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Abstract We use public records from 1980 to 2014 to

analyse survival of the EU Annex IV species Aeshna vir-

idis in Sweden, a dragonfly strongly associated with the

plant Stratiotes aloides. We clustered localities with S.

aloides based on assumed dispersal abilities of A. viridis,

using a dispersing radius of 2–100 km, calculating the

proportion of sites with S. aloides that A. viridis is able to

reach. If mean dispersal capability is high (40 km or above)

92.6 % or more of the localities are connected. For a good

disperser, the probability of long-time survival is good. We

further analysed the species richness of other Odonata and

aquatic plants at 98 localities from the dataset. A. viridis

co-occurred with more Odonata in the presence of S.

aloides and running water but not in lakes. S. aloides sites

had a higher number of other aquatic plants. Area had no

impact on the occurrence of the species. For the present

situation we surveyed 32 localities with known occurrence

of the species. Only half of the sites for S. aloides con-

tained any specimens while A. viridis occurred in the same

number of sites. The species co-occurred in only 8 of 32

sites. In four sites A. viridis larvae appeared among

Menyanthes trifoliata, Phragmites australis, Potamogeton

natans and Sphagnum spp., indicating that at high latitudes

A. viridis breeds among other species. Indirect monitoring

based only on S. aloides would underestimate the number

of populations of the dragonfly.

Keywords Annex IV � Egg laying habitat � Habitat

preferences � Metapopulation � Monitoring � Public

database

Introduction

Human activities have expanded and intensified under the

last centuries as industrial, agricultural and urban areas

have grown, initiating both structural and functional

changes on the environment (Smith et al. 1999). This has

resulted in habitat loss and fragmentation (Liao et al. 2013)

leading to substantial biodiversity loss (Scherr and

McNeely 2008; Raebel et al. 2012). In European forest and

farmland landscapes, intense land-use has resulted in a

homogenization of, especially, aquatic habitats (Wagner

et al. 2000; Thiere et al. 2009), leading to a pronounced

decline in biodiversity (Krebs et al. 1999; Benton et al.

2003; Koch et al. 2014). Freshwater ecosystems are par-

ticularly subject to ever-increasing anthropogenic pressure

(Ward 1998; Suhling et al. 2006).

Like all aquatic organisms, dragonflies (Odonata) have

suffered and declined severely throughout Europe in the

past half century (Keller et al. 2010; Kalkman et al. 2010,

2015). One of the foremost factors behind this decline is

the decreasing number of suitable water bodies for drag-

onfly reproduction (Keller et al. 2010; Raebel et al. 2012).

Being semi-aquatic insects, dragonflies oviposit in water-

courses, lakes, ponds and fens and their larval stage occurs

in water (Corbet 1999; Clausnitzer et al. 2009; Keller et al.

2010). Specialist species, which are particularly dependent

on specific habitat features, and therefore often rarely
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occurring, can easily go extinct if their habitat disappears

(Harabiš and Dolný 2012; Sahlén 2006a, b, c; Suutari et al.

2008).

One such specialist species suffering from habitat loss

and degradation, at least in the western parts of its dis-

tribution, is Aeshna viridis Eversmann 1836, a dragonfly

considered near threatened on the red list of European

dragonflies (Kalkman et al. 2010), but, due to many

populations in the north and the east of its range, listed as

‘least concern on’ the global red list (Sahlén 2006a). The

larva of this species is strongly associated with Stratiotes

aloides (Rantala et al. 2004; Suutari et al. 2008; de Vries

2010; Jaeschke et al. 2012; Kalkman et al. 2015), an

insect-plant association long known (e.g., Robert 1958)

and well studied. The rosette of the plant, with its spine-

covered leaves and its dense populations, makes a good

shelter for the larvae of the dragonfly both against fish

predation (Corbet 1999; Rantala et al. 2004), intraguild

predation and interference competition by larvae from

other dragonfly species (Corbet 1999; Hopper 2001;

Suutari et al. 2004).

Although often regarded as having a strict dependence

on S. aloides (Kalkman et al. 2015), it is known that female

A. viridis also, though rarely, use other water plants as egg-

laying substrate, e.g., Typha spp. and Sparganium spp.

(Rantala et al. 2004; Suutari et al. 2008). It has been shown

that larvae can be found among other plants, but only if S.

aloides is present in the same environment (Rantala et al.

