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Summary
1. Previous studies or insect dynamics have detected spatial synchrony in intraspecific
population dynamics up to, but not:exceeding, 1000 km. Oddly, interspecific synchrony
has recently been reported a1 distances well over 1000 ktn (at continental and circunlpolar
scales).While the authors implicated climatic effects as the cause for the apparent largescale interspecific synchrony, there is no evidence that weather data are synchronized
over such great distances.
2. Ln the present study, intras@cific circumpolar synclxony in the gypsy moth, Lymmmia
dispcrr (L.), was tested for among 11 regions across three continents (North America,
Europe and Asia). Analyses indicate that most gypsy moth populations around the
world tend to oscillate at periodicities between 8 and 12 years.
3. These oscillations were synchronized at distances up to c. 1200 km w i t h continents.,
There was no evidence for intraspecific synchrony of gypsy moth populations between
continents.
4. We suggest that previous reports of interspecific syncl~ronyamong insects at scales
much greater than 1000 km may suffer from spurious correlations among oscillating
populations.
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Introduction
A common characteristic of the population dynamics
of most aninla1 populations is the apparent syncluony
of oscillations among geographically disjunct populations
(Smith 1983; Ranla et ul. 199%; Ranta, Lindstrom
& Linden 1995b; Larnbin cz a/.1998: Bjmnstad, Inls
t Lambin 1999; Zhang & Alfaro 2003; Liebhold,
Koenig & Bj~rrnstad2004). Three explanations are
frequently posed to explain this synchrony: (1) small
numbers of individi~alsdispersing among populations,
(2) small numbers of individnals of enemies dispersing
among populntions and (3) a relatively small but synchronous random exogenous effect. An example of a
synchronizing exogenous effect is random fluctuations
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in weather, referred to as theCMoraneKect7(Moran1953).
Studies have demonstrated the existence of intraspecific synchrony over spatial scales up to 1000 km in
seveml forest insect species (Liebhold, Kamata & Jacob
1996; Liebhold & Kanlata 2000; Williams & Liebhold
2000; Peltonen et 01.2002 Zhang & Allaro 2003; 0kland
& Bj~rnstad2004). In addition, synchrony between
sympatric populations of two or more species of lbrest
insects has also been noted in several cases (Miller &
Epstein 19SG; Hawkins & Holyoak 1998; ~ y e r s998;
Rain~olldoer al. 2004a; Raimondo et a[.2004b). An
extraordinary theory was advanced by Myers (1998) that
populations of different forest insect species throughout the northern hemisphere are synchro~ized.Myers
reported that outbreaks were associated with spccific
weather condilions (cool springs) and specific stages
in the solar cycle (troughs) and concluded that this circunlpolar interspecific syncl~ronizationwas an example
of the Moran effect. Technically, the phenomenon
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(Keith 1963). Forest Lepidoptera from the northern
observed by Myers should not be classified as a Moran
hemisphere often cycle with periodicities of 8-1 1 years
eKect; in Moran's original work, he hypothesized that
the dynan~icsof two populations wercdetennined prim(Kendall, Prendergast & Bjerrnstad 1998; Myers 1998;
arily by density-dependent processes, L ~ L Ia~ s~nallb ~ ~ tLiebhold & Kamata 2000). The most conmon hyposynchronized exogenous stocllastic effect (i.e. weather)
theses to explain population oscillations are based on
density dependent biotic interactions, is. predator-prey
could synchronize the populations. In contrast, Myers
(1998) envisioned a system in which outbreaks were
dynamics (Anderson & Erlinge 1977), maternal elyects
