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especially of the biodiversity and specifi city of the inverte-
brate community (Zwaenepoel et al., 2002).

All Belgian PBM are situated within the Flemish Polder 
region. The total area is estimated to be not more than 150 
ha (Feys et al., 2015) and though locally it has increased 
due to nature restoration (Bakker et al., 2009) at other 
places ongoing land reclamation and agricultural land im-
provement have greatly reduced its effect. Importantly, the 
area of original, high-quality, extensively managed PBM 
continues to decrease due to land conversion or adverse 
activities on their peripheries (Feys et al., 2015) which 
could reduce their biodiversity and especially the survival 
of rare habitat-specifi c species. Conservation and manage-
ment of current PBM is strongly focused on plants and 
birds. The breeding densities of several wader species may 
reach high levels in this habitat (Beintema & Timmerman, 
1976). Knowledge on the occurrence and requirements of 
other elements of the fauna is very limited (but see Van de 
Meutter et al., 2016a) and the inclusion of invertebrates in 
conservation assessments and management of PBM is vir-
tually non-existent. As such, there are currently barely any 
incentives for invertebrate oriented management. 

Marsh fl ies or snail-killing fl ies (Sciomyzidae) are a 
rather small dipterous family with approximately 148 spe-
cies in Europe and 76 in Belgium. Taxonomy and ecology 
of snail-killing fl ies is well-resolved and they are poten-
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Abstract. Brackish marshes resulting from embankments are a rare habitat in Europe and for which there is little knowledge of 
the entomofauna. There is an urgent need to document the insect diversity and its unique properties in the light of ongoing habi-
tat losses. The current study focuses on snail-killing fl ies in the remaining Belgian brackish marshes, in particular the role of soil 
salinity in determining their diversity and how it compares with that in freshwater marshes. Snail-killing fl y communities in brack-
ish marshland were relatively species poor and clearly different from those in freshwater, yet species richness and abundance 
increased with decreasing soil salinity. We recorded no habitat-specifi c species, but Tetanocera arrogans was more abundant in 
brackish marshes. Malaise traps proved to be a successful and repeatable method of sampling sciomyzid communities, the spe-
cies composition of which was strongly site-specifi c. We conclude that extant Belgian brackish marshes have poor to moderately 
rich snail-killing fl y communities that lack unique species. Richness and abundance, however, increased as soil salinity decreased. 

INTRODUCTION

Saltmarsh and brackish marsh occur globally along 
sheltered coasts and in estuaries and have been altered 
or degraded by humans for many centuries, especially in 
Northern Europe. For example, 40% of the current territo-
ry of the Netherlands was previously saltmarsh (Airoldi & 
Beck, 2007; Gedan et al., 2008; Janssen et al., 2017). Main 
causes of habitat losses are land reclamation for agricul-
ture, coastal defence, expansion of coastal settlements and 
development of port facilities (Wolters et al., 2005; Airoldi 
& Beck, 2007; Bakker, 2014). Saltmarshes and brackish 
marshes are highly valued natural areas both for their large 
store of natural capital (e.g. high levels of stored carbon) 
and their large, productive and unique biodiversity (Mil-
lennium Ecosystem Assessment, 2005; Wieski et al., 2010; 
Pennings, 2012). In Western-Europe, an inland subtype of 
Atlantic saltmarshes that are no longer tidal as they are per-
manently cut off from the sea are common. These marshes 
are situated next to the coastline or in estuaries and are 
a result of embankments of tidal saltmarsh and brackish 
marsh. To distinguish them from other inland brackish 
marshes we call these marshes polder brackish marshes 
(PBM). Continued infl ow of saline seepage maintains their 
saline nature. It is suggested that PBM differ biologically 
from their tidal counterpart, however, knowledge is scarce 
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in longitudinal depressions. Malaise traps placed in PBMs were 
located within larger stands of typically brackish marsh vegeta-
tion. The collection bottle fi lled with 70% alcohol always point-
ed to the south. Traps were fenced off with a single strand of 
barbwire to fend off grazing cattle. Vegetation within and around 
the traps was regularly pushed or cut down during sampling to 
guarantee an open entrance to the traps. Malaise traps were de-
ployed between the end of March and end of October and samples 
were collected on average biweekly. The marshes were sampled 
in 2006 (VIRL), 2010 (DEMB), 2012 (DUNB, PAEP, MON, 
PUWE, OUD) and 2013 (UIT). All samples were sorted to fam-
ily level on white trays and all Sciomyzidae identifi ed to species 
level using Rozkoš ný  (1984), Vala (1989) and Rozkoš ný  (1991). 

