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Mobility, defined as the potential to disperse, is an important characteristic of a species.
In the present fragmented European landscapes, it can even be crucial for survival. In
current conservation theory, mobility plays a substantial role and therefore reliable
assessment is important. To assess the mobility of 119 day-flying moths, we collected
data from various literature sources. Because quantitative data turned out to be scarce, we
classified mobility according to a qualitative criterion, that is, the relationship of the
whereabouts of the adult moth to the larval habitat. We arranged the data in a hierarchi-
cal scheme according to their significance with regard to mobility. Mobility values
assessed in this way corresponded roughly with values resulting from an inquiry carried
out among a number of moth experts. Hence, combining these results, we attributed a
final mobility value to nearly all of the 119 species. We conclude that a critical review of
ecological information, related to mobility of species, combined with an expert inquiry
gives the most reliable estimates of the mobility of moth species.

Keywords: day-flying moths, mobility, macrolepidoptera, dispersion, literature assess-
ment, expert inquiry

In nature conservation, there is a growing interest in moths, especially the so-
called larger moths or macrolepidoptera (New 2004). Because of their very rich
diversity they can be of great use in the field of nature conservation. An inves-
tigation into the trend of 119 day-flying moths (defined as such in Groenendijk
& Van Zuijen 1999) in the Netherlands, showed that since 1990 most day-flying
species are declining, about 40% of them seriously (Van der Meulen &
Groenendijk 2001). In the present project, we investigated the degree of mobili-
ty of the same group of species.

Mobility, which we define as the potential to disperse, plays a crucial part in
the survival of species in strongly fragmented landscapes (Settele et al. 1996,
Shreeve 1995, Thomas 1995). According to the meta-population concept, the sta-
bility and sustainability of populations depends to a high degree upon migration
between the relatively small sub-populations that are liable to extinction, thus
enabling genetic exchange and recolonisation (Hanski 1999). Adequate mobility
may also allow individuals to colonise remote, suitable areas, thus creating new
populations. Nowadays, in theories on the conservation of endangered species,
mobility is regarded as a very important ecological factor. Knowledge of this
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parameter is especially important with regard to species occurring in the frag-
mented landscapes of large parts of north-western Europe, both to estimate the
vulnerability of the species and to develop conservation measures. However,
despite its great significance, very little is known about the mobility of most
moth species. Therefore, the aim of our study was to develop a method for esti-
mating reliable values for the mobility of day-flying moth species.

In this paper, we first give an overview of mobility concepts and classifica-
tion of mobility. Secondly, we discuss the availability of mobility data in the lit-
erature and its further processing. Taking information acquired from individual
expert knowledge, and processing it, we attributed final mobility values to each
species, the reliability of which is discussed.

MMAATTEERRIIAALL AANNDD MMEETTHHOODDSS
Mobility and classification

As in other insects, moths are only mobile in the larval and adult stages. The dis-
tance moved in the larval stage is mostly limited, and the mobility in this stage
is mainly important for the search for food, shelter, optimal micro-climate and
suitable places to pupate. In general, it is the adult, flying stage that plays the key
role in dispersion. However, in some species, such as many Lymantriidae and
some Geometridae, females are wingless and dispersion wholly depends on the
newly emerged first larval stage. These very small caterpillars possess special
hairs, the so-called aerophores, which enable them to be borne over long dis-
tances by the wind (Régnière & Sharov 1998, Majerus 2002).

Mobility is influenced by various environmental factors (Shreeve 1995). Yet,
the characteristics of a species which contribute to its mobility are largely genet-
ically determined. Thus, mobility is based on the genotype. The mobility of but-
terfly and moths species varies enormously. Because of its importance in conser-
vation biology, various attempts have been made to classify this parameter.

An important aspect of a classification is defining the nature of the classes.
Indeed, classification can be based on qualitative and quantitative criteria. Bink
(1992) describes the mobility of the species in terms of the range of their orien-
tation behaviour and flight activity, sometimes adding information about the
size of flight areas and distances covered. He introduced a classification for but-
terfly mobility that had nine classes ranging from the lifelong stay-at-home
remaining on one hectare to a migratory behaviour with individuals covering
distances of about 2000 km (Bink 1992).

This classification is not practical when assessing the mobility of a large
group of species as the data required for such a fine-scale classification are lack-
ing for most species. Dutch Butterfly Conservation used a rough classification
with only three categories in an earlier project, assessing the mobility of all
Dutch butterfly species by means of an inquiry carried out among butterfly
experts (Study Group Conservation of Butterflies 1989).
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In the present project, we propose a new classification (Table 1), mainly based
on the classification of Bink (1992), but with five classes, taking information
both from the literature and expert opinion.