primarily ca~lsedby specificweather events. Hawkins &
(Rossiter 1894),induced plant defences (Baltensweiler &
Holyoak (1998) f o ~ ~ similar
nd
synchronization of popuFischlin 1988), host-parasitoicl interactions (Berryman
lations of different species of forest insects over thou1996) and disease dynamics (Myers 1993). Solar cycles
sands of kilometres. This transcontinental synchrony
have also been proposed as causal agents in oscillations
of snowshoe hare and lynx in Canada (Moran 1949;
in Huctnations of populations was also ascribed to
Sinclair et al. 1993). However, the concept of climatic
synchrony in specific weather events.
release as a cause of periodic population cycles has been
The question remains as to whether the synchrony
queslioned both because of statistical concerns and the
among populations separated by thousands of kilolack of periodicity in the climatic deviations that are
mcircs rcportecl by Myers(1998)and Hawltins&Holyoak
thought to trigger outbreaks (Martinat 1987; Turchin
( 1908)arc exceptions or the rulc; most other studies of
population synchrony in Ibrest insects (Liebhold et trl.
& Berryman 2000). Although nlany processes are known
to bc capable of producing oscillations, identifying the
1996: Liebhold & Kamata 2000; Williams & Liebhold
2000: Peltoncn 6.1 rrl. 2002; Zhang&All'aro 2003; Mkland
specific n~echanismoperating in a given system is often
dificult.
SL Bjmnstad 2004) report more limited synchrony (up
to approxiiwately 1000 lull). This more restricted scale
of synchrony compares wiih the findings of Koenig
Materials and methods
(2002), that in most parts of the world synchrony in
Time-series that recorded the yearly forest area defoliated
weather is generally limited to c, I000 km.
One major difference between the studies of Myers
as a result of gypsy nlqth outbreaks were obtained from
(1998) and Hawkins & HoIyoak (1998) and the other
I I regions of the northern hemisphere: five states in the
North-eastern United States (Connecticut, Massachustudies of I'orest insect spatial synchrony is that the
former measured interspecific sync11rony while the iatsetts, New Hampslure, New Jersey, and Vermont, USA),
ter studied intraspecific synchrony. In the present study
five European countries (Croatia, Hungary, Romania,
we address the transcontinental synchrony of a single
Slovakia and Ukraine) and Japan. See Table 1 for
species: the gypsy moth, Lynunti-iu dispar (L.), which is
descriptions of the origins of the data and areas of each
distributed through most of the northern hemisphere
region and Appendix I for raw values of these time
and exhibitsou tbreaks through much of its range (Giese
series. The gypsy moth is not native to North America
but it has been gradually expanding its range. Time
& Schneider 1979). If transcontinental synchrony were
series of defoliation in US states included only years
present, it is s~zrmisedthat it would be stronger within
after the entire state was infested at potentially defolia single species in contrast to interspecificcomparisons.
Two aspects of synchrony among populations are
ating levels (this was determined by only using data
from 5 years after the entire state was designated by
addressed: synchrony in population fl~wtuationsand
USDA quarantine regulations to be generally infested.
phasc synchmny (= phase coherence).
Populations of many animal species fluctuate with
Previous studies (Liebhold et al. 1994; Sharov, Liebhold
& Roberts 1996) showed that at any location there is a
regular cycles in the order of 10 pears. Numerous
mammal species in Canada, for example, have long bcen
typical 5-year lag between the time that a municipality
is declared 'infested' and when defoliation commences.
known to cycle a.1 approximately 10-year periodicitics
Table I. Descriplion of historical records or gypsy moth defoli

