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Abstract Eleven light traps with a 500 W mixed
light lamps were installed in virgin habitats in the
Varrigtunturi fell area, NE Finnish Forest Lapland
{67°44'N, 29°37'E}). The traps were operated daily in
the years 1978-1992. The total catch of the autumnal
moth Epirmita autumnata was 134,787 individuals, of
which males amounted to 85006 individuals. Cne
large peak period fell into the years 1983-88, which
made up 57.7 % of the total catch, and anothe:
seemed to be starting in 1982 No serious attack on
the birches of the area ocourred during this 15-vear-
period.The proportion of females stayed below or
around 20 % in the low catches, but increased 1o
almost 60 % during the mass occurrences. The
synchrony of moth emergence with biotic and envi-
ronmental factors is assessed.

Kay-words: Epirrita autumnats, Lepidopters, light traps, sex
variable

Introduction

The autumnal moth Epirrta autumnata (Bkh.} is known
10 cause serlous damage to birch trees, especially in
the mountain bhirch forest zone of Lapland. Its cater-
pillars kill the birches over large areas of northern
Fennoscandia at intervals of approximately 9 or 10
vears, but the damage is not s0 serious at maore
southerly latitudes (Tenow 1972, Haukioja et al 1988,
Tenow and Bylund 1989). In the area of eastern
Itéikaira, eastern Finnish Lapland, the last serious
catastrophe 10 be recorded in which its larvae defo-
listed the birches was in 18965-66 (Pulliainen 1976).

The fluctuation pattern of the species has been
explained in terms of the defensive machanism of its
main food item Betula pubescens ssp. tortuosa
(Neuvonen 1987, Haukioja 1990, Ruohomédki 1981
fand references cited), against parasites {Jussila and
Nuorteva 1968, Nuorteva and Jussila 1965, Tenow
1972, Ruohoméki 1991) and against diseases {Tenow
1872). The previous winter temperature also seems to
have had an influence on the [ollowing summer's
catch, especially if there were heavy frosts (Tenow
1872).
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of Epirrita autumnata,
in eastern Finnish Forest

The aim of this paper is to provide records of E.
gutumnata population fluctuations at one site in E.
Finnish Forest Lapland over a 156-year period.

Fig. 1. Location of the study area in E Finnish Forest Lapland
and sites of the light traps (1-11) in the Vanrridtunturi fell atea.
Coordinates = Grid 27°E and height above sea lavel

Material and methods

Eleven light traps (Jalas 1970) with 500 W mixed light
lamps were installed in the following virgin habitats
in the Varridtunturi fell area, E. Finnish Forest Lapland
(67°44'N, 29°37'E; Grid 2Z7°E 751:60, 61; 752:61): (1)
Three traps (Nos. 1-3 in Fig. 1) in a dry heath forest of
old Scots pines (Pinus sylvestris); {(2) Three traps (Nos.
4-6) in a ravine covered by a spruce-dominated mixed
forest (Picea abies); (3) Three traps (Nos. 7-9) in a
mountain birch forest (Betula pubescens 8sp. tortuoss)
on the northern slope of Varridtunturi; 4) Two tzaps
(Nos. 10-11) on the treeless summit of Varrdtunturl

The lights {500 W blended light lamps) were switched
on for the period 2000-0800 each night from mid-May
to mid-October, and the catches were collected each
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morning, scrted and the moths stored in a freezer. The
moths were later picked out, identified and sexed.

The period of continuous daylight in the Varridtuntun
fell area lasts from 30 May to 14 July. The area is
snow-free from approximately the end of May to mid-
October.

The data was tested against temperature by
spearman rank correlation coeificient using a statis-
tical package (Systat 501, Systat Inc., Evanston, IL,
USA).

Reasults

Altogether 134,787 specimens of Epimila autumnata
were caught, comprising 89,006 males and 45,781
fernales, Tha largest single year's catch was that of
1992, 26,689 individuals, and the smallest that of
1979, only 715 (Fig. 2).

One “full” peak was recorded during this 15-year-
period, 1983-86, representing 57.7 % of the total
catch, with smaller highs in 1880 and 1890-92. The
proportion of females remained at 20 % or even lower
during the lows, but seemed to increase to close to
60% during the peaks (Fig. 2).

The catch was tested against the effective tem-
perature sums (ETS) for the same year and the previ-
ous year, the frost sum for the previous winter and the
frost sum and number of days kbelow -20°C in the
previous winter. The data for males and females were
tested both separately and combined. The frost sum
was tested on the basis of both mean and minimum
daily temperatures.

Only two significant correlations were found. Fe-
males were comrelated with the frost sum of days with
minimum temperatures below -20°C during the previ-
ous winter (1=0.518*"N=15} and with the number of
days with minimum temperatures below -20°C
(r=0.538"* N=15).

Discussion

Twao interesting phenomena came out from our trap-
ping: the steep and sudden rise of population and the
change in the proportion of females.

