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Species traits predict island occupancy in noctuid moths
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Abstract Knowing how species’ traits relate to processes

that underlie occupancy patterns such as colonisation and

population persistence, is important for our understanding

of how species survive in fragmented and changing land-

scapes. We used automatic UV light-traps to sample noc-

tuid moths on two remote islands, and compared traits of

island occupants with those of a species pool from main-

land southeast Sweden. Widely distributed species, gener-

alist species, species with a long adult activity period and

species active late in the summer had higher probability of

occupancy on the remote islands. The results were con-

sistent between islands. The traits of host plant specificity

and species with an adult activity period during late sum-

mer remained robust and were statistically significant after

controlling for any possible phylogenetic bias. This indi-

cates that species exhibiting those traits survive better

when habitat and climate changes. It is crucial to include

our results in; (1) conservation planning, e.g. when devis-

ing conservation measures in fragmented landscapes; (2)

for predictions of future occupancy patterns; and (3) eco-

system impact assessments, e.g. the importance of moths as

pollinators, herbivores and being the functional link

between parasitoids, plants, consumers and predators.
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Introduction

Species survival in fragmented landscapes is influenced by

dispersal, colonisation success, and population persistence

(Fahrig and Merriam 1994). A general hypothesis is that

dispersal ability and width of environmental tolerance,

which is related to habitat availability, will largely influence

where a species occurs (Hanski 1999; Hill et al. 2001). Thus,

with the increasingly fragmented distribution of many key

habitats, species communities might be expected to become

dominated by widely distributed habitat generalists, which

are usually strong dispersers (Warren et al. 2001; Hill et al.

2002; Mattila et al. 2006, 2009). Whereas several studies

have addressed the relationship between life-history traits

and population trends in butterflies (Kotiaho et al. 2005;

Öckinger et al. 2006; Wenzel et al. 2006; Pöyry et al. 2009)

and carabid beetles (Desender et al. 2010), the relations

between species traits and occupancy patterns have yet to be

explored for many species groups.

Data on occupancy patterns from isolated true islands

can be important for improving our understanding of the

relationship between species’ traits and those processes

that determine occupancy patterns. It can be advantageous

to study island communities because they are easier to

define and they are surrounded by a homogenous matrix of

water, whereas mainland communities are embedded

within a more heterogeneous matrix, which may potentially
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bias the results (Bergman et al. 2004). A number of recent

studies have explored butterfly populations on islands with

respect to climate, rarity, range and endemism (Dapporto

and Dennis 2008; Dennis et al. 2008, 2010). Several

underlying factors are already known to affect population

dynamics on islands, e.g. area, latitude, altitude, isolation,

geology, biotope availability, land use, management and

age (MacArthur and Wilson 1967), and such background

knowledge lends further support to the use of true islands

as a suitable study system for investigating occupancy

patterns in relation to species traits.

Moths constitute a large proportion of the Lepidoptera

(Scoble 1988), and are an important food resource for many

birds and bats. However, the patterns, rates and causes of

movements, colonisation ability and population persistence

in moths are very poorly known (Woiwood and Stewart 1990;

New 2004). Because moths have a high ecological, economic

and conservation significance, it is important that we under-

stand their occupancy patterns (Shreeve 1995). In the present

study we investigate occupancy patterns, and record moth

species on two remote islands, using automatic light-traps.

We explore if the traits of body size, larval host plant speci-

ficity, habitat preferences, distribution area, length of flight

period, and adult activity period, can be used to predict island

occupancy in noctuid moths. We compare the traits of moths

recorded on the two islands with those of a mainland species

pool of assumed potential colonisers, in order to explore the

patterns that lay behind island occupancy.

Recent studies have shown that large species (Nieminen

et al. 1999; Gathmann and Tscharntke 2002; Öckinger et al.

2010), and species with large distribution areas (Mace and

Kershaw 1997), are strong dispersers and are potentially

more able to reach isolated islands. Species with a long flight

period should have a greater chance of colonising such

islands, as well as species that are active in late summer

when high temperatures enhance movements (Sparks et al.

