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The larch bud moth is certainly one of the best-studied insects in Switzerland. In the course of
this research around 130publications have been produced. Research on the larch budmoth has
a long tradition that started in 1949withC.Auerfrom the cantonal forestry office in the Grisons
and was continued by the Institute of Entomology at the Federal Institute of Technology
(ETHZ). The larch bud moth has become a paradigm example in textbooks worldwide of a
forest insect with regular cycles.

The main focus of the early studies was on finding ways of controlling the moth. These
were then succeeded by basic research in population dynamics on the mechanisms regulating
these regular cycles. The former Swiss Federal Institute of Forestry Research, nowWSL, was
frequently involved in research on the larch bud moth. WSL has continued this tradition,
culminating in this publication of the first edition of our series with the new name "Forest
Snow and Landscape Research".

This work is of special interest for WSL today since it moves away from the original idea
of pest control to that of treating the moth as a socially relevant object of investigation for
theoretical population studies. It shows that the close relationship between the larch and the
larch bud moth has developed over thousands of years and does not pose a threat to the
existence of the larch.

WalterBaltensweiler has been the main figure in larch bud moth research for decades. The
publication of this work, with the help of Dieter Rubli, is partly in honour of him as an
individual. This volume brings together many previously unpublished results and offers
possible explanations based on large quantities of data collected by innumerable helpers over
the past few decades.

Once the mass outbreak at the end of the eighties failed to take place, the next gradation
should, according to the models, have occurred earlier. It did not, however, take place until
1999 and will probably now result in visible discolouration. This shows that there are still
questions to be answered and future generations of researchers may thus try to come to grips
with the complex interactions of the very different mechanisms involved in steering the
systems.

Mario F. Broggi
Director
Swiss Federal Research Institute WSL
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Abstract

5

Dispersal: an important driving force of the cyclic population dynamics of the larch bud moth,
Zeiraphera diniana Gn.
From 1949 to 1989 four population cycles of Zeiraphera diniana were monitored in the larval stage
in five subalpine valleys of the European Alps. The analysis of lambda the finite rate of
population increase, in the subalpine optimum area and the suboptimum area in the Swiss Central
Plateau (Mittelland) was employed to differentiate between local population dynamics and the
potential impact of immigration. Maximum population densities throughout the Alps are character-
ised by the defoliation patterns of the larch forests. Mapping these patterns provided the magnitude
of potential exodus areas. Furthermore, the behaviour of the moths and the particular weather
patterns that induce migration complement each other in ways that can explain changes in The
analysis of specific cases of larch bud moth outbreaks illustrates the importance of long-distance
dispersal in cyclic population dynamics.

Keywords: Zeiraphera diniana, Larix decidua, larch bud moth, cyclic population dynamics, Alps,
optimum area, sub-optimum area, dispersal, finite rate of increase, defoliation pattern

Dispersion: eine bedeutende Komponente fUr die zyklische Populationsdynamik des Grauen
Liirchenwicklers, Zeiraphera diniana Gn.
Von 1949 bis 1989 wurden vier Populationszyklen des Uirchenwicklers im Larvenstadium in flinf
Talabschnitten in den europaischen Alpen quantitativ erfasst. Die endliche Wachstumsrate Lamb-
da im subalpinen Gradationsareal und im Latenzgebiet wurde benutzt, urn zwischen dem
lokalen Populationswachstum und moglichen Einwanderungseffekten zu unterscheiden. Die Kar-
tierung maximaler Populationsdichten, d.h. der sichtbaren im ganzen Alpengebiet,

die Ausdehnung moglicher Auswanderungsherde erkennen. In Kombination mit Kenntnissen
tiber das Verhalten der Falter und der spezifischen Witterungsbedingungen, welche Faltermigra-
tionen konnen damit aussergewohnliche Veranderungen von erklart werden. Die
Analyse solcher ungewohnlichen Massenvermehrungen des Larchenwicklers lassen auf die Bedeu-
tung von grossraumigenFaltermigrationen die zyklische Populationsdynamik des Larchenwick-
lers schliessen.

Keywords: Zeiraphera diniana, Larix decidua, Larchenwickler, zyklische Populationsdynamik,
Alpen, Optimum- und Sub-optimum-Areal, Ausbreitungsdynamik, Migration, Vermehrungskoef-
fizient, Schadenkarten
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Preface

Werner Baltensweiler, Dieter Rubli

Research on the larch bud moth and on its defoliations of the subalpine larch cembran pine
forest was started just after World War II as there was concern about the future development
of international tourism in the Engadine and about the health of the larch forest, which was
heavily defoliated in 1947. At the time of these outbreaks, which recurred at intervals of eight
to nine years, they were considered to be devastations, and controlling this was the
ultimate goal.

