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Variable history of land use reduces the relationship to specific
habitat requirements of a threatened aquatic insect
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Abstract The hutchinsonian realized niche of a species is

the most common tool for selecting the actions needed

when restoring habitats and establishing conservation areas

of species. However, defining the realized niche of a spe-

cies is problematic due to variation across spatial and

temporal scales. In this study we tested the hypothesis that

habitat parameters defining the realized niche of a species

can be derived from a regional study and that national

changes in land use influence the perception of the realized

niche across different landscapes. We described the real-

ized habitat niche of the threatened dragonfly Leucorrhinia

pectoralis, in four Estonian landscapes which all have

undergone more than 20 years of habitat degradations. We

recorded the presence/absence of L. pectoralis and mea-

sured 7 habitat variables for 140 lakes and ponds located in

one restored and three un-restored landscapes. Lake size

and proportion of short riparian vegetation were signifi-

cantly positive parameters determining the presence of L.

pectoralis across landscape types. The species was much

more habitat specific in the restored landscape, with larger

influence of other habitat parameters. Our data suggest that

the realized niche of the species in the un-restored land-

scapes was constrained by the present-day habitats. The

study demonstrate that if a species realized niche is derived

from local distribution patterns without incorporating

landscape history it can lead to an erroneous niche defini-

tion. We show that landscape restoration can provide

knowledge on a species’ habitat dependencies before

habitat degradation has occurred, provided that restoration

mitigation reflects the former landscape characteristics.

Keywords Biodiversity � Extinction debt � Hutchinsonian
realized niche � Natura 2000 � Odonata � Species
conservation

Introduction

Defining important local habitat characteristics in accor-

dance with the hutchinsonian realized niche concept of a

species (e.g., Jackson and Overpeck 2000; Colwell and

Rangel 2009) is the common tool used for selecting

appropriate actions for habitat restoration and establishment

of conservation areas of a species (Margules and Pressey

2000; Guisan and Thuiller 2005). This spatial template

referred to as ‘‘the habitat’’ contains the location where the

species undergoes its life cycle (Southwood 1977, 1988).

Thus, the habitat of a species is thereby defined by the

resources needed for a given individual to exist throughout

its different life stages (Dennis et al. 2003, 2014).
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Defining resource-based habitat requirements of a cer-

tain species can be problematic for at least three reasons.

Firstly, when the environmental niche varies across the

species’ geographical range (Pearman et al. 2008; Oliver

et al. 2009). Secondly, when the presence and abundance of

the species at the local scale is strongly influenced by

patterns and processes operating at higher spatial scales

(Moilanen and Hanski 1998; Iversen et al. 2013). Thirdly,

when the presence and abundance of the species is the

result of long-term historical changes in land use which are

complex and often not quantitatively documented (Foster

et al. 2003; Cramer et al. 2008). Defining habitat require-

ments from empirical data on species presence may be

straightforward if the distribution is in equilibrium with

requirements (Peterson et al. 2011). However, more often

factors not directly linked to the fundamental niche of the

species do affect species distributions, including biotic

interactions (Gotelli et al. 2010), extinction debt (Schurr

et al. 2012) and time constraints on colonization (Svenning

and Skov 2007; Baselga et al. 2012).

Consequently, local conservation actions should be

linked to habitat dependencies within each geographic area

(Ferrier 2002; Rannap et al. 2012), including the influence

on the realized niche of the present-day structures of the

landscape (Peterson et al. 2011) and historical changes of

land use (Lindborg and Eriksson 2004; Kuussaari et al.

2009). This broad-scale approach is recommended to avoid

that habitat requirements deduced from single sites can

lead to erroneous conclusions because of current and his-

torical effects of land uses and land use changes (Davis

et al. 1998; Pulliam 2000).

In order to encompass these problems, habitat require-

ments should ideally be derived from studies of several

landscapes within a region to distinguish between species

relations to specific habitat characteristics and to broad-

scale landscape properties (Margules and Pressey 2000).

For threatened and declining species this ideal analysis

would often require studies on all national or all indepen-

dent populations of the species (e.g., Heikkinen et al. 2007;

Thomaes et al. 2008; Brito et al. 2009). So far studies

exploring whether the specific habitat requirements of a

species at larger spatial scales are appropriate for local

conservation management are seldomly reported, because

they require a priory knowledge of the species ecological

niche within the region (Pulliam 2000).