2005, Betzholtz and Franzén in press). Finally, several

studies have shown a recent decline among specialist species

(Kotiaho et al. 2005; Nilsson et al. 2008; Pöyry et al. 2009),

suggesting that such species are unlikely to reach, or become

successfully established, on isolated islands. Therefore, we

expect large species, species with a large distribution area,

species with a long flight period, species active in late

summer, and habitat generalists as well as host plant gen-

eralists, to be over-represented on the studied islands.

Materials and methods

Study area and design

Utklippan is a small island (9 ha) of primary rocks, situated

at the southeast corner of the Karlskrona archipelago in

southeast Sweden (Fig. 1). The island is situated 8 km

from the archipelago and 16 km from the province of

Blekinge on the Swedish mainland. The vegetation on

Utklippan is sparse, restricted to crevices in the rocks, with

only a few isolated bushes and trees (Mattsson 1976).

Gotska Sandön is an island of 3600 ha, situated 40 km

north of the Baltic island Gotland and about 100 km east of

the Swedish mainland (Fig. 1). The major part of the island

is covered with pine forest. Calluna vulgaris dominates the

lower vegetation. Areas with high flower richness are rare,

and sand-dunes form the perimeter of the island. Only

small patches with deciduous forests, shrubs and grassland

habitats occur on the island (Lindgren 1968; Jonasson

2002). On both islands, the local climate is harsh compared

to the mainland of Sweden, being characterised by lower

temperatures, stronger winds and salt spray.

The species pool of assumed potential colonisers

(n = 360) was defined as those species occurring in any of

the surrounding provinces Scania, Blekinge, Småland,

Öland, Gotland, Östergötland and Södermanland in

southeast Sweden (Fig. 1). Besides being the most proba-

ble origin of the species recorded on the islands, the moth

fauna of this area, and their distribution, is well docu-

mented (Svensson et al. 1994). We therefore consider the

demarcation of the species pool to southeast Sweden as a

conservative measure in our analyses. Furthermore, the

selected species pool is strongly correlated to that of other

areas surrounding the Baltic Sea. All of the selected

Fig. 1 Map of the study area. The two remote islands, Gotska Sandön

and Utklippan, are denoted by crosses. Species recorded in any of the

provinces Scania, Blekinge, Småland, Öland, Gotland, Östergötland

and Södermanland constitute the potential species pool
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noctuid moths are similarly attracted to UV light-sources

(Scoble 1988).

We used automatic Ryrholm light-traps (Söderman

1994) with a mercury vapour lamp (125 W Hg-bulb). On

Utklippan, one light-trap was operated from May to

October during 2004–2006; on Gotska Sandön, two

light-traps were operated from May to October 2008. The

Ryrholm light-trap is highly efficient at capturing noctuid

moths, and it has been shown to be more effective in

detecting species than other kind of light-traps used in

Finland and Great Britain (Leinonen et al. 1998). Data

from another locality in southern Sweden where light-traps

were used has shown that at least 85% of the total numbers

of recorded species were found in 1 year (M. Franzén,

unpublished data). Moreover, because light-traps are

operated during all the hours of darkness, regardless of

weather, they are particularly effective tools in scientific

studies and surveys. Surprisingly, even though the

Macrolepidopteran fauna of Gotska Sandön was considered

to be relatively well known before this study (Jonasson

2002; Lindeborg 2009), 59 Noctuidae species from the

light-trap catches in 2008 were recorded as being new to

the fauna of the island.

The phylogeny of the Noctuidae is not resolved (Fibiger

1993) and any correction for phylogenetic independence

(Harvey and Pagel 1991; Harvey and Purvis 1991) using an

unresolved phylogeny may result in an unreliable analysis.