2004). There are only a few reports from continental

Europe of A. viridis larvae being found in bodies of water

without S. aloides (e.g., Münchberg 1956; Robert 1958).

S. aloides is a water macrophyte with a rosette that

hibernates on the bottom of ponds, lakes and ditches

through the winter. The rosette rises to the surface in the

spring and then stays floating until the autumn when it

sinks to the bottom again (Smolders et al. 2003; Strzałek

and Koperski 2009), but in some populations the rosettes

remain submerged throughout the season (Renman 1989).

S. aloides is typically found in eu- and mesotrophic shallow

parts of stagnant streams, ponds, lakes and ditches.

Because there are mainly only female specimens growing

in northern temperate areas the reproduction is mainly

asexual; the mother plant sends out tillers and turions

which create dense populations (Nielsen and Borum 2008;

Strzałek and Koperski 2009; Smolders et al. 2003). The

special life strategy and asexual reproduction makes the

species sensitive to, among other things, eutrophication

caused by modern agriculture and changes in the hydro-

logical structure. The species is known to have declined in

Europe (and Sweden) during the last century (Smolders

et al. 2003; Rantala et al. 2004), recently declared extinct in

Spain (Aedo et al. 2015), but is not considered threatened

in Sweden (ArtDatabanken 2015). The reason for its

decline is often eutrophication with an accumulation of

organic material and intense growth of other aquatic plants.

The European Union Habitats Directive, approved by

the Council of the European Communities in 1992, is

together with the Birds Directive the main legislation in

Europe regarding policies for nature conservation. The

annexes list all protected habitats and species in the EU

(cf., e.g. Cardoso 2012). Most member states have adopted

annexes II and IV as national lists of protected species.

Further, these directives are the basis of the Natura 2000

network of protected areas in Europe for which member

states regularly report the status of annex species within the

areas covered by the directive (European Commission

2013a). The creation of the Natura 2000 network is con-

sidered one of the major actions for maintaining biodi-

versity on the European level (Cantarello and Newton

2008). This includes making standardized ecological

monitoring of Annex II an IV species legally binding for

the member states (Bock et al. 2005). Being an Annex IV

species, A. viridis has been monitored by field surveys in

Sweden where adults were observed and larvae are netted,

foremost at Natura 2000 sites (Sahlén 2006b), but the

methods are currently under revision. Such monitoring is

time consuming and, moreover, adults can only be studied

on sunny days when the species is on wing (Norling and

Sahlén 1997; Corbet 1999). In addition, to identify larvae

of this species a certain amount of knowledge of the colour

pattern variation of the larvae in the family is required.

Developing alternate and more straightforward methods to

monitor this and other species is therefore needed.

Looking in general at species monitoring programmes,

there is often a voluntary component with citizens report-

ing observations directly into a database (reviewed by

Tulloch et al. 2013) and datasets on species distribution are

frequently used to investigate species dispersal ability,

ecology and habitat choice in conservation management

(Pressey et al. 2007; Reside et al. 2011). Records in such

public databases often contain presence-only data, reported

by private individuals, universities or received when sci-

entific collections are digitized. As the data therefore is

gathered by different collectors and with different inten-

tions, methods and knowledge (Graham et al. 2004; Elith

et al. 2006; De Ornellas et al. 2011; Reside et al. 2011)

there may be bias or other errors in it, something to be

aware of when making decisions in conservation planning

(Graham et al. 2004; Rae et al. 2007; De Ornellas et al.

2011). Nevertheless, using publicly available datasets

could be a major advantage when monitoring A. viridis as

costs would be reduced, and the timing of surveys and good

weather as well as the need for taxonomic expertise for

identifying larvae can be discarded.

To test the possible use of public records for the mon-

itoring of A. viridis we did the following: We used all data
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available for A. viridis and S. aloides on the web-based

Species Information System to evaluate the overlap in

observations. Are the species observed at the same loca-

tions or are they not as strongly associated as previously

believed? Further, estimating different capabilities for

dispersal in A. viridis enabled us to investigate how many

populations of A. viridis there exists in Sweden today under

different dispersal scenarios. If the populations are con-

nected in a metapopulation structure they should have the

possibility to survive in a longer time perspective, in this

case based on the possibility of specimens to reach (other)

S. aloides populations. From the same dataset we also

evaluated other factors important for sites with or without

S. aloides, namely the size of the water bodies inhabited by

the species, the diversity at the sites (as measured by the

occurrence of other Odonata species) and the number of

water plants observed at the sites. As observations in a

database stretch over many years, the situation may look

different when viewed in a narrow time window. We

therefore sampled a number of known localities for the two

species to see how strong the association between them is

at present and at the same time note occurrence of the

dragonfly among other plants at sites without S. aloides.