In this study we tested the hypothesis that habitat

parameters defining the realized niche of a threatened spe-

cies can be derived from a regional study. We also analyzed

whether national changes in land use influence the realized

niche in a significant manner across different landscapes of

a region. This was done by exploring the distribution and

breeding-habitat choices of the threatened dragonfly Leuc-

orrhinia pectoralis (Charpentier 1825) in four designated

conservation areas in the eastern part of Estonia (Fig. 1).

These areas have all experienced changes in land use during

the last 25 years, because of national changes in political,

Fig. 1 Study areas in the

restored landscape (in grey) and

three un-restored landscapes (in

black) in Estonia. Number of

lakes and ponds (n) is depicted
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economical, and social structures (Peterson and Aunap

1998). To counteract negative effects on the ponds and

small lakes from these changes of land use (e.g., secondary

succession and afforestation of the cultivated areas), large

scale conservation actions have been conducted during the

last 10 years (Rannap et al. 2009).

The regional landscape history is used to test whether

the habitat dependencies of the species derived from the

un-restored landscapes reflect an ecological niche of L.

pectoralis in an equilibrium state. This is done by com-

paring habitat dependencies between the un-restored

landscapes and restored landscapes.

Methods

Study species and study sites

Leucorrhinia pectoralis (Charpentier 1825) (Odonata,

Libellulidae) is the largest of five European species in the

genus. Individuals range from 32 to 39 mm in body length.

The larvae are fully aquatic with a one- to two-year life

cycle (Brauner 2006; Corbet et al. 2006) with adult

emergence between spring and early summer (Dijkstra and

Lewington 2006). The species primarily inhabits sun-ex-

posed mesotrophic and slightly eutrophic waters with well-

developed riparian and aquatic vegetation (Schorr 1990;

Sternberg et al. 2000). However, the species seems to be

present in a wide range of different aquatic habitats. The

species’ ecological niche across its distribution range is not

well known (Foster 1996). It is often found in heteroge-

neous landscapes of mixed land use classes of forest and

extensive agriculture (Foster 1996). The species is dis-

tributed throughout Central and Northern Europe, though

the populations are often small and spatially isolated (Di-

jkstra and Lewington 2006). During the 20th century, L.

pectoralis has declined dramatically in its presence and

abundance, mainly because of the destruction of freshwater

habitats (Sahlén et al. 2004). Therefore, the species has

been included in the Annexes II and IV of the EU Habitats

Directive, given it a status as one of the most protected

insects within the European Union (Council of the Euro-

pean Union 1992).

The study was conducted in four nature reserves, in the

northern, eastern and southern parts of Estonia (Fig. 1).

Varangu Nature Protected Area (NPA) (59�030N, 26�100E)
is the northernmost study site, located on the north-western

slope of the Pandivere Upland, the highest bedrock upland

in Estonia. Varangu NPA (total area 104.2 ha) is mainly

covered by pine Pinus sylvestris and spruce Picea abies

forests of varying soil humidity. An abandoned chalk

quarry, making up nearly 25 % of the reserve, provides

open environment and oligotrophic ponds and lakes.

Emajõe-Suursoo NPA (58�220N, 27�120E) is located at

the inlet of the Emajõgi River, into Lake Peipus. Emajõe-

Suursoo is one of the oldest and largest delta swamps

(20,000 ha) in Estonia. Within the nature reserve there are

flooded marshes, lakes, fens and small ponds in the agri-

cultural areas at the outskirts and along settlements in the

central part of the nature reserve.

Karula National Park (NP) (57�420N, 26�290E) makes up

nearly a third (12,300 ha) of Karula Upland. The area has a

hummocky topography between the hills and is covered

with woodlands, fields and meadows. Several bogs, mires

and beaver floods are present. Also several lakes and

human-created ponds are found in the reserve.

Haanja Landscape Protected Areas (LPA) (57�430N,
27�200E) is a large LPA (total area 16,900 ha) in southern

Estonia. The hummocky moraine landscape represents a

mosaic of forests (45 %), grasslands (21 %) and small

extensively used farmlands. Lakes, ponds, swamps and

small bogs are situated in depressions and valleys between

the hills (Rannap et al. 2009).