The sudden increase in the autumnal math po-
pulation in 1983 was striking - in fact it seemed to take
place during the course of a decrease. A rather similar
process was recorded at the commencement of the
sacond peak in 1892, The numbers in our area in-
creased tenfold from 1982 to 1983 (for similar phenom-
enon, see also Linnaluoto and Koponen 1380), the
weather conditions in the latter year being close to
average as far as the ETS was concerned, whils the
previous year had been s0 miserable that conditions
could hardly be said to have been favourable for the
development of an abundant E. autumnata popula-
tion. Tha food situation in particular had been poor,
the birch leaves still being only one centimetre in
length on 2nd July, i.e. about three weeks behind the
average schedule {unpubl, material, see also Nuorteva
1966).

One possible axplanation could, of course, be that
a certain proportion of the pupae had hibernated after
an unfavourable summer. This pattern would fit in
particular well with the first peak in our material, as

summer 1982 was a bad one. So far we do not have
any proof of that, but do extra individuals perhaps
migrate elsewhere? Tenow (1972) describes how &
mass occurrence can sometimes proceed like a
wave, a certain area recieving extra individuals from
a neighbouring area. Bruun (1982) described how
storms carried great numbers of E. autumnata to the
island of Houtskér in the SW Finnish archipelago, the
gource area obviously being the Scandinavian Moun-
tain Range. These possibly migrated individuals can,
however, hardly increase the numbers so drastically
as it seems to happen, but the moths ssem to have a
huge potential to increase when everything is in
synchrony.

A noteworthy feature during the mass feeding
phase seems to be an increase in the proportion of
fernales to close to 50 % of the total catch. Does this
really mean a change in the sex ratio, or do females
move about more in crowdsd situations for some
reason? It is possible that some variation may occur
in the sex ratio of the autumnal moth population. It
has been noted that a real variation in sex ratio
between peaks and lows occurs in small rodents,
especially the wood lemming, Myopus schisticolor
(Kalala and Oksala 1966), and this has been shown to
ba genetically controlled (Fredga et al. 1977) and to
be connected with inbreeding (Stenseth 1978).
Crowded conditions in particular may reflect in the
sex ratio (Charnov 1982).

A further limiting factor may he the larval and/or
pupal period, if one or both of these is forced to be too
long or the summer is too short. The developmental
times of larvae and pupae {Haukinja and Neuvonen
1985, Haukicja et al. 1988} suggest that they are from
30 to 40 days for larvae and from 50 to 80 days for
pupae. The pupal period alsc differed hetween
crowded and solitary larvae (Neuvonen 1987,
Haukinja et al 1988). The average summer is just
long enough for the development of the autumnal
moth in this area, but summers with bad weather may
not be good enough. The larval periods of E. aufumnala
lasted slightly longer on defoliated than on control
trees (Neuvonen 1987), but the pupal weights were
lower (Haukioja and Niemeld 1976). Could this ex-
plain the decrease in females in the Varridtuntur fell
area in 19867

The curious feature in the present data of a sudden
drop in the proportion of females in 1986 might also
be connected with this, especially with the Delayed
Induced Response {DIR). Female larvae are heavier
and they grow longer than males, but the population
density may also influence their size (Haukioja et al
1888, Ruphomiki 1981). If their growth is further
delayed by DIR, they will not have enough time to
develop. The temperature sum for 1986 was close to
the long-term average, which thus does not support
the idea of an inadequate growing period. However,
the female larvae may suffer more than the males
from the defensive mechanisms of the birches due 0
thair longer growing period.

An important role lies in supressing a new increass
in declining populations where parasitism rate tends
generally to be high (Ruohomaki 1%91). If female
larvae are, more heavily parasitized than rnale lar-
vag, due to their longer development time, this might
reduce their proportion during heavy parasitism
phases. The reduction in the rate of growth of E.
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Fig. 2. Yearly catch of Epinita sulumnats (Lepidoptera, Genmatndeag lm light traps in Varridtunturi fell area, E Finnish Forest

Lapland. Eey to symbolswhite column = males; black column

autumnata population due to DIR elevates the ratio of
parasites to host population growth rates, and cause
higher degrees of parasitistn (Neuvonen 1887).

It is known that extremely low temperatures in
winter (below -39°C) are fatal for the wintering eggs
(Tenow 1972). One rather confusing observation was
that the numbers of autumnal moths did not correlate
with the frost sum in either the same or the previous
year. Niemeld (1980) has found, however, that the
peaks most often fall in periods of cold weather,
although he could not confirm this statistically. This
may be connected with the lower phenal production
of birches during cold weather (Haukloja et al. 1978).
A similar trend concerning the starts of the peaks is
to be seen in our results.

Altogether the fluctuation of the autumnal moth
seems to be ruled by many factors. It appears there
may be some kind of universal factor alfecting vast
areas. This possibly constitutes the coincidence of
the disappearance of limiting factors such as stressed
hirches with decreasing defence mechanisms.