Materials and methods

Data from the Species Observation System

We used data available on the Species Observation System,

a web-based and independent site for collecting sightings

of species, foremost in Sweden (Species Observation

System 2015). All Swedish records of A. viridis and S.

aloides up to 61� north in the system from January 1 1980

to December 31, 2014 were downloaded on January 31,

2015. In total 304 and 735 records respectively of the

species were available. Both sets of records were each

reported by between some 90 and 100 different persons,

organisations or county administrative boards. As reports

in the system are given coordinates during input there is no

consensus as to a single locality always getting the same

coordinates and records sometimes overlap by some tens of

metres up to a kilometre. When processing the records,

localities close to each other will therefore be superim-

posed, showing up as a single dot in the matrix, as will

observations from the same locality but from different

years.

From the records we were able to use 98 different

locations for A. viridis where we could obtain information

on the occurrence of other Odonata species and species of

aquatic plants, 35 with S. aloides present and 63 without.

We merged sites closer to each other than 2 km and

excluded all but five sites where no information on other

species was given.

Analysis of dispersal and occupancy

The dispersal ability of A. viridis has not been studied in

detail, as is the case with most Odonata. Studies on

Zygoptera (damselflies) have revealed that some species

rarely disperse at all (Watts et al. 2007), while others can

fly several kilometres. For Anisoptera (dragonflies) a study

on Leucorrhinia caudalis (Bolliger et al. 2011) noted dis-

persal at least over 5 km, independent of landscape struc-

tures, while Dolný et al. (2014) studying Sympetrum

depressiusculum, noted 1200 m as the longest dispersal

distance based on almost 2900 marked individuals. Larger

species are known to sometimes migrate many tens of

kilometres, sometimes several hundred (Ólafsson 1975;

Corbet 1999), the longest yearly expansion rate being

*80 km (Anax imperator moving north/east due to cli-

mate change; Flenner and Sahlén 2008). This constant

northern expansion might well correspond to the average

dispersal possibility of the species, certain individuals

probably moving much longer distances but rarely estab-

lishing colonies. Hence, we would expect, assuming A.

viridis to be a fairly mobile species, that 80 km should be

close to the upper dispersal range. We therefore chose five

possible mean dispersal ranges for the species: 2, 5, 20, 40

and 100 km, the longest one well over 80 km. As the

accuracy of the coordinates for A. viridis and S. aloides

allow for some variation, the lower dispersal range lies

within the expected distance should little or no dispersal

take place. Further, in these scenarios we assumed that the

normal condition for A. viridis is to inhabit waters where S.

aloides is present and, subsequently, coordinates for

observations of the dragonfly should not be farther away

from a S. aloides locality than 2, 5, 20, 40 and 100 km

respectively. In line with this reasoning, if there are other S.

aloides localities within these distances from the closest

one, A. viridis would have a continual possibility to dis-

perse in its successive generations. A possible range where

A. viridis can live and disperse would then constitute an

area whose outer shape is limited by the set distances to

localities where S. aloides is growing. Such an area may be

inhabited by A. viridis or not. We also assume that there are

no major barriers for dispersal within the area. Apart from

the big lakes which can easily be circumnavigated if not

transversed, all other terrain should not prevent dispersal in

a dragonfly (Bolliger et al. 2011).

We put forward a method to group or cluster the

localities with S. aloides together into meaningful com-

munities depending on the dispersal abilities of A. viridis.

The aggregation of S. aloides is based upon the dispersal
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distance r. Let �BrðxiÞ ¼ fx; jx� xij � rg be the closed ball

with the usual Euclidian norm j � j centred at location xi for

the ith observation of n at hand. Let I ¼ f1; 2; . . .; ng be the

index set of them, and make a disjoint partition of it into

index sets Jk ¼ fi; i 2 Ig forming m mutually disjoint

connected and maximized communities Sk ¼
S

i2Jk
�BrðxiÞ.

The process of forming the m communities is hierarchical

and m is not known or prescribed a priori. Also note that

fSkg is unique for a given r under the requirements given.