During the lasts 20 years the cultivation of these four

areas has been abandoned due to national changes in

political, economic, and social structure following the

independence of Estonia in 1991 (Peterson and Aunap

1998). These changes led to secondary succession and

afforestation of many former cultivated areas (Vares et al.

2001; Soo et al. 2009). Landscape changes have led to a

loss of farmland ponds and standing waters associated with

open land use practices in all four study areas (Rannap,

unpublished data). Therefore large scale conservation

actions were initiated to reactivate and create lost aquatic

habitats in Haanja LPA and reestablish the former mixed

use of the area (Rannap et al. 2009). From 2005 to 2008,

139 ponds (8.2 ponds/km2) were restored within the LPA.

In total 25 % of the ponds and the surrounding terrestrial

habitat within Haanja were restored. Partial or completely

overgrown ponds were cleaned from bushes and high dense

vegetation and mud sediment. In order to recreate the

shallow littoral zones the banks were levelled and very

small ponds were enlarged.

The large lakes in each study area act as population

sources to the surrounding landscape according to Wil-

dermuth (1993) and in agreement with the concept of

source-sink populations (Pulliam 1988). Determining

habitat dependence based on the contemporary distribution

of the species might be over- or underestimated due to the

presence of sink sub-populations not contributing to the

persistence of the species in the landscape (Beale and

Lennon 2012). Nonetheless, the smaller breeding habitats

do not act as true sink habitats because L. pectoralis is

known from several areas to sustain a viable population

within systems of exclusively small ponds (Toth 1983;

Dolný and Harabiš 2012). This knowledge considered,
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combined with the use of breeding sites of the species in

our study, we do expect that the ‘‘presence’’ sites contain

true breeding habitats, with a low amount of marginal

habitats, potentially confounding the niche determination

of the species (Pulliam 2000).

Data collection

A total of 140 localities were investigated during the first

half of June in 2010 (un-restored landscapes) and 2011

(restored landscape). In each study area, sites were selected

at random without any prior knowledge of the presence of

the study species. Sites were omitted if directly intercon-

nected by waterways to a site already examined. A stan-

dard dip-netting method (Iversen et al. 2013) was used to

record breeding sites. The larvae of L. pectoralis were

actively searched for during 45 min at each site by

sweeping a hand dipnet (40 9 40 cm frame) through

vegetation and surface sediment. Also, the riparian vege-

tation was searched for larvae exuviae of the species.

Thereby, the species was recorded as either present or

absent at each site. To rule out skill-related sampling bias,

all fieldwork was carried out by the same person (LLI).

Absence localities established by a 45 min active search

should represent a true absence of L. pectoralis. In a study

of 50 Swedish lakes, comparable to the Estonian lakes in

their physical appearance, all records of L. pectoralis were

obtained within the first 40 min of a 90 min long search

time [Fig. S1 in Electronic Supplementary Materials

(ESM)]. Thus, the likelihood of false negative results

during the 45 min-long search period of this study is

probably very small. Sampling across two generations of L.

pectoralis might be problematic if a certain study year

contained seasonal extremes creating abrupt changes in the

size of populations. Such changes in North European

dragonflies have been linked to average temperatures dur-

ing spring and summer months respectively (Dingemanse

and Kalkman 2008). Within the timespan of the two gen-

erations studied (2009–2011), we did not see any seasonal

differences in average temperatures in the spring or sum-

mer months (Section S1 in ESM). Therefore, we do not

expect great changes in the local populations studied, due

to climatic variations between two sampling years.

