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Abstract

The main objective of this paper is to report habitat occupancy, naturalness status and phenology of Urocoras
longispinus (Kulczynski, 1897), a little-known spider species. Sampling was conducted in Natura 2000 habitats
of the Matra Mountains, and four disturbed mainroad verges in Hungary between 2012 and 2015. We recorded
348 adult specimens active throughout the year, but abundance was highest in autumn. In the Matra Mountains
shrub removal negatively affected the abundance of U. lonsgspinus: the species preferred shaded habitats. The
intensity of mowing maintenance caused changes in the species’ abundance in mainroad verges: the number of
individual spiders increased as a result of both without maintenance and enhanced maintenance. We conclude
that U. longispinus is a stenochronous spider species which lives in both human-disturbed and undisturbed

habitats. However, the nature of the disturbance influenced the abundance of this species to varying degrees.
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Introduction

Agelenidae C. L. Koch, 1837 is a large family of funnel weaver spiders, including 222 species in Europe
(Nentwig et al. 2018). The genus Urocoras of this family was established by Ovtchinnikov (1999), which
includes four species in Europe (Nentwig et al. 2018). The family is represented in Hungary by 17 species,
included in 10 genera. Only one species of the genus Urocoras is known from Hungary (Samu and Szinter
1999): Urocoras longispinus (Kulczynski, 1897), which is abundant and not threatened, however it is mentioned
as a rare species in a study by Lorinczi et al. (2011). Another study (Antov et al. 2004; Gajdos 2010; Horak

1992) provides information about the occurrence of this species, but it is considered a rare spider species in



Europe, and little information is available regarding its biology (Nentwig et al. 2018). In the study of
Milasowszky and Strodl (2006) U. longispinus is included as a rare spider species of Central Europe.

It was described in 1897 from multiple localities in Hungary (Séatoraljatjhely, Szdll6ske, Budapest), and
Beregszasz, and two localities in Romania by Chyzer and Kulczinsky (1897) under the name Coelotes
longispina. It is found in Central and Eastern Europe: Poland (Kulczynski 1906), Bulgaria (Drensky 1942),
Slovakia (Miller 1971), Ukraine (Ovtchinnikov 1999), Austria (Kropf and Horak 1996), Serbia-Montenegro
(Nikolic and Polenec 1981), and Romania (Weiss and Urak 2000).

Grassland management is used to preserve the original grassy habitats for several fauna species, thereby
preventing the ecological succession within Natura 2000 habitats of the the Matra Mountains. As a result of
deforestation, grasslands dominate the landscape and are subsequently managed by mowing and grazing. The
traditional meadow and pasture agriculture has now completely disappeared, and consequently the composition
of species in the meadows has changed. It is necessary to suppress the growth of shrubs in order to protect the
original condition of the grassland vegetation.

The method and intensity of maintaining management practices usually aligns with the road network, which
affects species and ecological processes. There is a well-established relationship between maintenance
management of verges for vegetation richness (Schaffers 2002; Sycora et al. 2002) and biodiversity, and the
structure of arthopods assemblages (Marini et al. 2009; Humbert et al. 2010; Dolezal et al. 2011; Wansink et al.
2016). However, mowing on roadside verges needs to be properly coordinated becasuse intensive management
poses risks to meadow insects (Saarinen et al. 2005).

Catalogues of European spiders, such as the Catalogue of Buchar and Ruzicka (2002), website of Czech
Arachnology Society (https://arachnology.cz) and Central European Spiders (Nentwig et al. 2018) do not include
U. longispinus or provide little information about the naturalness status, habitat preference and phenology of this
species. In this context, this study is intended to review the current status of this spider species. Also, our
objectives were to describe the effect of different grassland management methods, disturbance, climatic
conditions and seasonality on abundance of U. longispinus, and how phenology may evolve, considering the
different habitats it potentially occupies. Species abundance was examined only in the case of impact assessment
of grassland management in the Matra Mountains and roadside verges. Besides this, we examined the species in

relation to habitat-preference, climate and seasonality.

Materials and methods
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During our study we used the results of three projects to examine the habitats occupied by U. longipinus. Data
collection was done in two localities: the Matra Mountains, situated in northeastern Hungary, and four roadside
verges in Cental Hungary.