We present results for dispersing radius r = 2, 5, 20, 40

and 100 km projected on a map of southern Sweden.

Finally, based on the map data, we calculated the propor-

tion of sites with S. aloides that A. viridis is able to reach

when dispersing 2, 5, 20, 40 or 100 km. The computations

and graphics were done in Mathematica.

Field survey

To obtain an estimate of current co-occurrence in southern

Sweden, we selected 34 locations ranging from SW to NE

for field surveys where one or both species had been found

previously; either based on recent (\10 years) observations

in the Species Observation System or on unpublished

records from the same period from GS (Fig. 1, blue dots).

We based our selection on us being able to survey these

locations within a few weeks at a time and that they were

easy to reach by car. We judge the localities to constitute a

good representative subgroup of all localities, including a

wide range of habitats from both running and standing

water. S. aloides had been observed in 31 of the chosen

sites, A. viridis in 12 with mutual occurrence in 9. The

localities were distributed over a large part of the total

distribution area for A. viridis and visited during late May

and June 2013 when the rosettes of S. aloides were clearly

visible in the water and once more in July 2015. At each of

the localities we surveyed a 2 m wide expanse of water

along the shoreline netting dragonfly larvae. We used a

standard student’s D-shaped water net with a diameter of

22 cm and 1.5 mm mesh size swiping it through the water

vegetation for a stretch of approximately 1 m, three times

in a row, a method which has proved to work well col-

lecting dragonfly larvae (Sahlén and Ekestubbe 2001).

Three to four such nettings were done at each type of

vegetation (general structure and species composition)

present at the water’s edge, the amount of netting therefore

varying between sites. We actively searched for S. aloides

at all localities and, if present, netting always took place

among these plants. Further, we noted among what plant

species any A viridis larvae were found. All larvae were

determined to species in the field according to the char-

acters given in Norling and Sahlén (1997). As A. viridis is

under protection of both Swedish and European law (SFS

2007: 845; European Commission 2013b) all larvae of the

species were released on-site after identification.

Associations with other species and habitat size

For the 98 sites extracted from the public data we analysed

differences in the number of dragonflies and number of

aquatic plants present at S. aloides and non-S. aloides sites

using t tests, including the size of the sites obtained from

several online map services. We further examined differ-

ences in the number of observed aquatic plant species in

the same way and also compared the presence/absence of

the plant species where larvae were found during the field

survey between the same groups to better understand the

association of A. viridis with other plant species.

Results

If the mean dispersal capability of A. viridis is 2 km,

50.6 % of the localities with S. aloides could be reached

(Fig. 2a), corresponding to a low overlap in occurrence.

For 5, 20, 40 and 100 km dispersal the proportion of sites

increased to 62.5, 86.2, 92.6 (Fig. 2b–d) and 100 %

respectively. We note that the two shorter dispersal ranges

result in many small and isolated populations of A. viridis

and that only the three higher dispersal capabilities gives

the possibility of large, coherent populations in Sweden.

Field survey

Both visits to the 34 locations gave the same results for

occurrence of the species: We found S. aloides at 16 sites,

51.6 % of those from which it was originally reported. At

the first visit we noted that at three other locations, small S.

aloides specimens were found washed-up on the shoreline,

but no population was found in the lake/river section. We

tentatively assumed that these specimens were transported

to the sites via adjacent water courses. We found A. viridis

at 12 sites, 10 of which were originally reported (83.3 %)

and at two from where it was previously not reported. Both

species co-occurred at eight locations; at six old (66.7 %)

and at the two new. Further, at five of the A. viridis loca-

tions, larvae were found in other vegetation than S. aloides.

These other water plants were Menyanthes trifoliata,

Phragmites australis, Potamogeton natans and Sphagnum

spp. S aloides was not present in the environment at four of

these locations.