Availability of mobility data

Quantitative methods for obtaining information on mobility were not consid-
ered feasible for a project of this size. Although ‘mark-release-recapture-experi-
ments’ have been applied to several butterfly species (see for instance Warren
1987, Baguette & Nève 1994, Brunzel & Reich 1996, Hill et al. 1996, Kuussaari et
al. 1996, Fischer 1998, Brommer & Fred 1999) and a few day-flying moth species
(Lüttmann 1987, Smolis & Gerken 1987), the fieldwork required is too intensive
for this number of species.

Another quantitative method for calculating dispersion ranges, applying sta-
tistical techniques to databases with records collected by volunteers (Cook et al.
2001), has the disadvantage of only being suitable for species occurring in very
specific habitats.

On the other hand, using qualitative criteria and collecting the corresponding
non-numerical data can provide a way of assessing the mobility value. Records
of the adult stage of a species outside its specific reproduction habitat, for exam-
ple, can be indicative of its wandering behaviour, thus providing important
information for mobility assessment. However, for such a large group of species
as the Dutch day-flying moths, no one type of data is available for use in one sin-
gle method. We have, therefore, developed a method for mobility assessment
that uses a broad range of data, laying the emphasis on qualitative data because
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Table 1. Classification of mobility based on the relationship of the adult stage to its lar-
val habitat and its degree of wandering behaviour.

Mobility Classification criteria Flight range Value
class Relationship to the Wandering behaviour

larval habitat
Very area- Restricted to larval None Very small 1
restricted habitat
Area- Foraging in adjacent Limited Small 2
restricted habitats
Moderately Foraging in non- Rather limited / Moderate 3
area-restricted adjacent habitats outbreaks depending 

on year
Wanderer Foraging far outside Wandering behaviour Considerable 4

larval habitat evident
Migrant Completion of life-cycle Migrant behaviour Extremely large 5

in an area far removed prominent
from larval habitat



of their greater availability. As main criterion we chose the relationship between
the occurrence of the species as caterpillar in its so-called larval habitat and its
whereabouts as imago in its so-called imaginal habitats (Table 1). This ranges
from the coincidence of both types of habitats to a total absence of any relation-
ship between them.

We classified species occurring both as caterpillar and imago exclusively in
their larval habitat as ‘very area-restricted’ and species that, although flying out-
side their larval habitat, only visit adjacent habitats, ‘area-restricted’. We cate-
gorised species visiting non-adjacent habitats at a relatively short distance from
the larval habitat as ‘moderately area-restricted’. Species occurring in diverse
habitats outside their reproduction habitat are classified as wanderers. Finally,
species that fly to geographically remote areas are called ‘migrants’. Moreover,
each class was defined in terms of wandering behaviour and the flight range of
the species, thus giving the classification a quantitative aspect.

First assessment: literature research

To acquire as much information as possible, we collected data from diverse liter-
ature sources relating to mobility in any form. These included anecdotal observa-
tions, reports of field recordings or results of systematic investigations (Ebert
1994-2000, Füldner 2000, Hausmann 1990, Lüttmann 1987, Novák & Severa 1983,
Pro Natura 1997, 2003, Robenz & Schaefer 1987, Smolis & Gerken 1987). However,
their significance with respect to mobility differed strongly. Therefore, the data
were first classified and arranged in a hierarchical scheme of categories and sub-
categories depending on their relationship to mobility, and their nature (Table 2).
The vertical arrangement reflects their relative significance for the assessment
and the horizontal arrangement the mutual similarities between the quantitative
and qualitative subcategories. Data directly related, that is bearing direct infor-
mation on mobility such as texts describing mobility and mean flight ranges or
distances covered, contribute most to the mobility assessment. We, therefore,
placed them in the topmost category DIRECT. The next category, called INDI-
RECT, contains data types which give implicit information about mobility. This
category is divided into three subcategories, the first and most important of
which pertains to the main criteria of the classification, that of the relationship
of the whereabouts of adult moth to the larval habitat and the wandering behav-
iour (Table 1). The two other subcategories contained complementary and anec-
dotal data. Both, the DIRECT and INDIRECT categories were further divided
according to whether the data were qualitative or quantitative.

