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ANOTACIJA

Kalkainie zalu purvi tiek uzskatiti par vienu no visapdraudétakajam ekosis-
témam Eiropa. Taja pasa laika tie ir arl viens no visdaudzveidigakajiem bioto-
piem, jo tajos ir atrodams neticami bagats un daudzveidigs augu un dzivnieku
sugu klasts. Tomér, neskatoties uz $o biotopa daudzveidibu, kalkainie zalu purvi
joprojam ir loti vaji izpétiti, Ipasi runajot par purva bezmugurkaulniekiem, to-
starp zirnekliem. Nemot véra, ka zirnekli ir labi bioindikatori, ir noderigi pétit
to ekologiju retos un apdraudétos biotopos.

Pétijuma meérkis bija izpétit zirneklu faunu un ekologiju, tai skaita zirneklu
sugu sastavu, daudzveidibu, telpisko izplatibu un faktorus, kas ietekmé zirnek-
lus Latvijas kalkainajos zalu purvos. Pétijums veikts 2010., 2011. un 2012. gada
vasaras méneSos astonos dazados Latvijas kalkainajos zalu purvos. Zirneklu
ievaksana tika veikta, izmantojot augsnes lamatas un/vai entomologisko tiklinu.

Analizétaja materiala bija 8967 pieaugusi zirneklu individi, kas parstavéja
21 dzimtu un 149 sugas. Pétijuma rezultati liecinaja, ka zirneklu sugam un
dzimtam ir tendence stratificéties pa biotopa vertikilo dimensiju - zirneklu
sugu sastavs biotopa piezemes stava loti atskiras no sugu sastava zalaugu stava.
Pretéji tam, zirneklu funkcionalo grupu struktiira starp piezemes stavu un za-
laugu stavu bija lidziga - katra no pétitajiem vegetacijas slaniem bija sastopamas
lidzigas funkcionalas grupas diezgan lidzigas proporcijas. Rezultati radija ari,
ka lielaka dala individiem bagatigo zirneklu sugu, kas apdzivo kalkainos zalu
purvus, ir higrofilas un/vai fotofilas. Turklat rezultati paradija, ka zirneklu sugu
sastavs ievérojami atskiras starp dazadiem purviem, ka ari dazadam purva da-
lam, kas liela méra izskaidrojams ar biotopa strukturalajam ipasibam - daudz-
veidigaka vegetacija kopuma satur lielaku zirneklu sugu skaitu.

Pétijuma autore ari demonstré jaunu un multidisciplinaru pieeju zirneklu
izplatibas kartéSanai purvu biotopos, izmantojot talizpétes, GIS un masinma-
ciSanas metodes. Rezultati ir daudzsolosi, paradot, ka ir iespéjams klasificét
zirneklu biotopus (t.i., vegetacijas tipus), izmantojot loti augstas telpiskas izskirt-
spéjas aerofotografiju un masinmacisanas algoritmu Random Forest. Kopuma §1
jauna pieeja varétu bit potenciali noderiga dabas aizsardzibas konteksta Latvija,
jo to varétu izmantot apdraudéto zirneklu un citu posmkaju sugu izplatibas
monitoré$ana.

Atslégas vardi: kalkainie zalu purvi; zirneklu fauna; zirneklu ekologija; zirneklu
daudzveidiba; virsaugsnes stava zirnekli; zalaugu stava zirnekli; zirneklu ver-
tikala stratifikacija; zirneklu ekologiskas grupas; zirneklu funkcionalas grupas;
vegetacijas struktiira; talizpéte; GIS; masinmacisanas



1.

SATURA RADITAJS

TEVA DS 6
L1 Pétjjuma aktualitate ........ ... ... ... . i 6
1.2. Pétfjumanovitate .............. ... .. i 6
1.3. Darba mérkis un uzdevumi ...................... ... 6
14, Aizstavamas t€zes ... 7
L.5. Rezultatu aprobacija ............. ... il 7

Daliba vietéjas konferencés ........... ..., 7

Daliba starptautiskas konferencés ......................... 7

Publikaciju saraksts .......... ... i 9
1.6. Darba struktiira ...t 9
TEORETISKAIS PAMATOJUMS ...ttt 11
2.1. Kalkainie zalu purvi ....... ..o 11
2.2. Zirneklu ekologija ........ ... i 12
2.3. Zirneklu izplatiba un talizpéte ........... ... ... ... 13
MATERIALI UN METODES . ...t 15
3.1. Pétjjuma vietas (Raksti L, IL IIL IV, V) ..................... 15
3.2. Vegetacijas aprakstiSana (Raksti I, IL, IIL IV, V) ............. 15
3.3. Zirneklu ievak$ana (Raksti I, IL IIL IV, V) .................. 16
3.4. Zirneklu noteik$ana (Raksti I, I, IIL IV, V) ................. 16
3.5. Lauka datu analize (Raksti , IL III) ........................ 17
3.6. Literataras analize (RakstsIV) ............................ 18
3.7. Talizpétes datu analize (Raksts V) ........... ... .. ... ... 18
REZULTATI .ot e e e 22
4.1. Virsaugsnes stava zirneklu daudzveidiba kalkainajos

zalu purvos (Raksts I) ... 22
4.2. Zalaugu stava zirneklu daudzveidiba kalkainajos

zalu purvos (Raksts IT) ... 22
4.3. Zirneklu daudzveidiba un vertikala stratifikacija