Associations with other species and habitat size

The number of other Odonata species did not differ sig-

nificantly between sites with or without Stratiotes (t test,
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p = 0.058). The number of species varied more at sites

without S. aloides (range 1–32) that at sites with the spe-

cies (2–24). Looking only at running water sites (n = 18),

the numbers of other Odonata differed significantly

between sites without (mean 8.60 ± 6.68 standard devia-

tion) and with (15.50 ± 5.68; t = -2.278, df = 16,

p = 0.037) S. aloides; the water soldier sites having double

the number of other species. Lake sites (n = 80) did not

differ (p = 0.177). The number of other water plant spe-

cies differed significantly between sites without S. aloides

(5.65 ± 7.72) and sites with the species (9.77 ± 11.06;

t = -2.16, df = 96, p = 0.033). The difference is stronger

when looking only at lake sites (t = -3.291, df = 78,

p = 0.001) but not significant for running water sites

(p = 0.102). At 22 (34.9 %) of the localities without S.

aloides, no water plants were reported while no other plants

were reported at only 2 (5.7 %) of the sites with S. aloides.

Menyanthes trifoliata occurred at 16.7 % of the sites

with S. aloides and at 9.4 % of those without. The numbers

for the other species among which larvae were found in the

field survey was 50 and 34.4 % for Phragmites australis,

16.7 and 12.5 % for Potamogeton natans and 22.2 and

50 % for Sphagnum sp., respectively. In 34.4 % of the

localities without S. aloides none of the four plants

occurred.

We found no significant differences between site area

when comparing S. aloides sites to non-S. aloides sites

(t test, p = 0.177). The habitat varied from small over-

grown ponds of a few hundred square metres, via ponds

and lakes of varying size up to bays and islands in three of

the greatest lakes in Sweden (Hjälmaren, Mälaren and

Vänern) as well as rivers of varying size.

Discussion

Several interesting results emerge from our study: First,

even if dispersing adults move only 2 km A. viridis spec-

imens would be able to reach over 50 % of the sites

inhabited by S. aloides. It is not, however, until a much

higher dispersal capability is assumed that the species will

have the possibility to occur in coherent populations over

large areas of southern Sweden (Fig. 2c, d). Second, we

noted that localities with S. aloides harboured a higher

number of other water plant species than sites without S.

aloides; lakes, especially, had higher numbers. Habitat

selection due to factors created by the rich plant commu-

nity may therefore have a strong impact on the occurrence

of this species. We further noted that a high percentage of

localities without S. aloides had no other plants reported

while the opposite was true for localities with S. aloides

which indicate that visitors searching for and recording A.

viridis may only to some extent note any other water plants

than S. aloides, while visitors in search of S. aloides seem

also to note A. viridis (and maybe other Odonata) indi-

cating again the problems arising when using databases

based on volunteer reports (van Strien et al. 2010). Third,

in our field surveys we observed different rates of recap-

ture, indicating that the turnover rate of S. aloides popu-

lations is fairly high with local populations persisting only

over a certain number of years (Hanski 1999; Harveson

et al. 2006; Koch et al. 2014), while A. viridis appears more

persistent at locations although the numbers in our study

are low. Suhonen et al. (2013) assumed that the persistence

of A. viridis populations might depend on the presence of a

few S. aloides patches of larger size rather than a network

of small ones in the region. We are not aware of any

neighbouring large patches to the surveyed sites, nor could

the sites we visited be considered large patches, but

detailed knowledge on the occurrence of both species in

Sweden (and Europe) is lacking (Sahlén 2006a; Lansdown

2014; Kalkman et al. 2015). S. aloides is reported to occur

Fig. 1 Observations of Aeshna viridis (cerise; n = 268) and S.

aloides (green; n = 716) in southern Sweden, coordinates down-

loaded from the Species Observation System on January 31, 2015.

Observations range from January 1980 to December 2014. Note that a

majority of the dots appear superimposed of each other. Blue dots

represent 34 localities which were surveyed in May–June 2013 and

July 2015
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only in communities with a high species richness of aquatic

vegetation and is said to indicate good status of the

ecosystem (Sugier et al. 2010), the habitat choice of A.

viridis coinciding well with this type of environment (cf.,

Kalkman et al. 2015). If water quality is not affected, S.

aloides populations may be stable over time (Renman

1989), and preserving or restoring such sites might be the

best method of ensuring long time survival of A. viridis in

many regions as the co-occurrence of the species is shown

to be high in this study. Such protection and restoration

programs have already been carried out in the Netherlands

(de Vries 2010) and Germany (BFN 2010), both by pro-

tecting existing areas with S. aloides and creating new

suitable habitats. We noted the disappearance of slightly

less than half the populations in a 30-year timespan but we

cannot say if this points to a decline or if it is the normal

turnover rate for a thriving metapopulation at northern

latitudes.