Acknowledgements
We wish to thank most warmly the staff of the Vamid

Station, who have operated the light traps from year
to year in all kinds of weathet.

females.

References

Bruen, H. 1992: Changes in Species Composition of the Meoth
and Butterfly Fauna on Houtskar in theArchipslago of SW
Finland during the years of 1954 - 1989 (Lepidoptera:
Hesperidae - Noctuidae). Acta Academiss Aboensis. Ser.
B, Mathemstica et physica, BZ: 1-49.

Chamov, E.L. 1982: The theory of sex allpcation. Princeton,
New Jsrsey.

Fredga, K., Gropp, A, Winking, H and Frank, F. 1977 A
hypothesis explaining the exceptional sex rato in the
wood lemming (Myopus schisticolor). Hereditas Bb: 101-
104,

Haukinfa, E. 1950. Positive and negative Feedbacks in
Insect-Plant Interactions. In:Populalion dvnamics of Forest
Insects {(eds A. D, Watt, 3.R. Leather, M.D. Hunter and
N. A. €. Kidd}, pp. 113- 122 Newcastle upon Tyne
Athenasum press.

Haukioja, E. and Neuvonen, 3. 18856: Induced longterm re-
sistance of birch foliage against defoliators: defensive or
incidental? Ecology, 66: 1303-1308.

Haukioja, E. and Niemeld, P. 1876 Does birch defend itself
actively against herbivores? Rep. Kevo Subarclic Res
Stat., 13 44-47

Haukicja, E., Miemeld, P., Iso-Litvari, L., Ojala, H. and Aro,
E-M 1978: Birch leaves as a resource for herbivorss. I
Variation in the suitability of leaves. Rep. Kevo Subarctic
Res. Stat., 14 5-12.

Haukioja, E., Pakarinen, E., Niemeld, F. and Iso-livar, L.
1988. Crowding-triggered phenaotypic responses alleviate
consequnees of crowding in Epimite sutumnata (Lep.,
(eometridae). {Oecologia, 7h: 549-568.



22

J. Itdmies,

E Pulliainen &
J. Siekkinen

Jadas, . 1970: Perhostenkerailijan opas. |A guide for Lepido-
pterologists). Otava Helsinki (In Finnish).

Jussila, R. and Muorteva, P. 1968: The ichneumonid fauna in
relation to an outbreak of Oporinia autumnata (Bkh.)
(Lepidoptera, Geomstidas) on subarctic birches. Ann
Zool, Fenmicl, B 273-27%8.

Kalela, 0. and Oksala, T. 1966; Sex ratio in the wood lem-
ming, Mvyopus schisticalor (Lilljeb.). in nature and in
captivity. Ann. Univ. Twrkuensis Series A I Biologica, 37
b-24.

Linnaluoto, E.T. and Koponen, 5. 1980; Lepidaptera of Utsjala,
notthemmost Finland. Kevo potes, B 1-68.

Neuvonen, 8. 1887: Delayed inducible responses and plant-
herbivore interactions. Reports from the Department of
Biology University of Turku, 16 1-20.

Niemeld, P. 1980: Dependence of Oporinie sutumnsats (Lep.,
Geomelridas) outbreaks on summer emperature. Rep.
Kevo Subsrctic Res. Stai., 16: 27-30.

MNuorteva, P. 1966, Leaf development and leaf pathogens on
subargtic birches after 2 calamity of Oporinie autumbats
(Bkh.} (Lep., Geometridae). Ann. Zool Fenmici 3. 270-286.

Nucrteva, P. and Jussila, R. 1969: Incidence of ichnegmo-
nids on a subarctic fell after a calamity of the geometrid
moth Oporinia autumnata (Bkh.) on birches. Ann. Entomol
Fannici, 35: 153-180.

Pulliainen, E. 1976: Birch forest damage caused by Oparinia
autumnata Bkh. (Lep. Geometridas) in 1965-1966 in east-
arn Itdkaira, northeasterm Lapland. Ann. Ent Fennicl, 42
166-170.

Ruchomalk, K. 1991: Density fluctnation as a modifier of
individuals and populations in Epindta autumnala. Reporls
from the Department of Biology, University of Turku, 2% 1
21.

Stenseth, N.C. 1978 Is the female hiased sex ratio in wood
lemming Mvopus schisticolor maintained by cyclic in- -
breeding? Cikos, 30: 83-89.

Tenow, O. 18972: The outbreaks of Cporinia autumnata Bkh,
and Operophthera spp. (Lep., Geometridae) in the Scan-
dinavian mountain chain and northern Finland 1862-1368.
Zool. Bidr. Suppl, 2. 1-107.

Tenow, 0. and Bylund, H. 1989 A survey of winter cold in
the mountain birch/Epimdls atfurmnaia systam. Mamo-
renda Fauna Flora Fennica, 85; 67-72.

Received 6. March 1994; revised 4 May 1994,
accepted 17 May 1993