Country/state

Years

Land area (kmnz) Source of data

--

Croatia
fIunga1y
Romania
Slovak~a
Ukraine
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Connecticut. USA
Massachusetts. USA
New Hampshire. USA
Vermont. USA
Ncw Jersey, USA
.Tapall

University of Zagreb, Zagreb,Croatia
Forest Research Institute, Matrafured, I-Iungary
Forest Research and Mawagement Lnstitute, Brasov, Rotnania
Forest Research Institute, Zvolen, Slovakia
Ukrainian Research Institute of Forestry & Forest Melioration,
Kharkov, Ukraine
USDA Forest Service, State and Private Forestry, Morgantown, WV
USDA Forcst Service, State and Private Forestry, Morgantown,WV
USDA Forest Service, Stale and Private Forestry, Morgantown. WV
USDA Forest Service, Slate and Private Forestry, Morgantown, WV
USDA Forest Service, State and Private Forestry, Morgantown, WV
Japan Forcstry Age~~cy,
Tokyo
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Analysis of periodicity in defoliation intensity within
each region was performed through wavelet analysis
(Torrence & Conlpo 1998). Data from each location
were log transformed (log,, + I) and normalized to a
mean of zero and a variance of one. The Morld wavelet,
a damped complex exponential,was used in the analysis.
Global wavelet power spectra for all regions are presented to illustrate graphically the strength of signal
across periodicitics. Thc temporally averagcd dominant
periodicity for each region was also reported. Sin~ilarly,
periodicity analyses were performed using discrete
Foouricr tra~isformsfor comnparison.
Wavelet phase relationships were compared among
regions to quantify spatial synchrony in gypsy moth
cycles. In acyclicalpopulation, as the population cycles
from a trough to a peak and back to a trough again, the
phase angle (measured in radians) changes from -n to
0 to n, respectively. The n then changes to -n and the
cycle is repeated. Wc measured the correlation in these
phase angles as an indicator of spatial synchrony among
the gypsy moth popillations (Grenfell, Bjornstad &
Kappey 2001; Johnson, Bjmnstad & .Leibhold 2004;
Liebhold et d.2004). Phase values belween 8- and 10ycar periodicities were focused upon in this analysis
because nearly all the regions (except Japan) had strong
periodicities within this range (see Results). Because
phase states are circnlar, circular correlation estimates
were used to measure inter-regional synchrony
(Jammalamadaka & SenGupta 2001). Inter-regional
distances from 0 to 1400 km (intracontinental) and
from 6000 to 11 000 km (intercontinental) were compared separately because there were no inter-regional
distances between these two ranges. Correlation coef-.
ficients were calculated between the vectors of phase
values at discrete periodicities between all regional
pairings. These data wcrc bootstrapped I000 times by
randomly sanlplingcorrelation coefIidents(from between
the 8-1 0-year periodicity range) from all pairs of regions
whose separalion distance fell within the specified intraor intercontincnlal distances. From these 1000 sets of
bootstrapped data, we created 1000 spatial smoothing
of disspline correlograms of correlation as a f~~nction
tance with a smoothing parameter equal to
The
a~~tocorrelation
values at each smoothing spline break
(each representing a lag distance) in each of the 1000
smoothing splines were calc~ilatedand then sorted in
ascending order. Thus, the median autocorrelation
values (5001h sorted value at each break) was used to
estimate mcdian correlation while the 25th and 975th
values were used to estimate the 95% confidence interval
of the corrclogram. Smoothing splines were then fitted
to each of these three sets of values to estimate the
median and 95% confidence intervals of correlation as
a function of distance.
As a third measure of spatial synchrony, a spatial
spline correlogram (Bjornstad & Falck 2001) was
constructed from pairwise comparisons of changes
in intensity of gypsy moth defoliatior~[log,,,(N,+,
+ 1) logl,(N,+ I)]. Beca~~se
all data were normalized, the

sample autocorrelation pi,, between two sites i and j at
time t was the product of the normalized data of the
two samples at time t:

where z,, is the nornlalized change in defoliation intensity
in region i at time t . Across all pailwisc comparisons of
the I 1 regions (with ndtiplc temporal components)
there were 2140 values of p. These data were bootstrapped 1000times by randomly sanlpling2140 val~ics
oi' p with replacement and recording the corresponding
great circle distances (6) belween the respective regions.
Two spatial correlogran~swith median and 95% confidence intervals were created for the two ranges of
interpatch distance, as described above.

Results
Time-series oC defoliation intensity by the gypsy moth
in 11 regions of the northern hemisphere are presented
in Fig. 1. Donunant periodicities in eight of the 11
regions ranged between 8 and 12 years (Table 2). The
exceptions were Ukraine, with a dominant periodicity
= 16.53 year, New Jersey with a dominant periodicity
of 4.91 year, and Japan with a dominant periodicity of
5.84 year. Note that even these exceptions had secondarily strongperiodicities between 8 and 12 years (Fig. 2)
(althoughtl~at
for Japan was only of moderate strength).
Thus, all five US states had modes of strong periodicity
between 8 and 12 years [although the periodicities were
only significant (Ps 0.05) in New Hampshire and
Vermont]. Connecticut had two other modes of strong
periodicity, one around 5 years (P < 0-05) and the
other at 16 years (P > 0.05). A11 five of the European
countries had modes of strong periodicity between 7
and 10 years [four of which were significant(P < 0.05):
Croatia, Hungary, Romania and Slovakia]. Croatia
had a second periodicity that was significant around 23 years (P < 0.05) and a third non-significant mode of

-=

Table 2. Dominant periodicities of gypsy moth population
dynamics around the world based on wavelet analysiswit11 the

Morlet wavelet function
Region
USA
Connecticut
Massachusetts
New Hampshire
New Jersey
Vermont
Europe
Croatia
Hungary
Romania
Slovakia
Ukraine
Asia
Japan

Dominant periodicity (years)

-+

Connectlcut

1.5

8
8

f

1
0.5
0
-0.5

0
-1

-2

-1

f. -1.5
$ -2

+

Massachusetts

2

Y

3 =

-3

New Hampshire

1940

1960

1980

2000

Vermont

1.5

.