The decline of S. aloides in areas of Western Europe, is

believed to be due to hydrological changes where alkaline

river water and eutrophication together produces iron

deficiency, sulphate and ammonium toxicity and competi-

tion by non-rooted species (Smolders et al. 1996, 2003).

Here there are many attempts to create new areas for the

species (and the dragonfly) but a problem is the high

nitrogen levels in large areas of the distribution of this

species which would be a severe problem if reintroducing

in areas where it was previously extinct (Abeli et al. 2014).

This general change of European aquatic communities is

shown over large areas, e.g., from Poland where Gołdyn

(2009) pointed out a general change of species composition

in many bodies of water over a 30 year perspective. Spe-

cialised species like S. aloides were replaced by wide-

spread generalists, seemingly increasing the species

richness in many locations but, in fact, reducing the

regional diversity, resulting in a trivial flora in most loca-

tions. The same pattern has been observed for dragonflies

in Sweden (Flenner and Sahlén 2008; Koch et al. 2014),

where specialists like A. viridis have disappeared from

certain regions. To ensure the survival of both A. viridis

and S. aloides, in areas of decline, other conservation

approaches might be necessary and further studies are

needed.

The presence of A. viridis larvae among other plant

structures (M. trifoliata, P. australis, P. natans and

Sphagnum spp.) in five out of the 12 sites suggests that the

association with S. aloides structures is weaker in Sweden

than has been reported from elsewhere (Tarkowska-

Kukuryk 2006; Jaeschke et al. 2012; Kalkman et al. 2015).

The prevailing understanding of edge populations is

otherwise that they may be restricted to suboptimal envi-

ronments distinct from the global range of the species (e.g.

Vale et al. 2014), becoming increasingly rare and, hence,

occupying a more narrow niche than in the core areas

(Thomas et al. 1998). One effect of this was shown by

Oliver et al. (2012) in that increases in population vari-

ability occur towards (climatic) range boundaries. Studies

in Finland, also edge populations for A. viridis, showed that

the species inhabited S. aloides sites only (Rantala et al.

2004). Our observations of alternate plant communities

serving as larval habitat are not unique, as earlier studies

have shown that adult female A. viridis to some extent

oviposit in other vegetation than S. aloides (Münchberg

1956; Robert 1958; Rantala et al. 2004; Suutari et al.

2008). Münchberg (1956) reports a typical species com-

position of a S. aloides locality where the following plants

are often present (synonyms revised): Glyceria maxima,

Menyanthes trifoliata, Comarum palustre, Sparganium

emersum, S. erectum, Acorus calamus, and in open water

areas also Nuphar lutea or Nymphaea alba. Whether egg-

laying in other plants than Stratiotes implies a suboptimal

habitat or not can be debated, but it is safe to assume that

the structures in the water formed by these plants resemble

those of Stratiotes, as structures in the water are among the

most important cues for an egg-laying female (Sahlén

2006c). We can also note that in our analysis of plants

observed at A. viridis localities extracted from the species

Observation System, at least one of the alternate species

encountered during the field survey was found at 65 % of

the sites where S. aloides was absent, thus giving ample

possibilities for finding an alternate larval habitat. It is

probably also safe to assume that there might a big number

of vagrant specimens in the dataset, comprising part of the

localities where no S. aloides was found.

Physical environmental factors and biotic interactions

limit the survival and niche breadth of all aquatic species

(Wellborn et al. 1996) and it is plausible that e.g. predation,

is not more severe in these alternate plant communities

than in Stratiotes localities. The presence of Sphagnum in

our localities may prove as good protection against fish as

Stratiotes does (cf., Henrikson 1993). Sphagnum is com-

mon, especially in acid or acidified bodies of water, a

common case in Sweden (Håkanson 2003; Henrikson et al.

bFig. 2 Possibilities for Aeshna viridis (cerise) to disperse between S.

aloides localities (green) under different scenarios. a 2 km mean

dispersal range; b 5 km; c 20 km; and d 40 km. The colouring is as

follows: If there is an observation of one or more A. viridis in a

community its interior is painted in cerise and its boundary slightly

darker in the same colour. If not, it is painted green in a similar

fashion. For singleton communities the interior colour is inherited

from the boundary. At low dispersal ranges the continuity is low and,

hence, long time survival is uncertain (many green areas with only S.

aloides). At the highest dispersal scenario most localities are

connected, forming a metapopulation network covering most of the

range of the species (all the area is cerise meaning A. viridis is able to

disperse in it). The 100 km dispersal scenario is not shown
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2005). Fish predation is one of the most important regu-

lating mechanisms affecting the survival of aquatic

organisms, including dragonfly larvae (Brooks and Dodson

1965; McPeek 1990; Johansson and Brodin 2003) and the

effect of fish on dragonfly populations is evaluated by

Wohlfahrt et al. (2006) and Wittwer et al. (2010). We

tentatively assume that the alternate plant composition

observed in a few Swedish lakes seems to provide other

means of fish-free conditions for the larvae, something

worth further studies in the Sphagnum rich lakes of

Sweden.