At the brackish marsh sites soil salinity was measured in the 
vegetation surrounding the traps using rhizons (Rhizosphere©). 
Rhizons consist of 8.5 cm hydrophilic, porous polymer tubes that 
can be drilled into the soil. We exposed the tube at soil depths 
of −3 to −11.5 cm below ground level (see also Van de Meutter 
et al., 2016a). Negative suction pressure is created by vacuum 
tubes to collect soil moisture. An electrical conductivity probe 
(WTW © Multiline P3) was used to measure conductivity of 
the extracted fl uid. Water conductivity was then recalculated to 
chlorinity using an equation derived from previous fi eld studies 
on Belgian brackish marshlands (Van de Meutter et al., 2016b). 
Rhizon measurements were recorded at a site in the same year as 
the fl ies were sampled. At each site, pore water was collected with 
rhizons at 6 locations, stratifi ed over 2 common land cover types 
(open muddy soil and vegetation dominated by Juncus gerardii 
(Loisel.). Measurements were recorded at the end of April, begin-

tially good indicator species of marshlands (Carey et al., 
2017). They are comparatively well studied in terms of 
their potential as bio-control agents of disease-carrying or 
agriculturally important snails and slugs (Murphy et al., 
2012). Sciomyzid larvae with one exception are all obli-
gate natural enemies of Mollusca, being either predators or 
parasitoids (Keiper et al., 2002; Vala & Gbedjissi, 2011). 
The majority of their hosts are aquatic or semi-aquatic, 
which is why the diversity and abundance of snail-killing 
fl ies is highest in marshlands. Diversity of snail-killing 
fl ies in very saline environments is low (Neff & Berg, 
1962; Szadziewski, 1983; Knutson & Vala, 2011). Polder 
brackish marshes, however, generally tend to become de-
salinized over time and range from freshwater to brackish 
marsh depending on the infl ow of brackish seepage. Thus, 
they may offer a favourable and unique habitat for some 
invertebrate groups, including snail-killing fl ies, but as yet 
there is no data to validate this assumption.

The current study is part of a larger project to record 
the biodiversity in the scarce and threatened PBM habitat. 
Here we aim to study the snail-killing fl y communities in 
Belgian PBMs and compare them with those in freshwater 
marshes. Fly communities were sampled using standard 
fl ight interception traps in the four major remaining PBMs 
in Belgium and in some inland freshwater marshes. The 
main questions to be answered are: (1) What is the com-
position of snail-killing fl y communities in PBMs? (2) Are 
PBM snail-killing fl y communities consistently different 
from those in freshwater communities? (3) Are there any 
unique species present in PBMs? (4) How is the snail-kill-
ing fl y community in PBM affected by soil salinity?

MATERIAL AND METHODS
Study sites, sampling methods and processing

Four of the largest and best preserved PBMs in Belgium were 
selected for this study: Putten Weiden (10 ha, Kieldrecht, hence-
forth “PUWE”), ‘t Pompje (9 ha Oudenburg, “OUD”), Uitkerkse 
polder (39 ha in separated fragments near Blankenberge, “UIT”) 
and Monnikenwerve (8 ha, Lissewege, “MON”). The fi rst site is 
located in the polder along the Scheldt estuary near Antwerp, the 
other three are situated in the polder region near the North Sea 
coast (Fig. 1, coordinates in Table 1). Together these marshes 
make up nearly half of the extant area of PBMs in Belgium.