Habitat descriptions were conducted along with the

collection of species data. Instead of recording fluctuating

water-chemistry variables, we focused on more

stable physical and biological variables. Related to known

habitat dependencies of L. pectoralis (summarized in

Foster 1996; Sternberg et al. 2000) seven habitat characters

were assessed at each study site. They included habitat

characteristics related to sun exposure and water tempera-

ture [(1) shading from surrounding trees (%) and (2)

minimum edge slope]; larval habitat [(3) submerged

vegetation (%), (4) floating vegetation (%), and (5) riparian

vegetation (%)]; adult breeding habitat [(6) vegetation

higher than 1 m (%)] and site stability [(7) Lake surface

area] (Table S1 in ESM). These variables relate to the

ecological resources needed by L. pectoralis to complete its

lifecycle within the breeding site. Aquatic vegetation cover

is linked to shelter and potential foraging ground for the

larvae. Emergent vegetation enables the creation of

breeding territories between males and offers protection

from other more aggressive dragonfly species. Shading and

the slope of the bank edges are linked to water temperature

of the breeding sites because extensive zones with shallow

water and high sun exposure create areas with high water

temperatures suitable for larval growth. At each site,

shading was defined as the percentage of the shoreline

having standing threes of more than two meter in height,

present within three meters from the shoreline. The edge of

the bank slopes (�) was estimated for each of the four

cardinal banks. Larval and adult habitats were obtained by

visually estimating the percentage vegetation cover of the

total lake surface area. Surface area of ponds (\0.5 ha) was

measured in the field, while lakes ([0.5 ha) were measured

prior to the fieldwork, using high resolution orthophotos.

Statistical methods

For both landscape types initial logistic regression models

were established including all seven habitat variables as

explanatory variables and presence of L. pectoralis as the

dependent variable. Prior to this first selection step, lake

area was log-transformed to ensure that the probability of

L. pectoralis is presence would be zero when lake area is

zero. Model selection and parameter reduction then fol-

lowed two selection steps.

Firstly, all possible sub-models, created from the initial

models, were evaluated based on second-order Akaike

information criterion (AICc) values. This included an

evaluation of 127 different combinations of the seven

habitat descriptors plus the null model for the un-restored

and restored areas separately (Table S2 in ESM). We used

AICc and not AIC to evaluate the different sub-models due

to the low ratio between number of samples and number of

parameters (Symonds and Moussalli 2011). For the un-

restored and restored areas, the sub-models within two

units of the model with the lowest AICc value were iden-

tified (Burnham and Anderson 2002). Parameters in the

2DAICc selected models were chosen for further analysis,

while parameters not present in any of the 2DAICc models

were omitted.

Using these parameters we conducted, a second model

reduction based on the effects of the explanatory variables

on the presence of L. pectoralis. We tested for a linear

relationship on a log-odds scale in a multiple logistic
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regression model containing the 2DAICc selected parame-

ters. The models followed a stepwise reduction until only

variables with a significant effect on the model result

remained. All P values corresponding to likelihood ratio

tests and the effect of the explanatory variables were

evaluated at a 5 % significance level. An initial data

exploration showed no relationship between the explana-

tory variables reducing the possibility of errors caused by

colinearity among explanatory variables (Whittingham

et al. 2006; Stephens et al. 2007).

It could be argued that the un-restored landscape model

should account for differences among the three study areas

(Fig. 1), for example in a mixed model environment.

However, we chose not to incorporate the study area into

the models since we wanted to describe habitat depen-

dencies of L. pectoralis across the study areas. Parameter

estimation becomes conditional when incorporating ran-

dom effects in a logistic regression model (Agresti 2010).

In our case this would restrict the parameter estimation to

be within and not between each of the study areas.

Moreover, we tested whether potential differences in

habitat relationships of L. pectoralis between un-restored

and restored landscapes were not just simple artifacts of

differences between the two landscape types. This was

done by creating null models for each area describing the

relationship between the significant parameters and a ran-

dom distribution of L. pectoralis. The null models used the

observed site occupation frequency of L. pectoralis in both

landscape types and randomly assigned these to the

observed environmental variables in each area. In a mul-

tiple logistic regression model the combined effect of the

selected variables and landscape type on the presence of L.

pectoralis was tested by a likelihood ratio test. A signifi-

cant effect modification in this model would indicate that

the differences in L. pectoralis’ response to a given

parameter, might just as likely be due to random patterns

caused by general differences among the two landscape

types. Average P values and corresponding 95 % CI were

generated based on 1000 null-model iterations.