The last category, INDICATIVE, is based on the assumption of the coher-
ence of diverse species characteristics in relation to the species’ life history. This
category was divided horizontally into ecological and behavioural data. For
example, a species adapted to pioneer vegetation will most probably dispose over
a well-developed mobility. Such information, therefore, can help assess the
mobility.
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After collecting all available information, we attributed a mobility value to each
species according to a mobility scale based on the five classes given in Table 1. We
then added a symbol in order to indicate the reliability of the mobility value of
each species (Table 3). For instance, Autographa gamma was placed in mobility
class ‘Migrant’ and therefore received a value 5. The amount of information
leading to this value was ample and thus the degree of evidence was categorised
wit a capital EE. Values for which there was less evidence received an ee, and with
very slight or no evidence a ?? (Table 3). As an example, in the list of mobility
values for all species (Table 5), the results of this reliability assessment are
shown by printing mobility values for which there is strong evidence found dur-
ing the first assessment, in bold in the first column.

Second and final assessment

After we had completed our literature research, we carried out an inquiry among a
number of moth experts in The Netherlands. A form was sent to 27 experts, con-
taining a list of all 119 day-flying moths with the values resulting from the first
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Table 2. Hierarchical scheme of categories for qualifying the significance of data from
the literature for assessing mobility.

Relation of data to mobility Data category
Qualitative Quantitative

Direct: Report of mobility Flight distances / flight area
Indirect Data concerning main criteria: Imaginal habitat versus Wandering behaviour

larval habitat 
Complementary data: Colonisation capacity Inventories on lightships 

and oil platforms
Anecdotal data: Occasional recordings Occasional recordings at 

outside larval habitat remote locations
Ecological Behaviour

Indicative: Succession stage of Flight capacity
vegetation of larval Mate searching behaviour
habitat

Ecological amplitude Oviposition behaviour
Polyfagy, oligofagy or Food intake / foraging 

monofagy behaviour of adult

Table 3. Symbols indicating degree of evidence for mobility values, based on amount of
information.

Degree of Evidence Amount of information Symbol
Sufficient / moderate Ample or adequate E
Little Poor e
Insufficient / lacking Scarce or absent ?



assessment, with the request to attribute mobility values to each species as far as
possible. In this way, the values already attributed in the first assessment could be
criticised, and missing values could be filled in. The response was about 50% (13
respondents). To establish the final mobility values, we calculated mean values
based on both assessments. Because of their differing degree of evidence, and there-
fore the difference in their contribution for the final assessed mobility values, the
values obtained from the assessments were processed disproportionally: high-evi-
dence and low-evidence values from the literature assessment were counted respec-
tively four and two times the inquiry values. The values with their final evidence,
together with the numbers of responding moth experts, are presented in Table 5.

RREESSUULLTTSS AANNDD DDIISSCCUUSSSSIIOONN
Degree of evidence

As can be seen in Figure 1, after the first assessment, about 40% of the species
could be placed with at least a sufficient degree of evidence (E) in a mobility
class. This means that the literature had provided enough information for the
estimate to be considered reliable. There was a little degree of evidence (e) for
the mobility values given to a little more than 10% of the species. However, for
nearly 50% of the species either no, or very little, information on mobility could
be found (?). During the assessment from the expert inquiry, the degree of evi-
dence was defined in a different way, because only expert judgement was
involved and no literature. Therefore, we considered a mean based on six or
more respondent values with a relatively small variance as a high-evidence value
(E). In the case of a high variance, that is, with very different mobility values
from six or more moth experts, we gave a lower evidence value (e), as also for
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Figure 1. Distribution of the mobility values attributed to 119 day-flying moth species
over three evidence classes after the first and final assessment: black area values are
based on sufficient or moderate evidence, grey on little evidence. The blank area repre-
sents lacking or insufficient evidence values. For further explanation of the evidence
classes, see Table 3.



species with only five respondents. The lowest degree of evidence (?) was given
to species for which there were four or less respondents.

Table 4 shows the numbers of species per mobility class, based on the assess-
ments both from literature research and the expert inquiry. The values from
both these assessments were combined to produce the final mobility value. After
the second assessment, all species had received a mobility value (Fig. 2).
However, because of the number of values attributed by the respondents was
very small, some species still lacked enough evidence for a place in one of the
two main evidence classes (E and e) (Table 4). Nevertheless, in the results of the
final assessment, we included mobility values that are uncertain (?), aiming to
give at least an indicative mobility value for these species. Total numbers after
the final assessment per mobility class are presented in Figure 2.

J. VAN DER MEULEN & D. GROENENDIJK

43

0

10

20

30

40

50

60

1 2 3 4 5 ?

Mobility class

N
u

m
b

e
r 

(%
)

Figure 2. Number of species in each mobility class, as a percentage of the 119 day-flying
species, after first assessment (grey bars) and final assessment (black bars).
Classification of mobility is given in Table 1. The question mark represents the class
‘unknown’.