Croatia

1 .

0.5 .
0 4.5 .
-1 .
-1.5 .
-2 1940

1960

1980

2000

Year
Hungary

Year
2-

Romania

1 .

0.

-3

.
.
.

3

r

-1
-2

--+

21

Slovakia

-+

21

Japan

Ukraine

Year

7
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Year

Fig. 1. Log,, + 1 transformed defoliation inlensily data of the gypsy moth in 11 regions across the northern hemisphere (data are
slandardized to f = 0 and variance = I).
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New Hampshire

New Jersey

Vermont

Croatia

4

8

16

Period (years)
Hungary

4

8

16

16

Ukraine

Period (years)

Jaoan

4

8
Period (years)
Romania

Slovakia
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4

8

J

16

Period (years)
Fig. 2. Global periodicity spectrum of gypsy moth outbreaks across 11 regionsin thenorthern hemisphere. The solid lineindicates
strength of perindicities. Periodicity strenzths above the dashed line indicate significant periodicities at the 95%confidence level.
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strong periodicity at around 10 years. Japan had two
significantlystrong periodicities, one at around 3 years
and the second at around 5-6 years. Overall, the periodograms reveal that the periodicity of gypsy moth
dynamics were similar among the stdes of the US and
thc countries of Europe. Japan, on the other hand, had
a shorter dominant periodicity. Despile the strong
pcriodicities in the 8-12-ycar range most wcrc insignificant, possibly because some of the time-series wcrc
somewhat limited in scale. For example, the shortest
time scries wo~ildcapture only three cycles at a 10-year
pcriodicily, a t which scale only a very strong periodic
signal would be significant. Periodograins constructed
from discrete F o ~ ~ r itransfornls
er
also revealed strong
periodicities at the 8-12-year range at ail sites, and secondary periodicities from 4 to 7 years at most sites.
Fluctuations in gypsy moth defoliation intensity was
positively correlated between regions that were less
than 1300 km apart in 18 of 20 pairwise comparisons.
The spatial correlogram indicates that defoliation
in regions that were less than c . 1200 km apart were

positively correlated (P< 0.05, Fig. 3 4 . In comparison,
there was significant positive correlation between
wavelet phase values at interpatch distances only up
to 600 ktn (intracontinental comparisons, Fig. 4a). At
great circle distances greater than 6000 km, however,
19 of 35painviseconlparisons of changes in defoliation
intensity were positively correlated, which is close to
the 50% of comparisons that could be expected to be
positive by chance. The spatial correlograln at thcse
distances indicates no synchrony in fluctuations at distances greater than GOO0 km (Fig. 3b). The averagecorrelation of comparisons between 6000 and 11 000 kin
was approximately 0.01 and was not significantly
different frornzero. Similarly, in transcontinental comparisons of phase values, the average correlation was
less than 0.1 and revealed no significant synchrony
between 6000 and 11 000 krn (Fig. 4b). In short, these
results reflect synchrony in the population dynamics of
thegypsy moth within a continent (the US and Europe),
but no evidence for synchrony at transcontinental distances between 6000 and 11 000 km.
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Fig. 3. Spatial covariance function (solid lines) estimated
rrom gypsy moth defoliation data with 95% confidence
intervals (dashed lines). The horizontal solid line represents no
correlation (= 0). Intraco~itinentalcomparisons are presented
in (a) and ~ntercontinentalcomparisons are presented in (b).
The horizontal dash-dotted line in (b) indicates the average
correlation across the entire range of intercontinental distances
(6000-1 1 000 km) and the horizontal dashed lines represent
the 95% conlidence inlerval.