Because the Noctuidae taxa are very diverse at the generic

level compared to other families of Macrolepidoptera, we

expect the phylogenetic dependence to be low. However,

we have explored the possibility of phylogenetic depen-

dence in the traits by analysing traits at both the species

and generic levels. We argue that our results are robust and

non-biased if the results are similar both at species and

generic levels. Sibling species were treated according to

our current knowledge of their ecology: Diachrysia tutti/

D. chrysitis and Hadena bicruruis/H. capsincula were

treated as separate species; Mesapamea secalis/M. didyma

and Euxoa tritici/E. nigrofusca/E. crypta were pooled. The

systematics follow Karsholt and Razowski (1996).

Analysed variables

Presence/absence data

From the defined species pool, we used the presence or

absence of each species and genus, on each island, as the

dependent variable.

Body size

We used the male wingspan (mm) as presented in Skou

(1991) and Emmet (1991) as a proxy for body size. We

arbitrarily decided to use the size of males, but since the

size of males and females is strongly correlated (e.g.

Mattila et al. 2008) this is unlikely to affect our results. At

the generic level, the mean wingspan of member species

was used.

Host plant specificity

We classified the larval host-plant specificity into three

classes: monophagous species that feed mainly on a single

plant species; oligophagous species that feed on a few plant

species (less than or equal to five), or which are restricted

to a particular genus or family of plants; and polyphagous

species that feed on several different plant species (six or

more) or genera. Information about food plants was

extracted from Emmet (1991), Svensson (1993) and

Huldén et al. (2000). When such information was not

consistent in the literature, the information stated in Huldén

et al. (2000) was used because this reference contains the

most reliable information about life-history traits for the

present study, being based on extensive studies of the

Finnish fauna, adjacent to Sweden. The number of host

plants used by each genus was summarized and classified

as stated above.

Habitat preference

Each species was classified according to its preferred

habitat in a broad sense. The following habitat classes were

used: habitat generalists (including species occurring in all

habitats); those of open habitats (grasslands and other open

areas); and those of deciduous forest and coniferous forest

habitats. The information of habitat preferences was

extracted from Emmet (1991), Skou (1991) and Huldén

et al. (2000) with some complementary data from Svensson

(1993). When different habitat preferences were stated for

the same species in different sources the information in

Huldén et al. (2000) was used. For each genus, the domi-

nant habitat of the species was selected. In the classifica-

tion for the analysis at the generic level, a genus was

classified as a generalist if it contained at least one gen-

eralist species.

Distribution area

For each species, we extracted the number of European

countries from which it had been recorded, according to

Karsholt and Razowski (1996). We used the number of

European countries because this is the most homogenous

data set available concerning species distributions. For

each genus we extracted the number of European countries

from which the genus has been recorded.
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Length of flight period

We used the average length of the flight period in weeks in

southern Sweden according to Svensson (1993). For spe-

cies with two generations, we summed the flight periods

because the longer the flight period, the greater the chance

for a movement to an island to occur. No multivoltine

species occur in the study area. For each genus the mean

length of flight period was used.

Adult activity period

We categorised species according to adult activity period

(following Svensson 1993) into late summer species and

others. Late summer species were restricted to the period

from August to September; others to the period from May

to July. For each genus, we classified a genus as being

active during late summer as stated above.

Island

To control for possible island effects we included island

(Gotska Sandön and Utklippan) as a factor in the statistical

analysis.

Number of species in the genus

The number of species in each genus was used as a

covariate to control for possible bias. Species-rich genera

might influence the trait classification because the presence

of one generalist species in a genus indicates it as being a

generalist genus, or the presence of one species with a large

distribution as being a genus with a large distribution area.

The variable ‘number of species in each genus’ was only

used in the analysis at the generic level.

Statistical analyses

We compared species traits of noctuid moths recorded on

two remote islands in the Baltic Sea, with the traits of the

species pool of assumed potential colonisers in southeast

Sweden. First, we explored possible collinearity between the

analysed variables using Pearson correlations (two tailed

significance). According to Agresti and Finlay (1986)

the independent variables were not strongly correlated

(Supplementary material 1). Thus we judged our analysed

traits to be independent. The relationship between occur-

rence data and traits was analysed in a multiple logistic

regression model including all two-way interactions with

presence or absence of the moth species on the two islands as

the binary response variable. We included island as a factor

in the analyses in order to determine if differences between

the two islands affected our results. We used a backward

elimination process (log likelihood ratio statistics) and

excluded parameters with the highest P-value for likelihood

ratios tests until the final most parsimonious model contained

the maximum number of significant variables at a = 0.05.