Freshwater marshes selected for this study (for coordinates 
see Table 1) were near the lake of Virelles (Virelles, “VIRL”), 
the Dunbergbroek (Holsbeek, “DUNB”), Demerbroeken (Scher-
penheuvel-Zichem, “DEMB”) and Papenbroek (Kaggevinne, 
“PAEP”). Each of these sites consists of a mixture of open marshy 
grasslands up to several hectares in extent with ditches, ponds or 
lakes and some shrub or woodland. Of all the sites studied, the 
brackish Putten Weiden and the freshwater Demerbroeken sites 
are prone to regular fl ooding in winter. Grazing is more common 
at brackish sites (3/4 brackish sites versus 1/4 freshwater sites), 
but sampling locations were located within ungrazed or lightly 
grazed (tall herbaceous vegetation present) areas. 

Snail-killing fl y communities were sampled using Malaise 
traps (black fabric, British museum type). The number of Ma-
laise traps deployed at the different sites is indicated in Table 1 
and ranged between 1 and 4. Malaise traps installed at the same 
site were at least 50 m apart. Traps were installed along trans-
verse vegetation structures such as reed belts and low shrubs or 

Fig. 1. Map of Belgium (in grey) showing the locations sampled. 
For abbreviations see Table 1.

Table 1. Marsh type, number of Malaise traps, year sampled and 
geographic coordinates of the sites sampled.

Site Fresh (F) /
Brackish (B) # traps Year Lat Long

VIRL F 4 2006 50.07192 4.33478
DEMB F 1 2010 51.01384 4.98380
MON B 2 2012 51.28940 3.20440
OUD B 2 2012 51.20930 3.03510
DUNB F 1 2012 50.93262 4.77543
PAEP F 1 2012 50.95821 5.02873
PUWE B 2 2012 51.28870 4.21960
UIT B 3 2013 51.28580 3.13330
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ning of June and fi rst half of August. For each site, we calculated 
the average of the soil salinities recorded on all dates and loca-
tions as an indicator of general soil salinity.

The regional ecology, status and distribution of sciomyzidae 
in Belgium used to interpret the results is based on a database 
(Nrecords = 4320) being developed by JM, which currently incorpo-
rates all the material in the collection of the Royal Belgian Insti-
tute of Natural Sciences and other material recently collected in 
Belgium by the authors.

Data analysis
Prior to the analyses, the raw data on species recorded on par-

ticular days were transformed to year sums for each species per 
trap. To compare the abundance of sciomyzid fl ies in freshwater 
and brackish marshes a Kruskall-Wallis test was used to test site-
averaged total snail-killing fl y abundance per trap. Because rich-
ness and abundance are correlated, we also constructed rarefi ed 
species accumulation curves using pooled trap samples per site in 
order to analyse differences in species richness. The rarefi ed spe-
cies number for each site at the lowest recorded trap abundance 
(N = 54, PAEP) was used to compare species richness of freshwa-
ter and brackish marshes using a Kruskall-Wallis test.

To explore community differences at the trap and site level, we 
applied Nonmetric Dimensional Scaling (NMDS) using the func-
tion metaMDS in the Vegan package. To test for differences in 
community composition between brackish and freshwater marsh-
land communities, we used the Analysis of similarities (ANO-
SIM) with 999 permutations. ANOSIM analyses were done for 
site level using data summed over all traps. Because of differ-
ences in sample sizes among sites, we used the Chao dissimilarity 
index. Species occurring in less than three Malaise traps and for 
which less than 10 specimens were caught in this study were not 
included in both the NMDS and ANOSIM. 

To test if typical indicator species of snail-killing fl ies exist for 
brackish marshland, we used a slightly modifi ed version of the 
Indicator species analysis (IndVal index) (Dufrêne & Legendre, 
1997) included in the Indicspecies package. The relation between 
soil salinity and species richness (both actual and rarefi ed) and 
abundance was calculated using Spearman rank correlation. 

The NMDS (using the function metaMDS), ANOSIM and rar-
efaction were done within the Vegan package (Oksanen et al., 
2018). The Indicator species analysis was done within the Indic-
species package (De Caceres & Legendre, 2009). All analyses 
were carried out in RStudio (RStudio Team, 2016).