Project 1. Four localities (1. Sar Hill Nature Reserve, 2. Gyongyossolymos, 3. Falloskut, 4. Parad) (Fig. 1) were
selected in the Matra Mountains between 2012 and 2015, and all localities contained a shrub, a treated shrub and
a hay meadow to research shrub removal. Sar Hill Nature Reserve is protected and a Special Area of
Conservation (SAC), and Gyongydssolymos, Falloskut and Parad are protected and Special Protection Areas
(SPA) of the Natura 2000 network. Two mountain sites were situated in the Southern part of Matra, and two in
the high-altitude parts of Matra (Szmatona-Turi et al. 2017).

Project 2. We investigated the species occurrence in the South-Western and the South-Eastern Matra between
2014 and 2015. Double-glass pitfall traps filled with ethylene glycol were established on eight sampling sites
(Fig. 1). Four of these habitats (a, f, e, h, g) were situated in SPA, one habitat (d) was on SPA and protected area,
one habitat (b) was a protected and SAC, and one habitat on area does not have conservation status. Five traps
were deployed 4-5 m along a transect. The traps were deployed twice (2012 and 2015: May-July, September-
November; also 2014 and 2015: March-April, September-October) over a six week period each year (Szmatona-
Thri et al. 2017).

Project 3. Along the Hungarian roads data was collected on verges beside four sampling sites representing the
main types of verge habitats between 2014 and 2015 (Fig. 1). All localities (I. Pilisjaszfalu, II. Herceghalom, III.
Many, IV. Agard) included three sections representing (1) without maintenance (non mown), (2) normal
maintenance (mown once or twice a year) and (3) enhanced maintenance (mown three or four times a year). The
distance between two sections was 100 m. In each section five pitfall traps were established which were 5 meters
from each other, and they were located 1,5 m from the roads. Double glass pitfall traps filled with ethylene
glycol were used which were left in the field for three weeks and three times a year in different seasons (April-
May, July-August, October-November). Variancia data in treatments and seasons were analysed by a Two Factor

ANOVA without Replication.

Sampling sites:
Project 1.
Shrubs - all four localities: Pruno spinosae-Crataegetum

Treated shrubs of localities 1 and 2: Campanulo-Stipetum tirsae



Treated shrubs of localities 3 and 4: Pastinaco-Arrhenatheretum

Hay meadows of localities 1 and 2: Campanulo-Stipetum tirsae

Hay meadow of locality 3: Anthyllido-Festucetum rubrae,

Hay meadow of locality 4: Pastinaco-Arrhenatheretum and Festuco ovinae-Nardetum
Project 2.

a, b: Rocky grasslands (Potentillo-Festucetum pseudodalmaticae)

¢, d: Clearing forests (Corno-Quercetum pubescentis)

e: Low forest (Ceraso mahaleb-Quercetum pubescentis)

f, g: Forest steppes (Campanulo-Stipetum tirsae)

h: Oak forest (Quercetum petraeae-cerris)

Project 3.

1. arid grassland (Seseli leucospermo - Festucetum pallentis)

II. plantation forest as protective tree line (Robinia pseudoacacia-Populus sp.- Acer campestre)
III. agricultural area (arable)

IV. wet plantation forest (Populus sp.)

Results

A total of 356 adult specimens of U. longispinus were collected in two sampling areas. In the Matra Mountains
we found 312 specimens (48 females, 264 males) over four years of sampling, but in roadside verges we
recorded only 44 individuals (7 females, 37 males) in traps over two years. All specimens collected in the Matra
Mountains were recorded from the southern part of the mountains (Sar Hill, Gyongydssolymos) which are
covered by xerotherm oak forests. We found U. longispinus in clearings within forests and in forest steppes. In
areas located at higher altitudes of Matra (Falloskat, Parad) this species was absent (Fig. 1). The highest species
abundance was recorded in Gydngydssolymos, followed by Sar Hill (Fig. 2 a). Along roads, the species was
absent in verges near wet forest and agricultural areas. The highest species abundance was recorded in verges
near protective forest followed by verges near dry grassland (Fig. 2 b). Abundance of U. longispinus increased
after shrub control, then decreased in the second and third year thereafter (Fig. 3). Compared to the shrubs with
open habitats, therelative abundance of the species was 7, 96% in the shrubs, 4, 52% in the treated shrubs and 4,
84% in the hay meadows. There was a decrease in abundance from shrubs to hay meadows in almost all

sampling months (Fig. 4 a). There was a significant difference in the abundance in the seasons studied, but there