Dlstance (km)
Fig. 4. Spatial covariance function (solid lines) estimated
fro111 wavelet phase values with 95% confidence intervals
(dashed lines). The thick horizontal solid line represents no
correlation (= 0).Intracontinental cotnparisons are presented
in (a) and intercontinental coinparisons are presented in (b).
The horizontal dash-dotted line in (b)indicates the average
correlation across the entire range of intercontinental
distances (6000-1 1 000 km) and the l~orizontaldashed lines
represent the 95% confidence interval.
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Spatial synchrony among geographically disjunct
populations of thc same species is a common pattern
among many species andcould be the result of a number
of processes, such as the M oran effect (Moran 1953) or
dispersal (Bjernstad el ul. 1999). Peltonen et ul. (2002)
analysed historical maps of defoliation and compared
patterns of intraspecific spatial synchrony among six
species of Ibrest insects (including the gypsy moth).
Because they found that synchrony was not cxtended
over longer distances in species of insects with wpacities for movement IIILICII greater than North American
gypsy moths (which have limited movement capabilities
clue lo the lack of flight by adult females), Lhey concluded hat rcgional stochastici!~(Moran effect) is a
more dominant synchronizing agent of forest insect
populations. The historical gypsy moth defoliation time
scries that I'eltonen et nl. (2002) analysed wcre slightly
direrent than the series analyscd here. Their series were
shorter (1976- 99) and were aggregated in 100 x 100 km
cells. The analysis of Peltonen et al. (2002) indicated
lliat gypsy moth outbreaks were synchronized over
distances up to 600 km. Temperature and precipitation
across the gypsy nmoth's range in the north-eastern
US was synchronized over lag distancesup to and greater
than 800 km (Peltonen et a / . 2002), thus suggesting
that thc regional stochasticity could be synchronizing
gypsy moth outbreaks at this regional scale. They found
no significant synchrony at distances greater than
1000 km. The results of our analysis of populations
across the northern hemisphere were varied, where significant synchrony was dctected up to 1200 km using
spatial covariance analysis of defoliatioil series, but
only up to 600 km using wavelet phase analysis. These
results suggest that analysis of Rnctuations in defoliation was a more powerful method for detecting synchrony than wavelet phase angle analysis.There was 110
evidence for synchrony in gypsy 1110th outbrealts at
intercontinental distances between 6000 and 11 000 kin.
Thus, there is no evidence for intercontinental synchrony among gypsy moth populations in this study.
'I'his is surprising, considering the finding of interspecific synchrony in forest insect outbreaks (including
the gypsy moth) over thousands of kilometres by Myers
(I 998) and Hawkins & Holyoalc (1998). Moreover, Selas
et ui. (2004) propose that forest insect outbreaks may
be causcd indirectly by low sunspot activity, which
would result in global synchrony. Thc authors reason
that UV-B radiation from the sun peaks in periods of
low sunspot activity (Rozema et a/. 2002), causing trees
to respond by increasing the production of UV-B protective phenolics at the expense of production orchemicals for herbivore resistance. This possible mechanism
for global synchrony in forest insect outbreitks requires
further scrutin): and apparently does not apply to the
outbreak dynamics of the gypsy moth based on the
results of' the current study. Myers (1998) reported
seven gypsy moth outbreaks in Europe from 1934 and