All variables that were included in a significant interaction

were also included as main effects. The final model was

compared with competing models by using Akaikes infor-

mation criteria. To disentangle interactions in the final

model, we split the data with the categorical variable in the

interaction and performed a second multiple logistic

regression. Significant categorical variables in the final

model were explored by a multinomial logistic regression.

Using the same procedure as described above, we also used

presence/absence of each genus as a dependent variable to

control for possible phylogenetic bias. In this analysis, the

number of species in each genus was included as a covariate

to control for possible bias from differences in the number of

species in the genus. All calculations were performed with

SPSS (version 17.0 for Windows; SPSS, Chicago, Illinois).

Results

148 species (87 genera) were recorded on Gotska Sandön,

and 98 species (58 genera) on Utklippan. 72 species and 19

genera occurred on both islands, giving a total of 174 (99

genera) separate species recorded on the two islands from

the potential mainland pool of 360 species (160 genera).

The traits, host plant specificity, habitat preference, distri-

bution area, length of flight period, adult activity period

and island, all predicted occupancy by noctuid moths

(Table 1). There was also an effect of the interaction

between length of flight period and habitat preference.

Species with a longer flight period (7.51 ± 0.19 weeks)

occurred to a significantly greater extent on the remote

islands compared to species with a shorter flight period

(6.33 ± 0.12) (Table 1). This result was not consistent

among the four habitat categories. Species with a longer

flight period, that were habitat generalists or associated with

coniferous forests, had a significantly greater island occu-

pancy compared to species associated with open habitats or

deciduous trees, which explains the interaction (Fig. 2;

Table 2). Polyphagous species had a significantly greater

occurrence on the islands than oligo-or monophagous spe-

cies (Fig. 3; Table 3). Species with a large European dis-

tribution (28.4 ± 0.33 countries) occurred to a significantly

greater extent than species with a more restricted distribution

(25.3 ± 0.29) (Table 1). Furthermore, species with an adult

activity period from August to September had a significantly

greater occurrence compared to species with an adult activity

period from May to July (Table 3). In the analysis control-

ling for any possible phylogenetic bias, the traits of host plant

specificity, and species with an adult activity period during
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late summer, remained statistically significant (Table 1).

There was no significant effect of body size.

Discussion

A number of other studies have investigated butterflies on

islands in relation to traits, but little attention has been

given to moths (Lindroth et al. 1973; Dennis et al. 2000,

2010; Dapporto and Dennis 2009, 2010). We found that

host plant specificity, distribution area, adult activity per-

iod, and the interaction between length of flight period and

habitat preference, all predicted island occupancy in noc-

tuid moths (Table 1). This indicates that these traits influ-

ence the processes that lay behind occupancy patterns, i.e.

dispersal, colonisation and population persistence. The

factor ‘island’ also affected the occupancy pattern, but

since ‘island’ was not included in any interaction it only

reflects the fact that the recorded species differed between

islands, which is consistent with the concept of island

biogeography (MacArthur and Wilson 1967). Even though

the two islands differ in area, distance from closest

potential species pool, and suitability for breeding, the

significant traits were consistent between islands, indicat-

ing a more general occupancy pattern in noctuid moths.

However, our results contradict previous studies showing

that the probability of occurrence on islands may vary

greatly in closely related organisms with superficially

similar traits (Dapporto and Dennis 2008).

