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Abstract
Aim: Aquatic- terrestrial transition zones contain features essential for many species 
that often benefit wetland biodiversity. Shallow flood- zone areas and reed beds are 
indicative of natural wetland habitats; however, how such features affect the native 
arthropod biodiversity in constructed wetlands is scarcely investigated. We asked 
how these shoreline features, as well as wetland shoreline properties and grazing 
management, influence riparian arthropod diversities and habitat specializations.
Location: Constructed wetlands, Sweden.
Taxa: Araneae, Coleoptera, Diptera.
Methods: Taxonomic- , phylogenetic-  and trait diversities, along with habitat special-
ist species richness, were measured in riparian spiders, beetles and selected Diptera 
in 68 constructed wetlands in two regions of Sweden. We ran structural equation 
models to estimate direct and indirect effects from shoreline slope, flooded grassland, 
reed areas and grazing management on group diversities, and used multivariate mod-
els to determine drivers on habitat specialist species richness.
Results: Flooded grassland and reed area, along with shoreline slope influenced ar-
thropod diversities, and responses differed between arthropod groups and diversity 
metrics. Spider trait diversity was greater in wetlands with larger flooded grassland 
areas, whilst beetle trait diversity was reduced. Spider phylogenetic diversity was 
greater in wetlands containing larger reed areas and in wetlands with steeper shore-
lines. However, species richness in predatory flies was greater in wetlands with more 
gentle shorelines. Grazing management had limited effects on arthropod diversities; 
however, species richness in wetland specialist and generalist predatory dipterans was 
greater in the absence of grazers in wetlands with greater flooded grassland areas.
Main Conclusions: As requirements vary considerably among arthropods, care must 
be taken when constructing and managing wetlands to benefit arthropod biodiver-
sity. The present results suggest wetlands with a varied shoreline, albeit with greater 
proportions of flood areas, or multiple adjacent wetlands with varying shores in a wet 
landscape and a mild grazing regiment, would accommodate a more diverse arthropod 
fauna.
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1  |  INTRODUC TION

Ponds and wetlands in agricultural landscapes are often biodiversity 
hotspots, where many arthropod species benefit from the high plant 
productivity and the mixture of breeding habitats (Denny, 1994; 
Kingsford et al., 2016). However, agricultural landscapes are often 
depauperate of wetlands because wet habitats were drained to gain 
croplands and to increase agricultural productivity (Davidson, 2014; 
Zedler & Kercher, 2005). The historical draining of wetlands has likely 
reduced arthropod populations and a high number of wetland spe-
cies are currently on national and international red lists (IUCN, 2022; 
SLU Artdatabanken, 2020). In recent years, landscapes are again re-
wetted, with an increasing number of constructed or restored wet-
lands, particularly in open landscapes (Graversgaard et al., 2021), to 
reduce downstream eutrophication, mitigate flooding or promote 
bird diversity (Hambäck et al., 2023; Meli et al., 2014; Swartz & 
Miller, 2021). Irrespective of their purpose, constructed wetlands 
and ponds can be beneficial for a range of species. For instance, 
Strand and Weisner (2013) found that amphibian colonization was 
equally common in wetlands independent of the original manage-
ment purpose. Nevertheless, constructed wetlands are often made 
like ponds with flooded grasslands around, and do not resemble the 
natural wetlands that were once drained. For these constructed 
wetlands, we lack much information on the habitat structures and 
their importance for biodiversity (Batzer & Wu, 2020).

The transition zone between the open water and the terres-
trial surroundings provides temporarily flooded vegetated habitats 
that are often rich in spiders and various insect groups (Batzer & 
Wu, 2020). Besides benefitting arthropod groups that specialize in 
wetlands, generalists and terrestrial specialists may benefit from 
the high primary production and prey abundance in flooded areas 
(Ramey & Richardson, 2017). Previous studies suggest that arthro-
pod species respond differently to habitat attributes, and key at-
tributes often include aspects such as flooding regime, grazing or 
shoreline structures (Åhlén et al., 2023; Lafage & Petillon, 2016; 
Ramey & Richardson, 2017). This pattern is particularly appar-
ent for beetle species, where both carabids and staphylinids are 
often affected by the flood regime (Bonn et al., 2002; Sienkiewicz 
& Zmihorski, 2012), as well as by the presence of grazing livestock 
(Cajaiba et al., 2018; Waite et al., 2022). Similarly, many crane fly 
species require periodically flooded soil during juvenile develop-
ment (Stubbs, 2021) whereas certain beetle species feed on hydro-
phytic vegetation (Rheinheimer & Hassler, 2010). However, we lack 
substantial information on how wetland habitat structures support 
arthropod communities with different levels of specialization to 
wetlands, a knowledge that is imperative to understanding the ef-
fects of rewetting the landscape on arthropod diversity (Batzer & 
Wu, 2020).