RESULTS

Abundance and richness
A total of 1742 specimens and 40 species of sciomyzid 

fl ies were caught by the Malaise traps (Table 2). On av-
erage 118 specimens and 11.6 species of snail-killing 
fl ies were recorded per trap. Species richness (or species 
density, Gotelli & Colwell, 2001) tended to be lower in 
brackish marshes compared to freshwater marshes (H(1) = 
3.073, p = 0.08), but abundance did not differ (H(1) = 2.08, 
p = 0.15). The rarefi ed species number (at N = 54) was 
signifi cantly lower in brackish marshes than in freshwater 
marshes (H(2) = 4.083, p = 0.043).

Relation with soil salinity
Soil salinity at the different PBM sites varied consid-

erably and ranged from 12,000 [Cl−] (mg/l) at the Mon-
nikenwerve site to 3,100 [Cl−] (mg/l) at Oudenburg (for 
more details, see Van de Meutter et al., 2016a). Soil salinity 

correlated negatively with species density (rho = –0.79, p 
= 0.011) and species richness based on rarefaction (rho = 
–0.82, p = 0.007) and tended to correlate negatively with 
abundance (rho = –0.62, p = 0.072).

Community similarity
Stress levels for repeated runs of the NMDS were all 

< 12.2 with values of ~ 10 considered to be suitable for rea-
sonable interpretation (McCune & Mefford, 2016). In the 
NMDS plot of the Malaise trap data from the same PBM 
they are situated close to each other, indicating they had 
similar sciomyzid communities (Fig. 2). In the NMDS 
plots of both freshwater and PBM communities, PBM 
communities clearly separate from freshwater marshland 
communities along the fi rst axis (Fig. 3). The spatial con-
fi guration of the trap samples in the NMDS plot is very 
similar for analyses including all species (Nspecies = 40) or 
only selected species (Nspecies = 20), which indicates this is 

Table 2. List of all the species caught in this study with the number 
caught in each type of marsh (brackish, freshwater) and the total 
number of each species. In the heading of each column the number 
of Malaise traps used in each type of marsh is in brackets.

Species Brackish
(N = 9)

Freshwater
(N = 7) Total

Anticheta brevipennis (Zetterstedt, 1846) 2 5 7
Colobaea bifasciella (Fallen, 1820) 2 34 36
Colobaea distincta (Meigen, 1830) 1 0 1
Colobaea pectoralis (Zetterstedt, 1847) 0 13 13
Ditaeniella grisescens (Meigen, 1830) 3 0 3
Elgiva cucularia (Linnaeus, 1767) 1 11 12
Elgiva solicita (Harris, 1780) 12 1 13
Hydromya dorsalis (Fabricius, 1775) 3 3 6
Ilione albiseta (Scopoli, 1763) 19 4 23
Limnia paludicola Elberg, 1965 1 2 3
Limnia unguicornis (Scopoli, 1763) 25 28 53
Pherbellia albocostata (Fallen, 1820) 1 5 6
Pherbellia cinerella (Fallen, 1820) 4 0 4
Pherbellia dorsata (Zetterstedt, 1846) 4 7 11
Pherbellia goberti (Pandelle, 1902) 0 13 13
Pherbellia griseola (Fallen, 1820) 5 34 39
Pherbellia nana (Fallen, 1820) 5 0 5
Pherbellia schoenherri (Fallen, 1826) 0 33 33
Pherbina coryleti (Scopoli, 1763) 84 45 129
Psacadina verbekei Rozkosny, 1975 0 9 9
Psacadina zernyi Mayer, 1953 0 1 1
Pteromicra angustipennis (Staeger, 1845) 12 453 465
Pteromicra glabricula (Fallen, 1820) 0 1 1
Pteromicra leucopeza (Meigen, 1838) 2 2 4
Renocera pallida (Fallen, 1820) 0 108 108
Sciomyza dryomyzina Zetterstedt, 1846 0 12 12
Sciomyza simplex Fallen, 1820 43 93 136
Sciomyza testacea Macquart, 1835 10 19 29
Sepedon sphegea (Fabricius, 1775) 4 1 5
Sepedon spinipes (Scopoli, 1763) 4 0 4
Tetanocera arrogans Meigen, 1830 198 21 219
Tetanocera elata (Fabricius, 1781) 0 10 10
Tetanocera ferruginea Fallen, 1820 120 66 186
Tetanocera freyi Stackelberg, 1963 0 56 56
Tetanocera fuscinervis (Zetterstedt, 1838) 0 12 12
Tetanocera hyalipennis Roser, 1840 0 15 15
Tetanocera montana Day, 1881 0 16 16
Tetanocera punctifrons Rondani, 1868 0 1 0
Tetanocera silvatica Meigen, 1830 0 43 43
Trypetoptera punctulata (Scopoli, 1763) 0 4 4
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a stable pattern. The distinction between freshwater and 
PBM snail-killing fl y communities is further confi rmed by 
the results of the ANOSIM analysis (R = 0.78, p = 0.041). 
Five species were found only in brackish marsh: Colobaea 
distincta (Meigen, 1830), Ditaeniella grisescens (Meigen, 
1830), Pherbellia cinerella (Fallen, 1820), Pherbellia nana 
nana (Fallen, 1820) and Sepedon spinipes (Scopoli, 1763). 
All fi ve species occurred in low numbers. The indicator 
species analysis revealed one species with a signifi cant In-
dVal score related to brackish marsh: Tetanocera arrogans 
Meigen, 1830. This species was the second most com-
mon species sampled and 90.4% of them were recorded in 
brackish marsh. 