Table 1 Final model of the multiple logistic regression with the

presence/absence of noctuid moth species on two remote islands, as a

function of the independent variables: body size, host plant specific-

ity, habitat preferences, distribution area, length of flight period and

adult activity period

Variable df Species Genus

Model log likelihood v2 P Model log likelihood v2 P

Body size ns ns

Host plant specificity 2 -382.00 29.31 \0.001 -158.23 9.97 0.004

Habitat preference 3 -372.54 10.37 0.016 ns

Distribution area 1 -378.01 21.32 \0.001 ns

Length of flight period 1 -369.48 4.27 0.039 ns

Adult activity period 1 -380.08 25.46 \0.001 -156.13 5.20 0.029

Island 1 -377.26 19.81 \0.001 -156.09 6.27 0.013

Length of flight period 9 habitat preference 3 -376.44 18.17 \0.001 ns

Number of species in genus -171.74 36.71 \0.001

The table shows two different analyses using both presence/absence of species and genus as the dependent variable. Genus was used to control

for possible phylogenetic bias (see ‘‘Methods’’ for details). All non-significant main variables and two-way interactions were omitted from the

model in a backwards elimination procedure. The final model was selected by Akaikes information criterion. All tests were performed with type-

3 likelihood ratio tests

Fig. 2 The interaction between the length of the flight period (in

weeks) and habitat preference. Habitat generalists or species associated

with coniferous forest had a significantly greater island occupancy

compared to species associated with open habitats or deciduous woods.

Filled circles denote species present; open circles denote species

absent. Error bars indicate the 95% confidence interval

Table 2 Multiple logistic regression of the presence/absence of

noctuid moth species on two remote islands to explore the significant

interactions between habitat preference and the length of flight period,

for each categorical predictor

Habitat preference B -2 Log likelihood v2 P

Habitat generalists 0.20 472.80 26.81 \0.01

Open habitats -0.08 215.01 0.95 0.33

Deciduous forest -0.15 190.67 2.94 0.01

Coniferous forest 1.69 14.34 12.58 0.03
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We found greater island occupancy in polyphagous

moths (Fig. 3). One possible explanation is that polypha-

gous moths can utilise more resources (host plants) than

oligo- and monophagous species (Woiwood and Stewart

1990; Nieminen et al. 1999; Dennis et al. 2004), and that

they are more abundant and widespread than specialist

species (Inkinen 1994). Monophagous species often occupy

relatively small proportions of the ranges of the host they

consume (New et al. 1995; León-Cortés et al. 2003; Hardy

et al. 2007). No relationship between host plant speciali-

sation and occupancy has been found among butterflies on

British islands (Dennis and Shreeve 1997). Instead, it is the

distribution of the host plant that is important, and butter-

flies occupying islands often had widespread host plants.

Indeed, it might not be possible to generalise from con-

clusions drawn from butterfly studies, because the pro-

portion of widespread species specialising on widespread

host plant species, such as Urtica dioica, is much larger in

butterflies ([5% of the community in southern Sweden;

modified from Svensson 1993) than in noctuid moths (\1%

of the community in southern Sweden; modified from

Svensson 1993). One theory is that the population vari-

ability is larger and more synchronised among mono- and

oligophagous species, which might reduce population

persistence (Dennis et al. 2004). Several host plants can

provide insurance for population survival by providing a

broader range of microsites for the pre-imaginal stages and

hence, can buffer species against a variety of climatic

extremes (Benton et al. 2003; Dennis et al. 2004; Piha et al.

2007; Dover and Settele 2009), as well as against mortality

caused by parasites, viruses and fungi (Wilson and Roy

2009).

Dennis and Shreeve (1997) showed that the incidence of

butterflies on British offshore islands is related to the width

of their geographical ranges. It can be expected that wide-

ranging species occur to a larger extent on the studied

islands compared with species having a more restricted

distribution (Gaston et al. 2000). We found that moths with

a large distribution area had a greater island occupancy

compared to moths with a more restricted distribution area.

Further, the probability of occupancy was greater for moths

active during late summer compared to species active in

other periods (Table 3). Higher temperatures during late

summer might enhance mobility (Betzholtz and Franzén in

press) and explain the greater occupancy by these species

(cf. Sparks et al. 2005, 2007). Species with a long adult

activity period had greater island occupancy than species

with a short activity period. The probability of coinciding

movement with suitable conditions increases with a longer

adult life span.