The individual explanation power offered by the inde-

pendent variables in the two landscape types was quantified

by a hierarchical partitioning analysis. Hereby, the inde-

pendent contribution of a single variable and the joined

contribution with other variables can be quantified (Chevan

and Sutherland 1991; Mac Nally 2002). Variables selected

in the first model reduction step were chosen as having

potential independent explanation power and they were

included in the analyses of hierarchical partitioning (Mac

Nally and Walsh 2004).

We evaluated the predictive power of the models using

receiver operating characteristics (ROC curves, Robin et al.

2011). For each landscape type we produced ROC curves

based on a model containing only parameters with

significant individual effect on the presence of L. pectoralis

and a model containing the 2DAICc selected parameters.

Differences between the predictive abilities among models

within landscapes were evaluated based on their AICc

values using a method for paired ROC-curves (DeLong

et al. 1988).

All statistical analyses were performed in R v. 3.0.2

(http://www.r-project.org).

Results

Leucorrhinia pectoralis was found in 43 % (33 of 76) of

the visited sites in the un-restored landscapes and in 51 %

(33 of 64) of the sites in the restored landscape. The

occupation frequency confirmed that the species was not

significantly more abundant in one landscape type than in

the other (v2 test, P = 0.29).

By reducing parameters from the initial models using

the 2DAICc selected sub-models, the amount of shading

and tall vegetation ([1 m) in the un-restored landscape and

the amount of floating vegetation and tall vegetation in the

restored landscape were omitted from further analysis. The

single-step model reduction revealed that only lake size

and the amount of riparian vegetation (veg.\ 1 m tall) had

a significant effect on the presence of L. pectoralis in both

areas (Table 1). Also, there was no combined effect of lake

surface area and percentage of riparian vegetation in any of

the landscapes (Un-restored landscapes P = 0.84; Restored

landscape P = 0.10).

When comparing the individual explanation power from

the different parameters by hierarchical partitioning anal-

ysis, differences between the two landscape types appeared

(Fig. 2). In the un-restored landscape, lake surface area had

the main individual effect on the presence of L. pectoralis

(71 % in the 2DAICc selected model). Among the other

parameters, only short riparian vegetation (\1 m) con-

tributed with more than 10 % (i.e., 15 %) of individual

explanation power, while the other parameters had little

individual effect. In contrast, parameters in the restored

landscape had a more equal individual explanation power

in the 2DAICc selected model (Fig. 2). Although lake

surface area still had the highest individual explanation

power (35 %), short riparian vegetation (25 %) and shad-

ing (13 %) in combination contributed with slightly more

explanation power than lake size alone. All parameters

selected in the 2DAICc model in the restored landscape had

more than 5 % of individual explanation power compared

to the model for the un-restored landscape where only two

parameters (size and amount of riparian vegetation)

exceeded 5 % explanation power.

Both lake surface area and the proportion of riparian

vegetation had a positive effect on the presence of L.
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pectoralis (Fig. 3). Examining the highest gain in the

likelihood of L. pectoralis’ presence at a probability level

of 0.5 in Fig. 3, differences between the two landscape

types appeared. In the restored landscape the highest gain

in probability of being present deriving from larger locality

size occurred in significantly smaller lakes and ponds

(0.05 ha [0.01; 0.20] (mean and 95 % CL)) compared to

the un-restored landscape (0.79 ha [0.30; 2.40]). The

influence of riparian vegetation on the presence of L.

pectoralis showed the same tendencies (i.e., that the

highest gain in probability occurred at a lower amount of

riparian vegetation in the un-restored landscape compared

to the restored). However, this difference was not signifi-

cant between landscape types (Fig. 3). The null-models did

not detect any random interaction effect between the

environmental variables and the two landscape types for

the presence of L. pectoralis in regard to lake surface area

(P = 0.45 [0.43; 0.46]) or proportion of riparian vegetation

(P = 0.57 [0.55; 0.58]). Thus, the differences between

landscapes in Figs. 2 and 3 are caused by differences in

habitat preferences of L. pectoralis in the two landscapes,

and are not artifacts of general differences between the un-

restored and restored landscape.