Species richness alone does not describe the structure of a com-
munity, and additional important measures include phylogenetic and 
trait diversity. These measures complement species richness by ac-
counting for species similarities and differences in the community 
and thereby describe the ecological complexity of a community. For 
example, a species- rich spider community may contain a narrow trait 
diversity and lack ecological complexity because all spiders are car-
nivorous and related spider species are of similar size. On the other 
hand, spider species differ in hunting strategies (e.g. active hunters, 
sheet web weavers, etc.), where trait diversity is perhaps driven 
more by ecological factors than taxonomic or phylogenetic diver-
sity. Beetle communities similarly contain multiple feeding guilds 
and habitat specialists, but may also show a great degree of spe-
cies clustering, for example, Chrysomelidae and Curculionidae are 
herbivorous and most Carabidae and Staphylinidae are predatory 
(e.g. Stasiov et al., 2021). Thereby, only the combination of measures 
can sufficiently describe an arthropod community by combining in-
formation on diversity and complexity (Baulechner et al., 2019; Din 
et al., 2019).

The different diversity measures depend on the spatial scale but 
often correlate (Petchey & Gaston, 2002), where deviations may 
 indicate underlying filtering mechanisms (Ndiribe et al., 2013). For 
instance, if communities are mainly filtered by habitat characteris-
tics or if disturbances are strong drivers of community membership, 
we expect species with similar traits and similar fundamental niches 
to cluster, which would tend to reduce trait diversity within habitats 
but increase trait diversity between habitats (Ndiribe et al., 2013). 
On the other hand, interspecific competition should result in nega-
tive associations between species with similar traits and overdisper-
sion of trait diversity relative to taxonomic diversity. Environmental 
variables may also affect diversity measures differently, which 
again provide indications of underlying ecological processes (e.g. 
Baulechner et al., 2019; Nanni et al., 2021). For instance, the inde-
pendent effects of environmental variables on trait or phylogenetic 
diversity, whilst accounting for taxonomic species richness, may in-
dicate an environmental filtering mechanism due to trait similarities 
or dissimilarities.

We examined how shoreline habitats and grazing management 
in constructed wetlands determine the taxonomic, phylogenetic 
and trait diversity of key wetland arthropod communities. The 
constructed wetlands in our study constitute ponds of open water 
with surrounding flooded areas. We focused on spiders, beetles 
and some dipteran families in the riparian zone because they are 
diverse in constructed wetlands and relatively easy to identify. 
To disentangle the roles of environmental variables on measures 
of diversity, and to identify underlying filtering mechanisms, we 
used structural equation models (SEMs). We hypothesized that 
gentle shoreline slope increases riparian zone size and thereby 

K E Y W O R D S
agriculture, Arthropods, biodiversity, constructed wetlands, grazing management, shoreline 
properties, Sweden
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    |  2325ÅHLÉN et al.

increases several diversity measures and that the species richness 
of wetland specialists is higher in constructed wetlands with gen-
tle shorelines and expansive flood zones. Finally, we hypothesized 
that reed bed area, amount of beneficial surrounding habitats and 
grazing livestock similarly increase biodiversity. These hypotheses 
were tested for wetlands of different sizes, landscape positions 
and environmental characteristics situated in two regions within 
Sweden.

2  |  MATERIAL S AND METHODS

2.1  |  Wetland selection

We sampled arthropods in 68 wetlands in two regions of Sweden, 
Halland on the Swedish west coast (56.5–57°N, 46 sites) and 
Uppland in eastern Sweden (59–60°N, 22 sites), during the summer 
of 2020 (Figure 1). Both regions are hemi- boreal, but Halland is dom-
inated by agriculture whereas Uppland is largely dominated by for-
estry interspersed with agriculture. To mitigate nutrient runoff and 
algal blooms in the nearby Kattegat strait, thousands of wetlands 
have been constructed in Halland since 1990. Constructed wetlands 
in Uppland are scarcer and are mostly constructed to increase hunt-
ing opportunities. When selecting wetlands, we visited wetlands 
in predominately agricultural landscapes and selected those with 
<50% forest cover in a 50 m perimeter to omit wetlands enclosed by 
forest. We categorized wetlands based on shoreline slope to include 
gentle to steep shoreline conditions. Furthermore, as farmers often 
utilize wetlands in the agricultural landscape for livestock grazing, 
we included both grazed and ungrazed wetlands but did not account 

for stocking densities or animal species. To account for wetland size 
effects, we chose wetlands of varying sizes (0.05–11.95 ha). We also 
limited the analysis to lentic, freshwater wetlands with partially open 
water surfaces. This site selection yielded replicates of wet mead-
ows or marshes that included a part with open water, with varying 
shoreline morphology, size, management and wetland structure, sit-
uated in open habitats and mostly surrounded by agricultural lands.