1985, and seven outbreaks in Vermont from 1941 to
1990. In 2 years outbreaks were simultaneous in both
regions. To test whcther this is a significant number of
synchronous outbreaks, a Monte Carlo simulation model
was run and outbreak series were replicated 10 000
times for each region (Vermont and Europe). In the
model, the first outbreak was restricted lo occur in each
region independently sonlewhere between 1934 and
1941 (this range was selected because it is the empirical
range of the first outbreaks, and 8 years is the mean
inter-val between outbreaks). Then six more outbreak
years were selected randomly based on the observed
distributions of time intervals between outbreaks (from
the empirical data) in Vermont and Europc, respectively.
For example, if the first outbreak occurred in Vermont
in 1940, and the randomly selected time interval was
10 years, then the next outbreak occurred in 1950, and
so forth until each region had had seven outbreaks.
Time intervals between outbreaks were selected with
replacement. The distribution of the number of cooccurring outbreaks in each replicate was calculated.
The result indicated that at least two co-occurring outbreaks could owur randomly 18% of the time; thus, the
observed coincidence could occur by chance without
any synchronizing effect. The analyses used by both
Myers (1998) and Hawkins & Holyoak (1998) are
based on the probability of coincidence of outbreaks
anddidnot take into account the periodic behaviour of
populations. However, it is well known that two timeseries that are serially dependent andlor oscillatory are
prone to spuriouscorrelation(Royanla 1992; Bt~onaccoai
era]. 2001; Brockwell & Davis 2002). Temporal autocorrelation violates the assumption of independence
among sanlples that is implicit when testing the significance of correlation between two series. Furthermore,
many insect species oscillate with similar periods
(Kendalk et al. 1998) and coincidence of peaks is likely
to occur by simple chance. Thus, the ~onclusionsof
global synchronyproposed by Myers (1998) and Hawkins
& Holyoak (1998) must be questioned.
Periodic fluctuations in population size are pervasive
across many species. Of nearly 700 tune-series of 25 years
or longer, 30% exhibited periodic cycles (Kendall et al.
1998). Interestingly, an inordinate numbcr of species
around the world appear to have periodic cycles of
approximately 10 years (Keith 1963; Myers 1998).As
stated above, there are many arguments against the
idea that insect populations are merely tracking some
periodic weather phenomenon. If not because of weather,
then why are the dominant periodicities among gypsy
moth populations consistently between 8 and 12 years
in eight of the 11 regions across the northern hemisphere (51 = 11.25 3.31 years)? Theoretical models
demonstrate that host-parasitoid (Nicl~olson& Bailey
1935), host-pathogen (Anderson & May 1981) and
predator-prey interactions (Rosenzweig& MacArthur
1963)can cause periodic cycles. Thus, one hypothesis is
that something intrinsic in the trophic interactions of
the gypsy moth and other forest insect populations is
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the cause of 10-year cycles. In fact, some consumerresource nlodels consistently exhibit periodicities
with a minimum of 6 years (Lauwericr & Metz 1986;
Ginzburg & Taneyhill 1994), supporting this hypothesis. Dwyer, Dushoff & Yee (2004) proposed a model
that incorporated virus epizootics, induced host plant
responses and a type 111 functional response by small
mammal predators, and this model was capable of producing the characteristic 10-ycar cycles seen in gypsy
moth populations. Liebhold gL ICamata (2000) hypothesized that gypsy 1110th outbreaks are triggered by
periodic total mast failures in oak-dominated roresrs.
Extensive e~ologicalstudies (Campbell & Sloan 1977;
Elkiuton el al. 1996) have implicated predation by small
rnarnnlals as a critical regulating agent in tile dynamics
of low density gypsy 1110th populations. Small mammal
population dynamics are highly influenced by the availability of' mast during winters and thus f~mctionto link
gypsy moth populations to lllast abundance (Elkinton
ir/ a/. 1996; Jones ct a/. 1998; Liebhold el cd. 2000).
Because mast seeding is known to be periodic, this
could serve as the source of periodicity in gypsy moth
populations.
While theprecise identity of themechanisrnscausing
gypsy moth oscillations is not certain, it seems most
likely that these oscillations are results of one o r more
of its trophic interactions, and that these interactions
itre similar (but not necessarily synchronized) between
the U S and Europe. The shorter periodicity in cycles of
the gypsy moth in Japan may indicate different trophic
interactions in this region. There are n o studies utilizing identical methods available for conlparing the
trophic factors affecting gypsy moth populations i n
North America, Europe and Japan. I-Iowever, there is
cvidence that the important role of small manlmals that
has been identified in the dynamics o r North American
gypsy moth populations nTdy also be operating in Japan
(Liebhold, Higashiura & Unno 1998) and Europe
(Gschwantner, Hoch & Schopf 2002). Population
dynamics of s~nallmammals, in turn, respond to mast
seeding flnctuations in forest trees (Hmsen & Batzli
1978). It is possible that the variation in periodicity of
bypsy moth populations observed among regions around
the northern hen~isphercmay reflect thc varying periodicities of mast seeding in the forests where they occur.
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Appendix I.
Raw data of hectares o f forest defoliated by the gypsy moth by region
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North America

Europe
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- .- ..
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841
829
7 640
1206
0

431
7 738
8 406
6636
1 375
774
276
49
500
0
32 696
14 286

Hungary Romania
.. . .-- ...

Slovakia

Ukraine

5 167
5615
8 283
3084
3 055
3 703
13 960
34 326
5 390
4 078
1 173
2610
3566
1 463
712
518
11 5x0
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200
225
50
2400
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7450
1 500
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10
10
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70
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1 000
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