was no significant difference in the abundance in treatments at the 95% level of confidence (Table 1). Intensity
of maintenance mowing along road verges influenced the species’ abundance in all sampling months: abundance
was highest in enhanced mowed regimes in October and in without mowing regimes in November (Fig. 4 b). We
conclude that there was a significant difference in spider abundance in the seasons studied, but there was no
significant difference in abundance in maintenance mowing intensity (Table 2). Considering both study areas
and all projects, U. longispinus was found in all sampling months (from March to November). The activity peak
of this species is typically during October in Matra Mountain, but along roads activity peaked in November. In
the Matra Mountains this species was found throughout all sampling periods, but its abundance decreased in
June, then increased in October. Along roads the species was absent in spring, but its abundance increased from

August to November (Fig. 5 a, b).

Discussion

There are many published data concerning U. longispinus in Hungary (Samu and Szinetar 1999). But the
occurrence of this species has never been documented in the Matra Mountains, where previously Chyzer and
Kulczinsky (1918) and Kolosvary (1935) conducted arachnological research which listed 33 spider species
including four species of Agelenidae: Agelena labyrinthica (Clerck, 1757), Histopona torpida (C. L. Koch,
1837), Tegenaria domestica (Clerck, 1757), Tegenaria silvestris L. Koch, 1872.

The occurrence of U. longispinus in Natura 2000 areas and mainroad verges indicates that this species prefers
semi-natural and disturbed areas. But the nature of the disturbance determines the abundance of U. longispinus.
Examination of verges along roads showed that the species does not tolerate intensive disturbances because it
was not present in verges besides agricultural habitats, where the verges were situated between two roads. A
higher abundance of U. longispinus in verges besides less disturbed areas shows these habitats provide more
suitable conditions. According to other studies, this species can be found in agricultural habitats such as winter
oilseed rape fields (Drapela et al. 2008) and in arables (Steinberger and Haas 1991). U. longispinus maybe
absent in verges near agricultural habitats because the verges are isolated by two roads thereby restricting
between-verge migration.

Disturbance caused by repeated mowing positively influenced the abundance of U. longispinus. The increased
abundance may be the result of hay being kept on the sampling sites, which retained humid shelter sites favoured
by the species. This result supports the idea the species may prefer warmer climates, and furthermore, it was

absent from regions at 700-950 m a.s.l. of the Matra Mountains and was present at lower altitudes and warmer



areas. A mountain climate is typical of the region at higher altitude which outstands in isolation from
neighbouring warmer climate regions. This assertion is supported by Hebar (1980), who demonstrated it to be a
thermophilic species. But, on occasion, U. longispinus occurs in higher mountains, such as the Osogovska
Planina Mountain of southwestern Bulgaria (Deltshev 1995). The species is found in mountainous and hilly
districts of Hungary: Petd Hill, Péter Hill, Bakony Mountain (Loksa 1966), Somlé (Szinetar 1991), Palhazi Hill,
Bakonybél (Loksa 1971).

During our study, U. longispinus was not found in wet forest, similar to a study by Kropf and Horak (1996) who
found that this species prefers dry habitats. Several studies (Malicky 1972; Hebar 1980; Steinberger and Haas
1991) have shown the species occurs in dry grasslands. However, the abundance of U. longispinus is lower in
meadows compared with forests (Katusic 2008; Lorinczi et al. 2011). According to our study, U. longispinus
prefers shrubs and forest because fewer specimens were present in grasslands than in partly shaded and shaded
habitats. This result is supported by our observations of the species’ lower abundance after shrub removal, which
opens the habitats to increased sunshine. The number of specimens increased in only the first year after shrub
removal maybe because of persisting disturbance resulting from the treatment. Our hypothesis is supported by
the fact that the number of all spider species increased during our examinations. Similarly to our data, Szinetar
(1991) found U. lonsigpinus in SzEki Forest in Hungary. According to some studies, this species is considered an
eudominant species of forests in Slovakia (Gajdos 2010; EliaSova et al. 2015) and Serbia (Gaji¢ and Gordana
2016), where it mainly occurs in beech forest (Horak 1992), pine wood (Schaberreiter 1999), and oak wood
(Balogh and Loksa 1948; Steinberger 2004). During our study, this species preferred xerotherm oak forest of the
Matra Mountains, since it was absent in beech forest situated in higher region. Also plantations with Populus sp.
and Robinia pseudoacacia beside roadside verges provided suitable habitat for this species, a similar result to
Steinberger and Haas (1991), who found it in Robinia planatations.