DISCUSSION

Polder brackish marshes are a rare habitat in Belgium 
and Europe and there is little known about their entomo-
fauna. There is an urgent need to document this diversity 
and its unique properties as their habitat, brackish marshes, 
is under threat. The current study focuses on snail-killing 
fl ies in the remaining Belgian PBMs and compares it with 
the situation in freshwater marshes. Polder brackish marsh-
land snail-killing fl y communities were relatively species 
poor compared to freshwater marsh communities, but more 
diverse than recorded in tidal brackish or saltmarsh com-
munities (Mortelmans J. & Van de Meutter F., pers. obs., 
Szadziewski, 1983). Species richness and abundance of 
snail-killing fl y communities in PBM increased with de-
creasing salinity. Tetanocera arrogans is an indicator spe-
cies of PBM, however it is a widespread and common spe-
cies in Belgium. We conclude that currently Belgian PBMs 
support snail-killing fl y communities intermediate between 
freshwater and tidal brackish or saltmarsh communities, 
with diversity and abundance increasing with decrease in 
soil salinity, but lack unique species.

Of the fi ve species uniquely found in the brackish marsh-
es in this study, only D. grisescens is associated exclusive-
ly with the Belgian polder ecoregion where the PBMs are 

located. A coastal affi nity of this species is also reported by 
Szadziewski (1983), however this is not an obligate feature 
of this species as there is one historical inland record for 
Belgium and elsewhere this species is reported from other 
ecoregions (e.g., Speight & Knutson, 2012). The other four 
species, however, are not confi ned to PBMs within Bel-
gium and are not unique species of brackish marsh. Their 
unique presence in PBMs may be a sampling effect. An 
indicator species identifi ed by the Indval analyses, which 
was abundant in the brackish marshes sampled, was T. ar-
rogans. This species is considered to be linked with ter-
restrial (Chapman et al., 2006) or semi-terrestrial habitats 
(Knutson & Vala, 2011; Vala et al., 2012), where it lives as 
a parasitoid of Succineidae snails. In Belgium it is a wide-
spread species, but in the absence of detailed information 
on the presence and abundance of potential hosts, it is un-
clear why it preferred brackish marsh in this study.