2.2  |  Arthropod collection

To capture the breadth of arthropod species across the season, we 
sampled each wetland in (1) late May to early June, (2) late June to 
early July and (3) August to early September. To sample Diptera 
and other flying insects, we used SLAM (Sea, Land and Air Malaise) 
traps placed within 2 m of the water's edge. One SLAM trap was 
placed per site during three consecutive nights per sampling period. 
To sample spiders and beetles, we used pitfall trapping and suction 
sampling. We placed three pitfall traps (diameter 70 mm) containing 
water and detergent perpendicular to the shoreline, spaced 5 m apart 
and within 10 m from the SLAM trap. Traps were anchored with tent 
pegs to prevent hydrological pressure from lifting them from the soil. 
Pitfall trapping was used during periods 1 and 3 in Uppland and dur-
ing period 1 in Halland. Suction sampling was performed by vacu-
uming all ground and vegetation within a 45 cm diameter hoop at 
three sampling points, similar to the placement of pitfall traps, using 
a converted leaf blower. Suction sampling was done in Uppland dur-
ing periods 1 and 3, and in Halland during periods 2 and 3.

We focussed on six species- rich taxa that occur commonly in wet-
lands; spiders (Araneae), beetles (Coleoptera), dance flies (Hybotidae), 

F I G U R E  1  Example pictures of typical wetlands, along with (a) 46 locations in Halland- , and (b) 22 locations in Uppland region in Sweden. 
Photographs by David Åhlén (top) and Sofia Hedman (bottom).

(a) (b)
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dagger flies (Empididae), long- legged flies (Dolichopodidae) and 
crane flies and their allies (Tipulidomorpha [Tipulidae, Limoniidae, 
Pediciidae, Cylindrotomidae, Ptychopteridae]). Spiders are all pred-
atory with either active hunting (e.g. Lycosidae, Erigoninae and 
Clubionidae) or web building (e.g. Linyphiinae, Theridiidae and 
Araneidae) (Pedro Cardoso et al., 2011). Beetles include predators 
(e.g. Carabidae and Staphylinidae), whose larvae mainly develop in 
or on the soil (Stasiov et al., 2021), as well as those with herbivorous 
(e.g. Chrysomelidae), omnivorous (e.g. Coccinellidae) or detritivo-
rous larvae. Dance flies, dagger flies and long- legged flies are mainly 
predatory (hereafter predatory Diptera), and most species develop 
as larvae in wet soil or detritus (Chvála, 1983). Crane flies similarly 
develop mainly in moist soils and feed on detritus (Stubbs, 2021). 
Diversity estimates are based mainly on adults as larvae are more 
difficult to identify. However, juvenile spiders, identified as genus, 
were included as one species within that genus when no adults were 
collected for that site.

2.3  |  Habitat structure and management

We calculated areas of flooded grassland, reeds, pastures and mead-
ows in a 500 m radius surrounding the collection point using QGIS 
3.26.3 (QGIS, 2022), as landscape factors in the analysis. Flooded 
grasslands, defined as habitats dominated by sedges and rushes 
(Cyperaceae and Juncaceae), are indicative of riparian flood zones 
essential for many arthropod wetland species. Reed beds were de-
fined as areas with tall, emergent, non- woody vegetation with reeds 
and bulrushes dominating. Pastures and meadows (grazed or non- 
grazed) were defined as terrestrial grasslands with or without evi-
dence of grazing animals (cattle, sheep, horses or other livestock). As 
a proxy for shoreline slope, we calculated the elevational difference 
between the SLAM trap position and the water level using 1 × 1 m2 
aerial digital elevation models (Markhöjdmodell grid 1+, downloaded 
on 2023- 02- 28 from SLU geodataportalen © Lantmäteriet) per 
wetland.