U. longispinus is an stenochronous species (Kirch 2001). Our results support this, and we found the species
during the whole year (from March to November), with one peak of activity in autumn. The active season of this
spcies is October in the Matra Mountains, a location which is colder than in the roadsides we examined, whereas
activity in roadside verges peaked in November. The differences between the structure of both habitat types
influences the mesoclimate which likely contributed to the shift in the activity peak of U. longispinus.

U. longispinus was recorded firstly in the Matra Mountains. It is a thermophilic spider species which has an
activity peak in autumn. This rare and little known European species prefers natural habitats, but also succesfully

adapts to disturbed habitats. U. longispinus lives principally in shaded habitats mainly in xerotherm oak forest of



the Matra Mountains, but plantations along mainroads also provide suitable habitat conditions for U. longispinus.
This species occurs in forest clearings and forest steppes, but shrub control and normal maintenance mowing
negatively influenced abundance. While this single species does not represent all spider species, our study
showed that there are some spiders that negatively respond to grassland management, and little information is
available regarding the biology of species such as U. longispinus. Therefore it is essential to further examine the
ecological requirements of U. longispinus, and to better cordinate shrub control and mowing so that the shaded
habitats preferred by this species are conserved. From an ecological perspective, it is worthwhile to reduce the
extend of deforestation, and intensity of application of mosaic treatments, and to consider the long-term

maintenance of edge habitats in these areas.

Conflict of interest: The authors declare that they have no conflict of interest.
Ethical approval: All applicable international, national, and/or institutional guidelines for the care and use of
animals were followed.

Informed consent: Informed consent was obtained from all individual participants included in the study.

References

Antov A, Lazarov S, Delthev C, Blagoev G (2004) Spiders from the Sofia Region. A Faunistic and
zoogeographical analysis. In: Penev L, Niemeld J, Kotze DJ, Chipev N (eds) Ecology of the City of Sofia.
Species and communities in an urban environment. Pensoft Publishers, Sofia-Moscow, pp 355-363

Balogh JI, Loksa I (1948) Arthropod coenosis of the litter stratum of an oak forest. Arch Biol Hung Ser 2 18:
264-279

Blauwe R de (1973) Révision de la famille des Agelenidae (Araneae) de la région méditerranéenne. Bull Inst R
Sci Nat Belg 49 (2): 1-111

Buchar J, Ruzic¢ka V (2002) Catalogue of spiders of the Czech Republic. Library of Congress Cataloging in
Publication Data

Chyzer C, Kulczynski W (1897) Araneae Hungariae. Tomus II. Academia Scientarum Hungaricae. Budapest, pp
147-366

Chyzer K, Kulczynski U (1918) Ordo Araneae. A Magyar Birodalom Allatvildga. [The Fauna of the Hungarain

Empire]. III. Arthropoda. K. M. Természettudomanyi Térsulat. Budapest, 1920



Deltshev C (1995) A review of the family Agelenidae (Araneae) in Bulgaria. Taxonomic, faunistic and
zoogeographical analysis. Eur J Entomol 92: 581-588

Dolezal J, Maskova Z, Leps J, Steinbachova D, de Bello F, KlimeSova J, Tackenberg O, Zemek F, Kvét J (2011)
Positive long-term effect of mulching on species and functional trait diversity in a nutrient-poor mountain
meadow in Central Europe. Agr Ecosyst Environ 145: 10-28

Drapela T, Moser D, Zaller JG. Frank T (2008) Spider assemblages in winter oilseed rape affected by landscape
and site factors. Ecography 31: 254-262. https://doi.org/10.1111/1.0906-7590.2008.5250.x

Drensky P (1942) Die Spinnenfauna Bulgariens V. Mitt Konigl Naturwissensch Inst 15: 33-60

Eliasova M, Gajdos P, Kollar J, Zuzulova V, Siska B (2015) Seasonal activity of two groud dwelling arthropod
groups at forest stands under different management regimes at the locality bab (SW Slovakia): The analysis of
preliminary results and some suggestion for long-term ecological research. In: Siska et al. (eds) Towards climate
services: international scientific conference. Nitra, Slovakia

Gajdos P (2010) Epigeic spiders (Araneae) research area Ban near Nitra. Rosalia 21: 87-102

