasing significantly and stayed relatively constant during the 
summer, apart from a decline in the middle of summer. After September the diversity 
index started decreasing. 

According to Fig.7 there were two smaller peaks in the number of individuals in the 
early spring and late autumn, besides the regular summer maximum. These two rises 
were caused by species appearing only in these periods. The number of individuals 
reached its maximum when the temperature had already begun to decline. 
The graph of the number of species begins to rise more significantly towards the end of 
spring. It reaches its maximum in the second half of July, after a small increase, where it 
begins to decline sharply. The maximums of the number of species and the temperature 
approximately coincided. 

Figure 8 shows the values of daily mean temperature of 33 years as a function of the 
days of the year, and Figure 9 shows diversity values in the same way. 
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Figure 8. Daily mean temperatures in the years between 1974 and 2006 
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Figure 9. Daily diversity indices in the years between 1974 and 2006 

 
It can be seen that when the standard deviation of temperature is greater (at winter, 

early spring and late fall), the standard deviation of the diversity index is more 
significant as well. The correlation between these two values is 0.6953. Figure 10 
shows the standard deviations of the temperature and of the diversity index. 

It can be seen in Figure 9 that there were days in January, February and December, 
when the diversity index was zero, which means that there were no captures on those 
days. This cannot be observed on the other days of the year. 

Furthermore, it can also be seen that the value of diversity was smaller at a lower 
temperature, and greater when the temperature was higher, although diversity only rised 
with temperature until a certain point. At the beginning of July even a decline was 
observed. 
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Figure 10. The standard deviations of temperature and diversity index in the years between 
1974 and 2006 

 
Figure 11 shows the connection between temperature and diversity. It is obvious that 

there is a significant (0.9815) correlation between them. 
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Figure 11. The change of diversity index as a function of temperature calculated with the 

averages of the years between 1974 and 2006 
 

Examining the standard deviation of temperature and the diversity index on Figure 
12, it can be seen that as the standard deviation of temperature increased, the diversity 
index decreased. These two values are negatively correlated (-0.7949). 
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Figure 12. Change of diversity index as a function of the standard deviation of temperature 

calculated with the averages of the years between 1974 and 2006 

Discussion 

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

In our present study the long-term seasonal changes of the data were examined. 
Investigating the change in the number of individuals we found that the appearance of 
species is approximately 2-3 weeks earlier than 30 years ago. Similar changes were 
observed by Kovács et al. (2009), who, examining the migration of birds, experienced 
an almost one week shift earlier over 24 years. 

No significant changes happened during the investigated period of the exceeding 
days of the 10, 20…90% of the annual heat sum, however it was found that the 
exceeding days of the lower percentages had negative tendency, while the exceeding 
days of higher percentages had a tendency around zero, which altogether refers to the 
extension of the growing season. This is consistent with the forward shift of the 
seasonal pattern of the total number of Lepidoptera individuals. 

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

Examining the correlation between the capturing data of Lepidoptera and the daily 
mean temperatures we found that the values of daily mean temperature and the daily 
diversity closely correlated (Fig. 11), which corresponds to what Ferenczy et al. (2010) 
observed. However, diversity and the standard deviation of temperature showed 
negative correlation (Fig. 12). 

Some authors reported an increase (e.g. Bazzaz, 1975), while others a decrease in the 
number of individuals (e.g. Nowinszky et al., 2003) as a function of temperature. 
Taylor, (1963) found that flying and, as a consequence, capturing had both lower and 
upper temperature threshold values. This statement was supported by our investigations 
(Fig. 8), i.e. that in the warmest summer period the diversity value did not increase, 
even a slight decrease could be observed. Relying upon these findings we came to the 
conclusion that as an effect of climate change, the number of Lepidoptera and 
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consequently their diversity would decrease. This is also supported by the long-range 
model developed by Drégelyi-Kiss et al. (2010) and Hufnagel et al. (2008). 
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