2.4  |  Diversity estimates and statistical analyses

We used four diversity measures in the statistical analyses; total 
species richness, rarefied species richness, rarefied phylogenetic 
diversity and rarefied trait diversity. Total species richness was 
quantified as the number of species per site, and the rarefication 
of diversity was based on the number of individuals using the alpha 
function in the BAT package (Cardoso et al., 2015). To estimate 
phylogenetic diversity, we first constructed a phylogeny for each 
taxon group separately using phyloT v2 (https:// phylot. bioby te. de/ 
), which generates phylogenetic trees based on the NCBI taxonomy. 
Phylogenies were constructed at the genus level, with zero branch 
lengths for species, and edited to make trees symmetric with total 
branch length equal for all genera (see Appendix S1). Traits used for 
calculating the trait diversity included body sizes and dispersal mode 

which could influence community dynamics (e.g. De Bie et al., 2012), 
as well as trophic group and prey capture strategy as feeding traits 
(see Appendix S2). Dispersal mode (ballooning or not, following Bell 
et al., 2005) and prey capture strategy (following Pedro Cardoso 
et al., 2011) were only available for spiders. Trait distances between 
species were calculated using funct.dist (with gower distances) in 
package mFD (Magneville et al., 2022) and clustered using hclust be-
fore calculating rarefied trait diversity in BAT.

Species were categorized as wetland specialists, habitat general-
ists and terrestrial specialists using the classification of Swedish spe-
cies (www. artfa kta. se), which reports main and secondary habitat 
preferences based on expert opinions. For each species, we scored 
wetland affinity as high when the main habitat was some wetland 
type (shoreline, wet meadow/bog and aquatic), terrestrial affinity 
as high when the main habitat was some terrestrial type; and lower 
affinities if only a secondary habitat was indicated in correspond-
ing categories. The species was scored as wetland specialist if pri-
mary or secondary habitats were dominated by wetland types and 
as a terrestrial specialist if dominated by terrestrial habitat types. If 
affinities included both habitat types equally then the species was 
categorized as a habitat generalist. If habitat information was lack-
ing, we used landscape- type preferences to determine specialization 
(see Appendix S2).

To estimate the direct and indirect effects of environmental vari-
ables on the diversity estimates, we used piecewise SEMs and the 
command psem from the package piecewiseSEM (Lefcheck, 2016). 
Based on the original hypothesis, we selected wetland habitat vari-
ables that were governed by wetland morphology (shoreline slope, 
flooded grassland-  and reedbed area) and surrounding terrestrial 
grassland area, that could be of relevance to describe arthropod com-
munity metrics. We ran linear models using the presence/absence 
of grazers (mainly cattle and sheep), region (Uppland and Halland), 
shoreline height difference (hereafter slope), flooded grassland 
and reedbed areas and terrestrial grassland area as fixed factors. 
Wetland habitat variables were log- transformed to obtain linearity. 
Residual plots were inspected to confirm underlying assumptions of 
normally distributed residuals and homoscedasticity. The maximum 
models were optimized by removing variables based on relevance 
and AIC scores. The regional diversity differences should be treated 
with caution as they may originate from true regional differences 
as well as from non- contemporaneous sampling. For this reason, 
we ran the final models for each region separately, finding both 
concordance and differences between regions (see Appendix S3). 
Following the trait diversity results in the SEMs, we ran linear mod-
els on community- weighted means of traits from the driving predic-
tors of trait diversity to understand trait- specific responses. Finally, 
to examine the effects on species richness in wetland specialists, 
generalists and terrestrial specialists, we ran multivariate manyglm 
models from the mvabund package (Wang et al., 2022). Spider, bee-
tle and predatory dipteran communities were analysed separately, 
where cumulative univariate responses from each group provided 
multivariate community responses and univariate group responses. 
All analyses were run in R 4.2.1 (R Core Team, 2022).
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3  |  RESULTS

3.1  |  Arthropod abundances and wetland 
characteristics

In total, we sampled 19,132 individuals and 870 species. Beetles and 
spiders were the two most abundant and species- rich groups with 7107 
individuals from 521 species, and 6862 individuals from 145 species, 
respectively. The predatory Diptera consisted of 3192 individuals from 
142 species, whereas crane flies consisted of 1971 individuals from 62 
species. The area of flooded grassland decreased with the steepness of 
the slope (p < 0.001), and differed between regions (p < 0.01). Uppland 
wetlands had larger flooded grassland areas (Figure 2).