In our study the length of the flight period affected

island occupancy and differed among habitat categories,

explaining the significant interaction (Fig. 2; Table 1).

Habitat generalists or species associated with coniferous

forests had a significantly greater occupancy of islands

compared to species associated with open habitats or

deciduous woods. Habitat generalists may use a larger

proportion of resources and may therefore move around

more than habitat specialists (Brown 1984). Species asso-

ciated with coniferous forests may also benefit from the

increased areas of coniferous forest plantations in southern

Sweden, as well as from enhanced possibilities for move-

ments from there being more conifer woodland available,

and hence a greater pool of potential colonisers (cf. Conrad

et al. 2004). The low proportion of recorded species

associated with open land suggests that the loss of open

land that has occurred during the last 50 years has had a

severe impact on the numbers of populations of species

associated with this habitat. We are aware of the problems

caused by categorising species according to certain habitats

even though they may occupy and use resources in dif-

ferent habitats (e.g. nectar and host plants) (cf. Dennis et al.

2003). In the present study we use habitat in its broad sense

as being synonymous with biotope. An investigation of the

different resources utilized by the different species goes

beyond the scope of the present study, but based on their

larval development, noctuid species are relatively easy to

classify as having an affinity to one of the four habitat types

used in this study. Further steps could be taken to analyse

the fauna using a finer habitat resolution, and so take into

account the behavioral component of how species utilize

Fig. 3 Probability of island occupancy in noctuid moths in relation to

host plant specificity. Mono Monophagous, Oligo Oligophagous, Poly
Polyphagous. Error bars indicate the 95% confidence interval
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different resources (cf. Shreeve et al. 2001; Dennis 2010;

Shreeve and Dennis 2011).

We found no relation between body size and island

occupancy. Nieminen et al. (1999) did not find any rela-

tionship between body size and island occupancy in noctuid

moths either, although they did show a positive correlation

with dispersal. This result is consistent with a recent study on

mobility in noctuid moths, which also found no relation

between mobility and body size (Betzholtz and Franzen in

press). This indicates that processes other than dispersal are

likely to influence island occupancy, e.g. a successful col-

onisation, and persistence on the island (c.f. Dennis and

Shreeve 1997; Cook et al. 2001). The difference between the

results of the analyses at the species and generic levels was

small; but habitat preference, distribution area, and length of

flight time were not significant in the generic analysis. These

three variables are strongly influenced by the number of

species in the genus, hence this finding is not only dependent

on phylogeny. Because of the high number of genera in the

Noctuidae, and the variable number of species in each genus,

the phylogenetic dependence in traits can be expected to be

of minor importance here. Moreover, phylogenetic depen-

dence is mainly found at the taxonomic levels of order and

family (Stearns 1983), and rarely within families (Mattila

et al. 2008).

Implications for conservation

Species exhibiting the traits we found to be related to island

occupancy will have greater possibilities of colonizing, and

persisting, on islands and habitat fragments. Therefore

generalist species, species with large distributions, and

species active during late summer will have higher survival

probabilities in fragmented and changing landscapes

compared with specialist species, species with small dis-

tribution areas, and species not active late in the summer.

There is a widespread and ongoing decline of moths in

northwestern Europe (Conrad et al. 2006; Franzén and

Johannesson 2007; Groenendijk and Ellis 2010). In Sweden

70 noctuid species (16% of all noctuids) are red-listed

(Gärdenfors 2010), but on the studied island only four red-

listed species were found (1.6% of the fauna), and clearly

the red-listed species are under-represented on the studied

islands. Hence, the findings of this study, that certain traits

can be used to predict which species do or do not have the

capacity to occupy remote islands, could be very useful

when planning conservation measures.
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5164. Naturvårdsverket, Stockholm

Karsholt O, Razowski J (1996) The Lepidoptera of Europe—a

distributional checklist. Apollo books, Stenstrup

Kotiaho J, Kaitala V, Komonen A, Päivinen J (2005) Predicting the
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