Table 4. Number of species per mobility class (Table 1) resulting from the first assess-
ment (literature research) and the second assessment (expert inquiry) and their combi-
nation (final assessment), classified per evidence class. For the explanation of the sym-
bols, see Table 3 and the main text. The total number of species involved is 119.

Mobility value First assessment Second assessment Final assessment
E e ? E e ? E e ?

1 5 2 - - - - 4 1 1
2 7 2 - 1 8 - 9 13 14
3 24 7 - 10 14 - 34 19 7
4 3 3 - - 1 - 3 4 -
5 10 - - - - - 10 - -
Total 49 14 56 11 23 51 60 37 22



As can be noted from the total number of species per evidence class, the
degree of evidence had increased considerably after processing the results of the
second assessment. This shift in the distribution of attributed values of all
species over the three evidence classes can be seen in Figure 1 as well, showing
50% of the species finally possessing a moderate to high degree of evidence, 30%
a low degree of evidence and only 20% still lacking sufficient evidence to receive
a reliable value.

Mobility values

The mobility values from both the first and final assessment are listed in Table 5
for each species separately. The values from the expert inquiry are also given,
together with the number of respondent values they were based upon. As can be
seen, the respondents only gave a few alternatives to the mobility values from
the first assessment, indicating the reliability of values based on the literature.
This conclusion is supported by the fact that the species that had already been
given a value from the literature assessment rarely received alternative values,
just one or two, at the most three. Moreover, the alternative value given by the
respondents was in most cases only one class lower or higher; a shift of two
classes lower or higher was only found in three species (Table 5). Some species
which received a mobility value 2 in the first assessment were assigned to class 3
by the respondents in the inquiry; this happened in the other direction, from
class 3 to class 2, to a greater extent. It seems that assigning a species to class 2
or 3 is a problem for most respondents, probably because the difference between
these classes is more subject to personal interpretation than between the outer
mobility classes. Because of the more objective information in the literature,
most mobility values from the literature assessment did not change during the
process of the second assessment, remaining the same in the final value.
However, in six species, the processed, final mobility value did differ from the
one from the literature assessment, as for example, in Lemonia dumi. Because of
the movement capability convincingly mentioned by Ebert (1994), we placed
this rare and distinctive day-flying species in mobility class 3. Nevertheless,
three different moth experts placed the species in mobility class 1, and therefore,
after processing, we placed it in mobility class 2.

Conclusions

The moth experts agreed with most mobility values from the literature assess-
ment, although they sometimes suggested minor changes. Moreover, the expert
judgement from the second assessment proved to be very helpful in filling in
values we were unable to attribute from the literature assessment, although the
degree of evidence was in this range of values not very strong. We conclude that
the most reliable estimate of the mobility of a moth species is obtained by com-
bining the ecological information related to mobility from a critical literature
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Table 5. Mobility values for 119 day-flying moth species, sorted per family, based on data
from literature research (first assessment) and expert inquiry (second assessment) and
the combined, final values. Mobility classification as given in Table 1. Bold figures indi-
cate a high or moderate degree of evidence, standard ones a low degree and italicized, a
very slight degree of evidence (see main text for further explanation). A dash in the first
column indicates insufficient or total lack of evidence. Blank spaces in the second col-
umn indicate that no alternative values were given. The number of respondents (n) is
given in brackets.

Species First assessment Second assessment Final value
Hepialidae

Triodia sylvina 2 3 (n=3) 2
Korscheltellus lupulina 2 3 (n=1) 2
Pharmacis fusconebulosa 2 2
Phymatopus hecta 2 2
Hepialus humuli 2 3 (n=1) 2

Limacodidae
Apoda limacodes 3 2 (n=2) 3
Heterogenea asella 1 1

Zygaenidae
Rhagades pruni - 2 (n=5) 2
Adscita statices - 2 (n=6) 2
Zygaena viciae 3 2 (n=1) 3
Zygaena filipendulae 3 2 (n=1) 3
Zygaena trifolii 1 1

Sesiidae
Pennisetia hylaeiformis 3 3
Sesia apiformis 3 3
Sesia bembeciformis 3 3
Paranthrene tabaniformis 3 3
Synanthedon spheciformis 3 3
Synanthedon culiciformis 3 3
Synanthedon formicaeformis - 3 (n=7) 3
Synanthedon vespiformis 3 3
Synanthedon myopaeformis - 3 (n=5) 3
Synanthedon tipuliformis - 3 (n=4) 3
Bembecia ichneumoniformis - 2 (n=2) 2
Chamaesphecia tenthrediniformis 1 1
Chamaesphecia empiformis - 2 (n=3) 2

Thyrididae
Thyris fenestrella 1 1

Lasiocampidae
Lasiocampa trifolii 3 2 (n=2) 3
Lasiocampa quercus - 3 (n=9) 3
Macrothylacia rubi 3 3

Endromidae
Endromis versicolora 2 2



CONSERVATION BIOLOGY

46

Table 5. Continued.