The strong negative effect of soil salinity on the rich-
ness and abundance of snail-killing fl ies is probably largely 
due to its detrimental effect on their molluscan larval hosts 
(e.g., Costil et al., 2001; Gérard et al., 2003). A similar ra-
tionale is used to explain the negative relationship between 
sciomyzid diversity and soil pH (Carey et al., 2017). We 
do not think that our results are signifi cantly affected by 
other environmental parameters such as fl ooding frequen-
cy or grazing management (Williams et al., 2009). Flood-
ing frequency was not different at brackish and freshwater 
sites. Grazing management was more common on brackish 
marshes, however in the absence of grazing the community 
composition or richness did not shift from typically brack-
ish to freshwater or vice versa. Traps were installed so that 
the type of vegetation surrounding them was structurally 
similar at all sites, which may have alleviated differences 
due to management, or its effect was simply subordinate 
to that of salinity. The presence of Sciomyzidae in PBM 
is probably due to the spatially complex salinity gradients 

Fig. 2. NMDS plot of the snail-killing fl y catches in brackish marsh-
es. For site abbreviations: see Table 1. Each name on the plot rep-
resents a Malaise trap.

Fig. 3. NMDS plot of the snail-killing fl y catches in freshwater and 
brackish marshes. For site abbreviations: see Table 1. Each name 
on the plot represents a Malaise trap. Envelopes were drawn for 
freshwater (F) and brackish (B) sites with the letters indicating the 
centroids.
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often found in such systems (Van de Meutter et al., 2016b), 
commonly resulting in a mosaic of freshwater and brackish 
conditions in such marshes. In addition, in Belgian PBMs 
soil has a high pH and relatively high levels of Ca2+, which 
is benefi cial for molluscs and may favour a good number 
of sciomyzid species where salinity levels are low. Inven-
tories of Belgian coastal saltmarshes and brackish marshes 
in the tidal Scheldt estuary reveal an extremely poor scio-
myzid communities, which may be typical of such habitats 
(Mortelmans J. & Van de Meutter F., pers. obs., Szadziews-
ki, 1983). It appears that PBM communities differ greatly 
from their tidal counterparts by having much richer scio-
myzid communities. 

Malaise traps proved to be a reliable method for sampling 
snail-killing fl ies. Standard Malaise traps intercept insects 
fl ying less than a meter above the soil. Because of their 
intimate link to ground-dwelling slugs and snails, snail-
killing fl ies are mostly found close to the ground (Knutson 
& Vala, 2011; Murphy et al., 2012) and therefore are well 
sampled by Malaise traps. Whether Malaise traps provide 
unbiased community samples is another issue and is chal-
lenged by Carey et al. (2015), however their study is based 
on a very small sample compared to ours. How strong 
any sampling bias may be for sciomyzid fl ies remains to 
be established. More importantly, our results indicate that 
Malaise traps placed within the same marshland (but still 
50–500 m distant) yielded very comparable results (Figs 2, 
3). This is also reported by Carey et al. (2017) who associ-
ated it with the restricted mobility of snail-killing fl ies and 
their strong affi nity for specifi c, local conditions (Williams 
et al., 2010). This is an important fi nding, as it gives further 
support both for our method of sampling marshland scio-
myzid fauna and the results obtained. 

Polder brackish marshland conservation and manage-
ment is mainly focused on birds and vegetation. Continuing 
threats to the persistence of ancient PBMs and the strong 
management focus on birds highlights the need for more 
knowledge on other aspects of the biodiversity in these 
habitats. Previous research show the high intrinsic value 
of Belgian PBMs for horse-fl ies (Tabanidae) and their de-
pendence on a stable groundwater level (Van de Meutter 
et al., 2016a). Current study shows that PBM may house 
moderately diverse communities of snail-killing fl ies, how-
ever they are not as important a sciomyzidae habitat as in-
land freshwater marshes. Species diversity, species density 
and abundance were higher in the less saline PBMs, which 
indicates that the importance of PBM for snail-killing fl ies 
increases with decreasing salinity. With respect to the sam-
pling technique, our study revealed that Malaise traps pro-
vide highly repeatable and site-specifi c results and are very 
suitable for the study of snail-killing fl y communities. We 
conclude that PBMs in Belgium are not inhabited by abun-
dant or specifi c sciomyzid fl ies, but that their importance 
increases with decreasing soil salinity. 
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