3.2  |  Spiders

The spider SEM included all credible links (p = 0.08, Fisher's 
Cdf=26 = 36.9, Figure 2a) (model structure in Appendix S4). Total 

spider species richness was greater in Uppland than in Halland 
(p < 0.001) with an interactive effect of region and reed area on 
spider species richness (p < 0.04). This interaction arose because 
the spider richness increased with the reed area only in Uppland. 
Rarefied species richness was not directly related to any envi-
ronmental variable but was only positively related to total spe-
cies richness (p < 0.001). In contrast, phylogenetic diversity was 
directly and positively related to both shoreline slope (p < 0.002) 
and reed area (p < 0.002), in addition to being correlated with 
rarefied species richness (p < 0.001). Finally, trait diversity was 
correlated with phylogenetic diversity (p < 0.001), rarefied spe-
cies richness (p < 0.001), and was higher in wetlands with a larger 
flooded grassland area (p < 0.03).

The multivariate analysis suggested that the spider commu-
nity was affected by reed area (p < 0.03, Deviance = 8.7), region 
(p < 0.001, Dev. = 26.4) and by the interaction between grazing and 
region (p < 0.001, Dev. = 20.0). The following univariate analyses 
showed that the richness of wetland specialist spiders increased 
with reed area (p < 0.02, Dev. = 7.6, Figure 3a), whereas other groups 

F I G U R E  2  Structural equation models 
for (a) spider, (b) beetle, (c) predatory 
diptera, and (d) crane fly diversities. Arrow 
thickness and value represent relatively 
standardized estimates and significance 
levels of effects in the model structure, 
where arrow directions explain the 
direction of effects and colour represents 
positive (black) or negative (red) effects.

(a) (b)

(c) (d)
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did not vary with reed area (Figure 3b,c). Richness was also greater 
in Uppland than in Halland for both wetland (p < 0.003, Dev. = 17.6) 
and terrestrial (p < 0.01, Dev. = 7.9) specialists, but not for general-
ist species. Finally, spider species richness in Uppland was greater 
in ungrazed than in grazed wetlands for both generalist (p < 0.04, 
Dev. = 5.2, Figure 3h) and terrestrial specialist (p < 0.002, Dev. = 12.3, 
Figure 3i) species.

When examining the effects on community- weighted trait 
means, we found that patterns for spiders were mainly explained by 
dispersal and hunting strategy. First, the proportion of spiders using 
ballooning was lower in Uppland compared with Halland (F1,65 = 36.1, 
p < 0.001), and lower in wetlands with greater reed areas (F1,65 = 4.7, 
p < 0.05). Second, the proportion of web- building spiders was higher 
in wetlands with a steeper shoreline slope (F1,65 = 4.1, p < 0.05).

3.3  |  Beetles

The beetle diversity SEM also included all credible links (p = 0.36, 
Fisher's Cdf=26 = 28.0, Figure 2b; model structure in Appendix S4). 
Total beetle species richness was greater in Uppland than in Halland 
(p < 0.001), and all other diversity measures were related (Figure 2b). 
The only measure directly related to an environmental variable was trait 
diversity which decreased with the flooded grassland area (p < 0.02).

In the multivariate analysis, the beetle community was af-
fected by reed area (p < 0.001, Dev. = 17.5), flooded grassland area 
(p < 0.005, Dev. = 15.4), but also varied between regions (p < 0.001, 
Dev. = 74.2). The univariate analyses indicated that these patterns 
arose because the number of wetland specialized species increased 
with both reed area (p < 0.007, Dev. = 9.3, Figure 4a) and flooded 
grassland area (p < 0.02, Dev. = 9.2, Figure 4d). At the same time, 
the number of terrestrial species showed an opposite response, 
decreased with reed area (p < 0.03, Dev. = 6.1, Figure 4c) and with 
a similar tendency in relation to flooded grassland area (p = 0.08, 
Dev. = 4.2, Figure 4f). In contrast, generalist species richness did not 
vary with either variable (Figure 4b,e). Finally, Uppland had a higher 
richness than Halland of both wetland specialized species (p < 0.001, 

Dev. = 30.4), generalist species (p < 0.001, Dev. = 35.2) and terres-
trial specialist species (p < 0.006, Dev. = 8.6).

When examining effects on community- weighted trait means, 
we found that the proportion of predatory beetle species increased 
from 60% in wetlands with no flooded grasslands to 80% in wetlands 
with the highest area of flooded grasslands (F1,66 = 4.4, p < 0.05). This 
pattern was even stronger when removing wetlands completely 
lacking flooded grasslands (F1,55 = 5.6, p < 0.05). In addition, the av-
erage beetle body size similarly increased with the area of flooded 
grasslands (F1,66 = 8.1, p < 0.01) and was lower in Uppland compared 
with Halland (F1,66 = 4.9, p < 0.05).