Though is it credible to see the decline of S. aloides as

the biggest threat to A. viridis on a European scale, we

show that populations at northern latitudes may not be as

dependent on the presence of the plant. The number of

possible sites for A. viridis populations will then be con-

siderably higher than the number of S. aloides populations,

which in turn are several times more abundant than the

dragonfly. As pointed out by e.g., Poniatowski and Fart-

mann (2010), habitat quality along with patch size and

degree of isolation have been identified as the most

important factors determining the occurrence of species.

Not all suitable habitat patches will be used by any species

(Ehrlen and Eriksson 2000), normally regulated by limited

dispersal. We see this pattern in that the localities with A.

viridis are much fewer than those with S. aloides. As we

used a volunteer database the actual number of available

substrate and of dragonfly populations within the area is

probably much higher. Korkeamäki and Suhonen (2002)

were able to show that species with a narrow distribution

had lower long-term survival than species with a broad

distribution. Applying this on the present species will

imply that species with restricted habitat preferences, like

A. viridis, are less good survivors. Despite this, no decline

in the species has been seen in the north and east of its

distribution area although it is decreasing in Europe as a

whole (Kalkman et al. 2010, 2015), perhaps due to the

number of possible habitat patches being much higher than

the number observed.

As for indirect monitoring of A. viridis we find that the

number of S. aloides populations alone does not give a

reliable measure of how many A. viridis populations there

might be expected, at least not in Sweden. The occurrence

of the dragonfly in other plant communities implies that the

number of such populations might be very high, but our

field survey included too few localities to extrapolate a

reliable percentage. Further, our field survey showed that

records of S. aloides cannot be assumed to exist over a

10-year period, as almost half of the sites visited were

empty at our sampling. Nevertheless, we see advantages in

the method despite the problem that data generated by the

public on a voluntary basis inevitably is incomplete and

that species occurrence analyses based on such lists are less

accurate than those derived from monitoring programs (van

Strien et al. 2010). But in this case we deal with a con-

spicuous and, therefore, interesting, species which people

will report if encountered, thus generating a relatively high

number of observations. And, as the species cannot be

mixed up with anything else, all observations should be

regarded as correct, at least all observations at short dis-

tances. A directed search for the species as part of a regular

monitoring scheme requires expertise on larvae or sunny

weather on demand or both. Hence, an indirect monitoring

will produce lower than expected numbers but still higher

numbers than a monitoring scheme with limited funding

would produce.
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H, Malikova E, Paulson D, Schütte K, Suhling F, Villanueva RJ,

von Ellenrieder N, Wilson K (2009) Odonata enter the biodi-

versity crisis debate: the first global assessment of an insect

group. Biol Conserv 142:1864–1865

Corbet PS (1999) Dragonflies: behaviour and ecology of Odonata.

Harley Books, Colchester

de Ornellas P, Milner-Gulland EJ, Nicholson E (2011) The impact of

data realities on conservation planning. Biol Conserv

144:1980–1986

de Vries H (2010) Species protection plan for Aeshna viridis.

Brachyton 12:25–31
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Rantala MJ, Ilmonen J, Koskimäki J, Suhonen J, Tynkkynen K (2004)

The macrophyte, Stratiotes aloides, protects larvae of dragonfly

Aeshna viridis against fish predation. Aquat Ecol 38:7–81

Renman G (1989) Life histories of two clonal populations of

Stratiotes aloides L. Hydrobiologia 185:211–222

Reside AE, Watson I, VanDer WJ, Kutt AS (2011) Incorporating low-

resolution historic species location data decreases performance

of distribution models. Ecol Model 222:3444–3447

Robert P-A (1958) Les Libellules. Delachaux & Niestlié, Neuchâtel
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