However, as the general understanding of the complex bud moth cycle increased, our
personal interest shifted from finding ways of controlling the population to studying the
ecology of cyclic populations. During the 1950's and 60's the population dynamics of animals
became the subject matter of an exciting new science, and studies of noxious insects in
particular, were very much en vogue. But the discussions of the problems of explaining natural
regulation often ended up with researchers lamenting either the unpredictability of insect
outbreaks or the scantiness of quantitative long-term population figures. Investigations of the
larch budmoth cycles tackled both of these issues, and soon aroused the general interest of the
scientific community, which meant that all kinds of potential explanations were put forward.
Contrary to traditional scientific practice, the work described in the present contribution did
not follow the traditional sequence: 'formulation of the problem', results and discussion, as
many phenomena were observed and hypotheses tested over a long period. It has taken time
for quantitative information on different population cycles of the larch bud moth to become
available for comparison, and the present paper can be seen as a synthesis of 40 years of
research.
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The sudden appearance of large numbers of animals, known as an "outbreak", has always
interested laymen and scientists alike. Depending on the kind of animals involved, people are
either curious or afraid. Thus, descriptions of mass gatherings of lemmings resulted in the
creation of myths (CHITIY 1996), whereas "plagues" of mice or insects called for control
measures. Outbreaks of animal populations that recur at regular intervals are even more
intriguing. Such population cycles are a challenge not only to the people directly concerned,
but also to the professionals and the scientists who are expected to prevent them having
undesirable impacts on human interests.

The univoltine larch bud moth (LBM, Zeiraphera diniana in the European Alps
is one creature that has recurrent outbreaks (Plate I). The oldest written evidence of a mass
appearance in the Western Alps dates back to 1811, although at that time the phenomenon
was thought to be just a profusion of spider webs (CHAIX 1845). But already by 1894, COAZ had
published a comprehensive review of the occurrence of the LBM in Switzerland and neigh-
bouring countries in the 19th century. When, immediately after World War II (1946 and 1947),
the larch forests of the Engadine were 'devastated' once again (Plate II), the forest service of
the Canton Grisons was urged to prevent new outbreaks by taking appropriate control
measures, since past experience had shown that this plague would recur in eight to nine years.
Fears that the tourism might suffer, plus the fact that a potent new insecticide, DDT, was now
available, furthered the pressure to take action (BovEY 1958) and provided the motivation for
what was to become one of the longest and most extensive entomological research pro-
grammes in Europe. This volume summarizes results which have contributed much to the
understanding that spraying to control the LBM is futile.

In the course of the ensuing research work from 1949 to 1975,26 regional population cycles
throughout the Alps were monitored quantitatively (AuER 1975, 1977; BALTENSWEILER
1970-1982) and several large-scale control operations were undertaken (AuER 1974b; AUER et
at. 1981a). Furthermore, studies of the biology, the ecology, the parasitoids and the virus
disease of the LBM were published in more than 150 scientific papers (BALTENSWEILER et al.
1977; BALTENSWEILER and FISCHLlN 1987). However, in the course of these investigations,
differences of opinion developed as to the biological and economic appropriateness of control
measures. In particular, the understanding of the physiological reaction of the larch tree to
heavy feeding (BENZ 1974; FISCIILlN and 1979) and the interpretation of
massive moth flights around city lights (BURMANN 1965; BALTENSWEILER and VON SALlS 1975)
cast doubts on the suitability of control efforts. This disagreement led, in 1975, to the break-
up of the partnership between Dr. C. Auer, Coire, the initiator of the research work at that
time when he was employed by the Forest Service of the Grisons, and the Institute of
Entomology, ETH Zurich. Subsequently, the investigations oriented towards LBM control,
such as larval monitoring and a large-scale spray programme with Bacillus thuringiensis (Bt)
were continued by Dr. Auer in collaboration with the Swiss Federal Institute for Forestry
Research, Birmensdorf (now WSL) until his sudden death in 1979. The scientists at the
Institute of Entomology continued their research on the ecology and dispersal of moth flight
until 1982. In retrospect, it is clear that this conflict contributed to the early termination of the
project (BALTENSWEILER 1996). Since then, a larval census in the Upper Engadine, phenologi-
cal observations and the mapping of defoliation have been continued on a very small scale,
partly on a private base and partly through official channels. These efforts have, nevertheless,
proved very worthwhile. Without them, the restricted patch of first discolouration at the
locality where it usually occurs above the lake of Sils would have gone unnoticed in 1989. This
observation meant that the extraordinary failure of a general outbreak could be analysed
retrospectively (BALTENSWEILER 1993a).
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A)