3.4  |  Predatory Diptera

The predatory Diptera SEM included all credible links (p = 0.82, 
Fisher's Cdf=28 = 21.1, Figure 2c) (model structure in Appendix S4). 
Total species richness was lower in wetlands with a steeper shore-
line slope (p < 0.05), whereas other diversity metrics had no direct 
relationship with environmental variables (Figure 2c). However, 
rarefied species richness directly increased with total species rich-
ness (p < 0.05) which also increased with phylogenetic diversity 
(p < 0.001). Rarefied species richness was positively related to trait 
diversity (p < 0.001, Figure 2c).

The multivariate analyses suggested that the predatory dipteran 
community was driven by shoreline slope (p < 0.02, Dev. = 9.3), and 
by the interaction between flooded grassland area and grazing 
(p < 0.006, Dev. = 10.5). Univariate analyses showed that these ef-
fects arose because the species richness of wetland specialist flies 
decreased with shoreline slope (p < 0.008, Dev. = 6.8, Figure 5a) and 
increased with flooded grassland area but only when not grazed 
(p < 0.04, Dev. = 4.9, Figure 5g). Similarly, generalist species rich-
ness increased with flooded grassland areas when not grazed, and 
decreased when grazed (p < 0.04, Dev. = 5.2, Figure 5e,h), whereas 
the richness of terrestrial specialist species did not vary with any 
environmental variable (Figure 5c,f,i). There were no effects from 
environmental variables on community- weighted trait means.

F I G U R E  3  Spider species richness across specializations as a response to reed area (a–c) with linear relationship and 95% confidence 
intervals (CI), and from grazing management in Halland and Uppland (d–i).

(a) (b) (c) (d) (e) (f)

(g) (h) (i)
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3.5  |  Crane flies

The crane fly SEM included all credible links (p = 0.65, Fisher's 
Cdf=24 = 20.85, Figure 2d) (model structures in Appendix S4). Total 
species richness was unaffected by all environmental variables, 
but total species richness was positively related to rarefied spe-
cies richness (p < 0.001), which was positively related to phyloge-
netic diversity (p < 0.001), as well as trait diversity (p < 0.001). The 
trait diversity was greater in Halland than in Uppland (p < 0.05; the 
mean body size of crane flies was smaller in Uppland compared with 
Halland; F1,66 = 7.5, p < 0.01).

4  |  DISCUSSION

The present study shows that shoreline habitat structure of con-
structed wetlands affects arthropod diversity and community com-
position, but differently depending on arthropod group and diversity 
measure. The diversity is predicted by either the slope of the shoreline, 
the amount of flooded grassland or the reed bed area. For instance, 
wetlands with larger flooded grassland areas had higher trait diversity 

of spiders, but lower trait diversity of beetles, whereas reed areas 
increased the phylogenetic spider diversity. Finally, wetlands with 
steeper shorelines had higher spider phylogenetic diversity, but also a 
lower species richness of predatory flies. Grazing only affected spider 
species richness and only in Uppland, where it was higher in wetlands 
with shoreline grazing. There were additional regional differences 
with greater total species richness in spiders and beetles in Uppland 
compared to Halland, whilst trait diversity of crane flies was greater in 
Halland compared to Uppland. Finally, for all groups, there were strong 
relationships between diversity measures; total species richness, rare-
fied species richness, phylogenetic diversity and trait diversity.

4.1  |  Shoreline morphology driving diversities in 
riparian arthropods

We expected flooded grassland areas, characterized by gently 
sloped shorelines, to be the main driver of diversity and wetland spe-
cializations. This expectation was confirmed for the species richness 
of wetland specialist beetles and wetland specialist flies in ungrazed 
habitats. However, the pattern showed large variation between 

F I G U R E  4  Beetle species richness across specializations as a response to reed area (a–c) and flooded grassland area (d–f) with linear 
relationship and 95% CI.

(a) (b) (c) (d) (e) (f)

F I G U R E  5  Predatory dipteran species richness across specializations as a response to height difference of mean water surface levels and 
shoreline height at collection point (a–c), and flooded grassland area in Halland and Uppland (d–i) with linear relationships and 95% CI.