Gajdos P P, Svaton J, Sloboda K (1999) Katalog pavikov Slovenska. [Catalogue of Slovakian spiders]. Ustav
krajinnej ekologie Slovenskej akadémie vied, Bratislava

Hebar K (1980) Zur Faunistik, Populationsdynamik und Produktionsbiologie der Spinnen (Araneae) des
Hackeisberges im Leithagebirge (Burgenland). Sitzungsberichte Osterreichische Akademie derWissenschaften,
Mathematisch-Naturwissenschaftliche Klasse, Abteilung I 189: 83-231

Horak P (1992) Bemerkenswerte Spinnenfunde (Arachnida: Araneae) aus der Steiermark. Mitt Naturwiss Ver
Steiermark 122: 167-171

Humbert JY, Ghazoul J, Sauter GJ, Walter T (2010) Impact of different meadow mowing techniques on field
invertebrates. J Appl Entomol 134: 592-599. https://doi.org/10.1111/j.1439-0418.2009.01503.x

Katusic L (2008) Spiders (Arachnida: Araneae) on flooded and non-flooded meadows in Lonjsko Polje Nature
Park. Croatia Nat Croat 17 (2): 113-130

Kirch S (2001) Bestandesaufnahme ausgewéhlter epigdischer Arthropodengruppen in einem Linden-Niederwald
auf dem Eichkogel (Mddling, Niederdsterreich). Verh Zool Bot Ges Osterr 138: 17-33

Kropf C, Horak P (1996) Die Spinnen der Steiermark (Arachnida, Araneae). Mitt Naturwiss Ver Steiermark, pp
5-112

Kolosvary G (1935) Beitrdge zur Spinnenfauna des Matragebirges un der Villanyer Gegend. Folia Zool et

Hydrobiol 8: 267-278



Kulczynski W (1906) Fragmenta arachnologica. VII. Bulletin International de 1'Academie des Sciences de
Cracovie 1906: 417-476

Loksa I (1966) Die bodenzoozonologischen Verhéltnisse der Flaumeichen-Buschwilder Siidostmitteleuropas.
Akadémiai Kiadd, Budapest

Loksa I (1971) Zoozoénologische Untersuchungen im nordlichen Bakony Gebirge. Annales. Universitatis
Scientiarum Budapestiensis de Rolando E6tvos nominatae. Sectio Biologica Tomus 13: 301-314

Lérinczi G, Bozs6 M, Duma I, Petrescu M, Gallé R, Torma A (2011) Preliminariy results on the invertebrate
fauna (Araneae, Orthoptera, Heteroptera and Hymenoptera: Formicidea) of alkaline grassland of the Hungarian-
Romanian border. In: Kérméczi L (ed) Ecological and socio-economic relations in the valleys of river
Koros/Cris and river Maros/Mures. Szeged-Arad, pp 159-173

Malicky H (1972) Spinnenfunde aus dem Burgenland und aus Niederdsterreich (Araneae). Wissenschaftliche
Arbeiten aus dem Burgenland 48: 101-108

Marini L, Fontana P, Battisti A. Gaston KJ (2009) Agricultural management, vegetation traits and landscape
drive orthopteran and butterfly diversity in a grassland-forest mosaic: a multi-scale approach. Insect Conserv
Diver 2: 213-220

Milasowszky N, Strodl M (2006) Beitrage zur Spinnen- und Laufkéferfauna Wiens (Arachnida, Araneae;
Coleoptera, Carabidae): Untersuchungen im Sternwartepark der Universitit Wien (Osterreich). Beitrige zur
Entomofaunistik 7: 21-31

Miller F (1971) Pavouci-Araneida. Kli¢ zvifeny CSSR 4: 51-306

Nentwig W, Blick T, Gloor D, Hianggi A, Kropf C (2017) Spiders of Europe. https://araneae.unibe.ch. Accessed
27 december 2017

Nikoloc F, Polenec CA (1981) Aranea. Catalogus Faunae Jugoslaviac. Academia Scientiarum et Artium
Slovenic 3: 1-135

Ovtchinnikov SV (1999) On the supraspecific systematics of the subfamily Coelotinae (Araneae, Amaurobiidae)
in the former USSR fauna. Tethys Entomological Research 1: 63-80

Samu F, Szinetar Cs (1999) Bibliographic check list of the Hungarian spider fauna. Bull Br Arachnol Soc 11 (5):
161-184