C)

E)

Plate I

A) Moth (Photo Bovey)

B) Female bud moth depositing eggs with its protractile ovipositor underneath the leafy lichen
Parmelia exasperatula (in photograph removed) on a larch branch.

C) Mature 5th instar larv are living exposed along branch axis with webbings, frass and needle
debris , these desiccate and turn red-brown.

D) Mature 5th instar larva, carrying three eggs of an ectoparasitoid in the thorax region.

E) Pupation takes place in the forest litter, needle cluster turned upside down. (Photo Bovey)

B)

D)



A)

C)
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B)

D)

A) Discolouration Val Susauna (Engadine, CH); August 1972. Discoloured pure larch forest
between 1700-2000m asl, aspect S-SE, near timberline mixed larch-cembran pine forest, valley
bottom mixed larch-Norway spruce forest.

B) Bois du Prorel opposite de la ville de (F) , August 1962, disoloured zone between
1400-2100 m asl, aspect NE, below 1400 m deciduous forest.

C) Mature larch tree, completly defoliated, covered with webbings. God da Flin, S-chanf (Enga-
dine, CH); July 1954. (Photo Bovey)

D) Discolouration God Carolina, Zernez (Engadine, CH); July 1954.1700-1800m asl, aspect NW.
Mixed larch-cembran pine forest.
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This paper is the first attempt to evaluate on the basis of various kinds of data the role of
dispersal in the cyclic population dynamics of the larch bud moth. By definition, the dynamics
of a population involves changes in the numbers of moths in a population due to births and
deaths on a local scale, i.e. the local dynamics, and changes in numbers due to either
emigration or immigration, i.e. the dynamics of dispersal. Although dispersal is very import-
ant, it is rarely evaluated as it is difficult to quantify. Mark and recapture methods have been
perfected as direct measures, but often they are just not feasible. The enormous changes in
density over the course of a cycle led us to choose an indirect approach for the evaluation of
dispersal.

Thus, this analysis is based on a combination of quantitative and semi-quantitative
information obtained from the entire Alpine area comprising the following three parameters:
- the defoliation pattern, which provides an indication of both population densities and the

potential exodus areas for moths
the annual census of larval populations, which provides the rate of increase of local
populations in areas undergoing defoliation or exhibiting no defoliation

- the moth census in areas with and without defoliation.

This approach has allowed us to monitor migration and its subsequent impact on resident
populations. The reliability of this deductive approach depends on having several basic
conditions unequivocally fulfilled. Finally, the analysis of several unusual cases of population
increase serves as evidence for the claim that dispersal is an important aspect of the cyclic
character of fluctuations in larch bud moth populations.

In particular the following aspects were monitored:
Coinciding with the semi-quantitative mapping of the discolouration patterns of three
breaks between 1960 and 1983 in co-operation with the regional forest services (BALTENS-
WEILER 1961-1965; 1970-1982), a stringent larval census was carried out in areas:
- where there had been repeated defoliation, namely in the subalpine optimum area from

1949 to 1989 (for references see Appendix 4),
where no defoliation had ever been observed, namely in artificial larch stands in the calline
broadleaf tree forest from 1966 to 1981 (AuER 1975; BALTENSWEILER 1970-1982).

Thus the larval density was monitored for three population cycles in the optimum area and
during the third cycle only in the calline suboptimum area with the artificial larch stands.
Furthermore, a moth census with light and pheromone traps was carried out during the third
cycle from 1972 to 1980 (BALTENSWEILER 1970-1982) at strategic places north and south of the
Swiss Alps in order to monitor dispersal.

The unexpected failure of the anticipated population peak in 1989 in the Engadine and the
resulting hypothesis that the peak of the subsequent cycle would occur in 1996 or 1997
(BALTENSWEILER 1993a) delayed the publication of this report, as it was felt to be of utmost
interest to include the answer to this specific prognosis. However, population densities were
monitored from 1984 to 1998 qualitatively only, i.e. by surveying discolouration throughout
the Alps.
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