(a) (b) (c) (d) (e) (f)

(g) (h) (i)
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arthropod groups and was notably different when comparing spi-
ders and beetles. In particular, larger flooded grassland areas around 
wetlands increased the trait diversity of spiders but at the same time 
decreased the trait diversity of beetles. This pattern, combined with 
the fact that the species richness of wetland specialist beetles was 
positively related to the flooded grassland area but not to spiders, 
suggests that trait diversity and wetland specialization are differ-
ently related in the two groups. Although wetland specialist spe-
cies should benefit from typical wetland characteristics, expansive 
flood zones may require specialized feeding traits that affect the 
niche breadth of spiders and beetles differently (see also Lambeets 
et al., 2008; Moran et al., 2012).

When examining trait means, we found that the proportion of 
predatory beetles was greater in wetlands with larger flooded grass-
land areas, presumably because greater flood zones support a high 
abundance of prey that these beetles feed upon. It thus seems that 
the trait diversity of beetles is reduced in wet habitats because non- 
predatory feeding types are more strongly filtered from the bee-
tle community. The predatory beetle community in wetlands and 
riparian areas is often dominated by rove beetles (Staphylinidae) 
and ground beetles (Carabidae), in which many common species 
have a diet of springtails (Collembola), mites, arthropod larvae and 
other detritivorous invertebrates on or in the wet soil (Baulechner 
et al., 2022; Betz & Kölsch, 2004; Chen & Wise, 1999; Oberholzer & 
Frank, 2003; Yamazaki, 2006). In addition, ground beetles and rove 
beetles often have comparatively narrow habitat preferences, which 
makes them suitable as indicator species (Bohac, 1999; Gerisch 
et al., 2006) but also filter species strongly along dry–wet gradients. 
Finally, the average body size of beetles was greater in wetlands 
with larger areas of flooded grassland, suggesting that differences 
in community structure between wetlands with different flooded 
grassland areas could additionally be due to frequent flooding caus-
ing smaller species with less dispersal capacity to be excluded.

In contrast, variability in spider traits could not explain their 
increased trait diversity in wetlands with larger flooded grassland 
areas. The mechanics behind the discrepancies in trait diversity re-
sponses between spiders and beetles from flooded grassland areas 
are therefore still unclear, but match observations from other stud-
ies (e.g. Bonn et al., 2002), where the ground beetle assemblage var-
ied with the flooding regime but where spider communities varied 
with habitat structure. These group differences may be due either to 
inherent differences in habitat selection between spiders and bee-
tles or because differences in hunting mode and the capacity to use 
aquatic resources filter spider and beetle communities differently. 
Feeding habits among spiders typically vary less than among bee-
tles and most spider species commonly use aquatic resources such 
as midges (Chironomidae) compared with beetle species that more 
seldom utilize aquatic resources (Mellbrand & Hambäck, 2010). 
Feeding habits could thus be a weaker filter on the wetland spider 
community, and structural properties of the environment may in-
stead be more important. Increased niche breadth would then rather 
be due to changes in the physical composition of the habitat creat-
ing novel possibilities for net construction (cf. Cattin et al., 2003). 

This conclusion is supported by the finding that the phylogenetic 
diversity and proportion of wetland species increased with reed area 
and that both phylogenetic diversity and the proportion of web spi-
der species (increasing phylogenetic diversity) were higher at wet-
lands with steeper shorelines. On the other hand, previous studies 
show that many spiders are sensitive to flooding and that frequently 
flooded areas typically contain habitat generalists and particularly 
cursorial species among wolf spider species (Bonn et al., 2002). 
Hence, web spiders may be more sensitive to flooding and steeper 
slopes thereby providing refuges during high water events. On the 
other hand, previous studies have almost exclusively used pitfall 
trapping that biases community descriptions towards wolf spider 
species (Amiar et al., 2023) whereas our data are based both on pit-
fall trapping and vacuum sampling that better describes the full spi-
der community. In either case, our study indicates complementary 
effects of different types of wetland morphology, suggesting that a 
varied shoreline may provide the greatest spider community niche 
breadth in wetlands.