Saarinen K, Valtonen A, Jantunen J, Saarnio S (2005) Butterflies and diurnal moths along roadverges: Does
road type affect diversity and abun-dance? Biol conserv 123: 403-41.

https://doi.org/10.1016/j.biocon.2004.12.012

10



Schaberreiter I (1999) Bestandsaufnahme ausgewéhlter epigdischer Arthropodengruppen in einem Fohrenwald
auf dem Eichkogel (Médling, iederdsterreich). Verh Zool-Bot Ges Osterr 136: 87-108

Schaffers AP (2002) Soil, biomass, and management of semi-natural vegetation. Part I: Interrelationships. Plant
Ecol 158: 229-246

Steinberger KH, Haas S (1990) Epigédische Spinnen und Laufkifer im Kulturland der Parndorfer Platte: Zur
Bewertung einer ostdsterreichischen rockenlandschaft. Verhandlungen der Gesellschaft fiir Okologie (Osnabriick
1989) 19: 126-131

Steinberger KH (2004) Zur Spinnenfauna der Parndorfer Platte, einer Trockenlandschaft im OstenOsterreichs
(Burgenland) (Arachnida: Araneae, Opiliones). Denisia 12: 419-440

Sykora KV, Kalwij JM, Keizer P-J (2002) Phytosociological and floristic evaluation of a 15-year ecological
management of roadside verges in the Netherlands. Preslia 74: 421-436

Szinetar Cs (1991) Pokfaunisztikai vizsgalatok a Somlon és a Devecseri Széki-erd6ben 1. Folia Mus Hist-Nat
Bakonyiensis 10: 179-190

Szmatona-Turi T, Vona-Turi D, Magos G, Urban L (2017) The effect of grassland management on diversity and
composition of ground-dwelling spider assemblages in the Matra Landscape Protection Area of Hungary.
Biologia 72 (6): 642-651. https://doi.org/10.1515/biolog-2017-0075

Wansink D, Tukker A, Weiperth A. Puky M7, Gal B (2016) Cost-effective maintenance to support the
ecological functions of roads. Harmony procedures for the design of roads in harmony with wildlife. CEDR Call
2013: Roads and wildlife — Cost efficient road management. Deliverable G, Part A, pp 54.

Weiss I, Uradk I (2000) Faunenliste der Spinnen Ruméniens. Checklist of the Romanian spiders (Arachnida:

Araneae). http://members.aol.com/Arachnologie/Faunenlisten.htm. Accessed 27 december 2017

11


http://members.aol.com/Arachnologie/Faunenlisten.htm

Table 1. Results of variance for the eff ect of treatment (shrubs, treated shrubs, hay meadows) in the Matra
Mountains and seasons on abundance of Urocoras longispinus
Table 2. Results of of variance for the eff ect of maintenance mowing (without maintenance, normal

maintenance, enhanced maintenance) on roadside verges and seasons on abundance of Urocoras longispinus
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Sum of sqrs df Mean square F P
Seasons 3101,67 3 1033,89 11,9794 0,006052
Treatments 1101,5 2 550,75 6,3814 0,327
Error 517,833 6 86,3056
Total 4721 11
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Sum of sqrs df Mean square F P
Seasons 197,556 2 98,7778 55,5625 0,001207
Maintenance 422222 2 2,11111 1,1875 0,3937
Error 7,11111 4 1,77778
Total 208,889 8
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Fig. 1 Sampling sites in the Matra Mountains to examine shrub removal (1-4), and to evalute fauna (a-h), and
along roadsides (I,-IV.) (®:U. longispinus is present, A: U. longispinus is absent)

Fig. 2 Abundance of U. longispinus in the Matra Mountains (Southern part of mountain: Sar Hill and
Gyongyossolymos, high-altitude part of mountain: Falloskut and Parad) (a), and in mainroad verges considering
the verge types (b)

Fig. 3 Annual changes in abundance of U. longispinus in the Matra Mountains influenced by shrub removal

Fig. 4 Abundance of U. longispinus in the Matra Mountains influenced by shrub removal and mowing (a), and in
mainroad verges influenced by maintenance mowing in relation to sampling months (b)

Fig. 5 Activity peak of U. longispinus between 2012 and 2015 in the Matra Mountains (a), and in mainroad

verges between 2014 and 2016 (b)
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