From the generated ROC-curves there was no difference

in the predictive power between the reduced model (AUC

= 0.84) and the 2DAICc selected model (AUC = 0.82) in

the un-restored landscape (z = -0.75, P = 0.45). In con-

trast, the 2DAICc selected model (AUC = 0.89) provided a

Table 1 Results of the stepwise

reduction of habitat variables in

the logistic regression models

accounting for the presence of

Leucorrhinia pecoralis in the

restored and un-restored

landscapes

Parameter Estimate 95 % CI Deviance AIC LRT Pr([Chi)

Un-restored landscapes

Intercept -5.97 (-9.14, -3.36) – – – –

log(surface area) 0.62 (0.32, 0.97) 93.88 97.88 19.6 <0.001

Floating vegetation – – 74.28 80.28 0.88 0.35

Submerged vegetation – – 73.4 81.4 1.12 0.29

Vegetation\ 1 m 0.03 (0.001, 0.06) 78.29 82.29 4.01 <0.05

Minimum edge slope – – 72.27 82.27 0.01 0.91

Restored landscape

Intercept -7.73 (-14.17, -3.22) – – – –

log(surface area) 1.11 (0.42, 2.13) 80.38 84.38 14.18 <0.001

Submerged vegetation – – 58.54 68.54 2.17 0.14

Vegetation\ 1 m 0.16 (0.05, 0.30) 75.44 79.44 9.24 <0.01

Shading – – 65.68 71.68 3.53 0.06

Minimum edge slope – – 62.16 70.16 3.62 0.06

Significant values are given in bold

Fig. 2 Independent

contributions (percentage of the

total independent explained

variance) of landscape predictor

variables in the 2DAICc

parameter selected models of

the restored landscape (white

bars) and un-restored

landscapes (black bars)
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better prediction compared to the model containing only

the significant parameters (AUC = 0.80) in the restored

landscape (z = -1.98, P\ 0.05). This finding supports the

results of the hierarchical partitioning analysis showing

that the distribution of L. pectoralis in the restored land-

scape is much more dependent on additional habitat char-

acteristics than just habitat size compared to its

predominant role in the un-restored landscape.

Discussion

Our results revealed that the same two habitat variables—

lake size and the proportion of short riparian vegetation—

are significantly positive parameters determining the pres-

ence of L. pectoralis in lakes in both the un-restored and

the restored Estonian landscapes. However, the relative

importance of the different variables varied greatly

between the two landscape types. The species was found to

be much more habitat specific when the ecological niche

was derived from the restored landscape.

The general positive effect of lake area on the presence

of L. pectoralis probably reflects the underlying relation-

ships between habitat size and population size and stability

(Connor et al. 2000; Dunstan and Johnson 2006). Overall,

larger lakes are more temporally stable compared to smaller

water bodies and their age and turnover time between dry

and water-filled stages are longer (Sand-Jensen and Staehr

2009; Staehr et al. 2012). Therefore, the timeframe during

which a species of a given fundamental niche exists,

increases with lake size. The positive relationship to the

proportion of riparian vegetation is more directly linked to

the ecology of L. pectoralis, that is the resources needed to

complete its life cycle (Dennis et al. 2003). The shallow

vegetation growing along the lake perimeter acts both as

larval feeding habitat, larval emergence site, and resting and

egg-laying site for the adults (Wildermuth 1992; Sternberg

et al. 2000). Therefore, this vegetation type supports major

stages and activities of the species’ life cycle.

Differences in the ecological niche between the two

landscape types could indicate that a shift from the niche

defined in the un-restored to the restored landscape enables

the species to occupy more diverse microhabitats in the

restored landscape. Alternatively, it could indicate, that the

niche defined in the un-restored landscape is constrained by

the present landscape properties, while the actual niche is

better reflected in the restored landscape. Thus, the full

habitat spectra in which L. pectoralis can sustain a breed-

ing population are not present within the un-restored

landscape causing the observed differences in the ecolog-

ical niche between the two landscapes. We have no data on

the ecological niche of the species in our study area prior to

the agricultural shifts in the early 1990s. However, we

believe that the niche defined in the restored landscape

comes closer to the actual (and historical) ecological niche

of the species in the region. When niche shifts occur, the

adaptation period often requires much longer time spans

([25 years) than the one available in the present study

(Pearman et al. 2008). Also, differences in survival and

reproductive output between the present habitats (i.e.,

between lakes and small ponds) are known to favor niche

stasis (Holt and Gomulkiewicz 2004; Pearman et al. 2008).