Species First assessment Second assessment Final value
Saturnidae

Aglia tau 3 2 (n=2) 2
Saturnia pavonia 3 2 (n=2) 3
Lemonia dumi 3 1 (n=3) 2

Sphingidae
Hemaris tityus 3 1 (n=1) 2
Hemaris fuciformis 4 3 (n=1) 4
Macroglossum stellatarum 5 5

Drepanidae
Watsonalla binaria - 3 (n=7) 3
Watsonalla cultraria - 3 (n=7) 3

Geometridae
Archiearis parthenias 3 2 (n=1) 3
Archiearis notha 3 2 (n=1) 3
Chiasmia clathrata - 3 (n=10) 3
Isturgia limbaria - 2 (n=6) 2
Itame brunneata - 3 (n=4) 3
Cepphis advenaria - 3 (n=5) 3
Pseudopanthera macularia - 2 (n=6) 3
Selidosema brunnearia - 2 (n=4) 2
Ematurga atomaria - 3 (n=8) 3
Bupalus piniaria - 4 (n=9) 4
Siona lineata - 2 (n=5) 2
Aspitates ochrearia - 2 (n=5) 2
Perconia strigillaria - 3 (n=6) 3
Scopula ternata 3 2 (n=1) 3
Idaea muricata - 2 (n=5) 2
Idaea humiliata - 2 (n=4) 2
Lythria cruentaria - 3 (n=6) 3
Phibalapteryx virgata - 3 (n=2) 3
Xanthorhoe biriviata 2 3 (n=1) 2
Epirrhoe tristata - 3 (n=6) 3
Costaconvexa polygrammata - 2 (n=4) 2
Plemyria rubiginata - 3 (n=7) 3
Rheumaptera hastata - 3 (n=3) 3
Perizoma blandiata - 1 (n=3) 1
Perizoma albulata - 2 (n=7) 2
Perizoma didymata - 3 (n=6) 3
Eupithecia pygmaeata - 2 (n=3) 2
Odezia atrata 4 4
Asthena albulata - 2 (n=2) 2
Minoa murinata - 2 (n=3) 2

Notodontidae
Clostera pigra - 2 (n=3) 2
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Table 5. Continued.

Species First assessment Second assessment Final value
Noctuidae

Hypenodes humidalis - 2 (n=7) 2
Tyta luctuosa 5 5
Callistege mi - 3 (n=10) 3
Euclidia glyphica - 3 (n=7) 3
Phytometra viridaria - 2 (n=4) 2
Rivula sericealis - 3 (n=8) 3
Diachrysia chryson 2 4 (n=2) 3
Macdunnoughia confusa 4 4
Plusia festucae 3 3
Plusia putnami - 3 (n=7) 3
Autographa gamma 5 5
Autographa bractea 5 5
Syngrapha interrogationis 5 5
Acontia lucida 5 5
Deltote uncula 3 2 (n=1) 3
Deltote bankiana 4 3 (n=1) 4
Eublemma ostrina 5 5
Panemeria tenebrata - 2 (n=7) 2
Heliothis viriplaca 4 4
Heliothis maritima 4 4
Heliothis peltigera 5 5
Periphanes delphinii 5 5
Oligia fasciuncula 3 3
Mesoligia furuncula - 3 (n=7) 3
Amphipoea oculea - 3 (n=5) 3
Hydraecia petasitis 1 2 (n=1) 1
Celaena haworthii 2 2 (n=2) 2
Coenobia rufa 1 3 (n=2) 2
Anarta myrtilli 1 3 (n=1) 2
Hada plebeja 3 3
Sideridis albicolon - 3 (n=4) 3
Cerapteryx graminis - 3 (n=10) 3

Lymantriidae
Lymantria dispar 3 3 (n=2) 3
Orgyia recens 3 2 (n=1) 3
Orgyia antiqua 3 2 (n=2) 3
Orgyia antiquoides - 2 (n=7) 2

Arctiidae
Cybosia mesomella 3 3
Atolmis rubricollis - 3 (n=7) 3
Setina irrorella - 2 (n=3) 2
Spiris striata - 2 (n=3) 2
Utetheisa pulchella 5 5



review with judgement from an expert inquiry. We hope that the proposed val-
ues will be used by nature conservationists and moth ecologists in north-west-
ern Europe, and welcome any additional information on the mobility of the
species we have mentioned.
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