4.2  |  Influence of grazing management

Prior to the study, we expected grazing to be an important determi-
nant of arthropod diversity, in interaction with shoreline slope, by 
increasing the quality of riparian habitats (e.g. Bucher et al., 2016; 
Moran et al., 2012). However, our data suggest that grazing has small 
effects on the species richness of riparian arthropods and, if any-
thing, decreases the richness of generalist and terrestrial specialist 
spiders. Moreover, both wetland specialist and generalist preda-
tory dipteran species richness increased with flooded grassland 
areas only when grazers were not present. These effects might be 
an effect of disturbance, where high abundance of grazing animals 
causes excessive trampling disturbance in flood zone areas (Cole, 
Brocklehurst, McCracken, et al., 2012). One interesting example 
was one wetland in Halland with rotating grazing regimes where cat-
tle graze only a week per month. Even though this is a single case, 
this wetland had a high species richness, with many species being 
exclusive to that location and many endangered and specialized bee-
tle species. In either case, it seems that many grazed wetlands may 
have too high stocking rates, disturbing arthropod species that are 
not directly associated with grazing livestock, leading to suggestions 
to fence the area closest to water as a conservation measure (Cole, 
Brocklehurst, McCracken, et al., 2012). However, such effects may 
differ among taxa, where high grazing intensities negatively affected 
pollinating insects by reducing floral abundances (Cole et al., 2015) 
and positively affected the functional diversity of ground bee-
tles (Cole, Brocklehurst, Elston, et al., 2012). Additionally, faeces 
produced by livestock may influence arthropod community com-
positions, as it provides niches required for certain species (Nanni 
et al., 2021; Waite et al., 2022). These findings, similar to ours, indi-
cate complicated relationships between grazing and arthropod di-
versity, presumably dependent on the grazing intensity but also due 
to the multifaceted impacts of grazing animals in riparian habitats 
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where they both reduce vegetation heights and increase damage 
from trampling. Grazing effects also vary depending on vegetation 
type (Torma et al., 2023), but the present information anyway sug-
gests that a variable grazing regime with only partial access to the 
immediate shore may be most beneficial for arthropod communities.

4.3  |  Regional differences in diversities

The higher total species richness of spiders and beetles in Uppland 
compared to Halland could suggest regional variation in wetland 
structures that affect species richness. Wetlands in Uppland are 
constructed to benefit birds, as hunting opportunities, which result 
in different shoreline structures compared with wetlands in Halland 
that are mainly constructed to catch nutrients. However, since the 
direct regional effects mainly affect non- rarefied species richness 
in spiders and beetles, the observed regional differences in species 
richness may be a consequence from differences in sampling effort. 
On the other hand, when running SEMs separately for the region, we 
found similar estimates as for the models including all data, which 
validates the conclusion that observed effects were independent 
of region. Additionally, total species richness in predatory dipterans 
and crane flies, where regional sampling efforts were more similar, 
was not different between regions.

4.4  |  Considerations in trait diversities

In our functional trait analysis, we used a limited number of traits 
per species, due to a lack of relevant traits for arthropods for al-
lowing multitrait analyses. On the other hand, as the meta- analysis 
by Jeliazkov and Chase (2024) showed, different traits may respond 
differently to the same environmental factors which obscures the 
relationship to trait diversity. In their analysis, it was apparent that 
single- trait analyses typically outperformed multitrait analyses. 
Nevertheless, additional traits, particularly those reflecting abili-
ties to sustain flooding, could have improved model predictions. 
Unfortunately, there is quite limited knowledge of traits affecting 
species survival in flooded habitats beyond the facts that species 
differ in submersion tolerance and that high dispersal capacity al-
lows fast recolonization after floods recede (Kolesnikov et al., 2012; 
Lambeets et al., 2008; Rothenbucher & Schaefer, 2006).

4.5  |  Conclusions

Our study indicates that shoreline properties matter for arthropod 
diversity when constructing wetlands in agricultural and cultivated 
landscapes. The species richness of wetland specialist beetles and 
flies correlated positively with flooded grassland areas and gentle 
slopes, and particularly in ungrazed wetlands. However, responses 
varied greatly between spiders, beetles and dipterans. A general 
recommendation would therefore be to make shoreline slopes 

variable around constructed wetlands but with a dominance of sea-
sonally flooded shores and with some reedy areas. Alternatively, 
multiple proximal wetlands with varying structures would provide 
a heterogeneous wetlandscape that benefits a broader set of spe-
cies. In this context, it is important to remember that the extent 
of flooded grasslands not only depends on the steepness of the 
shore but also on the variability in water tables, which depends on 
both the catchment area and outlet solutions, factors not included 
in this analysis. It is also notable that grazing animals may or may 
not have positive effects on arthropod diversity in flood zones de-
pending on their density and therefore also on the amount of tram-
pling damage disturbing the nearshore habitats. Due to the large 
variability in types of grazing animals and their density, it is evident 
that our study was too heterogeneous for more firm conclusions. 
In either case, it seems that both the design of the constructed 
wetland and subsequent management will determine the effect on 
the arthropod community and diversity in the riparian zone around 
the wetland.
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