Fig. 3 Probability of presence of L. pectoralis in relation to locality size (left) and percentage of riparian vegetation (right). The central tendency

is shown by the solid line and 95 % confidence limits are shown as dotted lines
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Our finding that habitat dependencies of L. pectoralis

have lower explanation power in the un-restored than the

restored landscape (lower AICc values, Table S2 in ESM)

is evidence of delayed extinction, because past landscape

characteristics explain current species richness better than

present-day characteristics (Kuussaari et al. 2009). The

potential delayed extinction in the un-restored landscape

might cause an erroneous niche definition simply because

the distribution of the species is not in temporal equilib-

rium with the changing environment (Schurr et al. 2012).

Colwell and Rangel (2009) highlighted dispersal limi-

tation, lack of habitat characters in the contemporary bio-

tope, and species interactions as main reasons for the

mismatch between the realized and fundamental niche of a

species. In our study, parts of L. pectoralis’ fundamental

niche requirements are probably not available in the un-

restored landscape resulting in the mismatch between the

realized niche and the underlying fundamental niche. The

common dispersal distance of L. pectoralis is up to 27 km

(Jaeschke et al. 2013) compared to a maximum of 15 km

among study sites in the different study areas making it

unlikely that dispersal limitations should restrict the real-

ized niche. However, lower dispersal distances of the

individuals within the study sites are expected to accom-

pany afforestation because overview and flight possibility

are limited in forested areas (Chin and Taylor 2009).

This study does not define species interactions. They

could influence the realized niche of L. pectoralis, though

we do not suspect that species interactions are the main

reasons for the observed differences in the realized niche

between the two landscapes. Given that the same dragonfly

species communities are present across the study sites

(Martin 2013; L.L. Iversen, personal communication),

there is no reason to believe that there should be differ-

ences in interspecific dragonfly competition between the

two landscapes prior to habitat restoration of one of them.

This argument does not imply that there are no differences

in interspecific competition between the two landscapes

nowadays and that this could affect the realized niche

differently. However, it seems reasonable that these dif-

ferences would be closely linked to structural changes of

the restored landscape; i.e., changes in species interactions

caused by differences in habitat availability.

The conclusion based solely on the three un-restored

landscapes suggests that L. pectoralis becomes more of a

habitat generalist in Estonia, located in the central part of

its distribution range, than at the western European borders

of the range. However, the results obtained in the restored

Estonian landscape do suggest, that the species is much

more habitat specific here than in the un-restored land-

scape. The differences in preferences regarding locality

size (Fig. 3) and the dominant effect of size alone in un-

restored landscape contra the shared effect of size and

habitat parameters in the restored landscape in Estonia are

probably caused by the different history of land use

between the landscape types. Afforestation and abandon-

ment of extensive agricultural practices in the un-restored

landscape have probably lead to increased shading and

sedimentation caused by in-growth of emergent plants and

increased input of terrestrial material (Butler and Malanson

1995; Renwick 2006). Hence many ponds have become

unsuitable for L. pectoralis in the un-restored landscape

while the lakes still hold the species, simply due to their

larger size and slower rate of environmental and biological

deterioration. Reactivation of the old agricultural landscape

has created suitable habitat characteristics within the ponds

in the restored landscape, enabling L. pectoralis to re-oc-

cupy these breeding sites.

In summary our study demonstrates, firstly, the problems

of extracting relevant habitat components and defining a

species environmental niche from local species distribution,

and, secondly, the importance of incorporating landscape

history when defining the realized niche based on the

presence of a species according to local habitat character-

istics. If a species realized niche is derived from local

species distributions without incorporating landscape his-

tory it might lead to an erroneous niche definition. Ideally

ecological niches should be derived from preserved land-

scapes where the species distribution is in an equilibrium

state. However, such situations might not always be present,

especially not for declining or rare species restricted to a

few sites. One way to circumvent these problems is by using

landscape restorations to gain knowledge on the species

habitat dependencies before habitat degradation became

widespread. However, this can only be done if the restora-

tion mitigation changes the landscape towards its former

state and that the distribution of the species in focus have

been shaped by the former landscape.
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