Apsuciema zalu purva (Raksts III) ......................... 23
4.4. Ekologiskas attiecibas starp zirnekliem

un vegetaciju (Raksti L IL IIT) ...t 26



4.5. Parskats par kalkaino zalu purvu arahnofaunu
(RaKksts TV) oot e 28
4.6. Zirneklu telpiska izplatiba Apsuciema zalu purva
(RaKStS V) oo e 30
5. DISKUSITA ..ot 35
5.1. Virsaugsnes un zalaugu stavs zirneklu daudzveidiba
zalu purvos (Raksti L IL III) ..., 35
5.2. Zirneklu vertikala stratifikacija ApSuciema zalu purva
(Raksts TII) ..ottt it 36
5.3. Biotopu komplicétibas ietekme uz zirnekliem
(Raksti LILIII) oo 38
5.4. Vegetacijas augstuma ietekme uz zirnekliem
(Raksti TL TID) .« oo v 38
5.5. Purva arahnofaunas raksturigas iezimes (Raksts IV) ......... 39
5.6. Zirneklu telpiskas izplatibas struktiira
Apsuciema zalu purva (Paper V) ....... ... ... ... oLl 40
6. SECINAJUMI ...ttt e 42
PATEICIBAS . .ottt e e et 44

LITERATURA .ottt 90



1. IEVADS

1.1. Péetijuma aktualitate

Lidz $im zirneklu fauna un ekologija ir bijusi loti vaji pétita zalu purvu
ekosistémas, Ipasi kalkainajos zalu purvos. Turklat $adu pétijumu trikst ne ti-
kai Latvija, bet ari daudzas citas Ziemelu puslodes mérenas joslas valstis. Ta ka
kalkainie zalu purvi klast arvien retak sastopami Eiropa, ir svarigi iegat péc
iespéjas vairak datu par $ajos purvos mito$ajam sugam.

Zirnekli ir izcili indikatororganismi, un tapéc tie tiek uzskatiti par loti la-
biem instrumentiem, lai novértétu konkréta biotopa kvalitati un aizsardzibas
vértibu. Ipasi svarigi tas ir retu un apdraudétu biotopu gadijuma, un kalkainie
zalu purvi ir vieni no $adiem biotopiem - tie ir Joti unikali, loti jutigi un ]oti reti
sastopami biotopi lielakaja dala Eiropas Savienibas valstu.

1.2. Pétijjuma novitate

Saja pétijuma autore piedava jaunu pieeju zirneklu izplatibas kartésanai
viena konkréta kalkaina zalu purva robeZzas. Saja pieeja tika izmantotas dau-
dzfaktoru statistikas metodes, ko ekologi plasi izmanto, lai pétitu ekologisko
sabiedribu struktaru (t.i., in-situ paraugu nemsanu, klasteranalizi utt.), un $is
metodes tika apvienotas ar geotelpiskajam tehnologijam (t.i., talizpéti un geo-
grafiskas informacijas sistémam (GIS)) un maksliga intelekta tehnologijam (t.i.,
masinmacisanos), ko ekologi izmanto salidzinosi reti. Izstradatajai pieejai ir
nepiecieSama divu veidu datu kombinacija - in-situ dati un talizpétes dati, kas,
apvienoti kopa, palidz precizak kartét sugu izplatibu. Ciktal autorei zinams, ne-
viena cita pétijuma vél nav izmantota $dda metode, lai kartétu zirneklu (vai citu
posmkaju) sugu izplatibu kada sauszemes biotopa.

1.3. Darba meérkis un uzdevumi

Pétijuma galvenais mérkis bija dokumentét epigeisko un zalaugu stava zir-
neklu sugu sastavu un daudzveidibu Latvijas kalkainajos zalu purvos un novér-
tét vegetacijas struktiiras potencialo ietekmi uz zirneklu daudzveidibu un sugu
sabiedribas organizaciju pétitajos purvos. Pétijuma galvenie uzdevumi bija:

1. dokumentét Latvijas kalkainajos zalu purvos virsaugsnes stava un zalaugu
stava mito$o zirneklu faunu un daudzveidibu;

2. analizét zirneklu dominances struktdru dzimtu un sugu limeni, ka ari funk-
cionalo grupu limeni pétitajos zalu purvos;



novertét vegetacijas struktiras ietekmi uz zirneklu daudzveidibu un sabied-
ribas strukttiru pétitajos purvos;
kartét zirneklu sugu telpisko izplatibu Ap$uciema zalu purva.

1.4. Aizstavamas tézes

Zirneklu sugu sastavs un dominances struktara atskiras starp dazadiem
zalu purviem, ka ari viena un ta pasa purva robezas.

Zirneklu sugu sastavs zalu purvu biotopos atskiras piezemes stava un
zalaugu stava.

Zirneklu skaitu un daudzveidibu pozitivi ietekmé augu sugu bagatiba un
daudzveidiba kalkainajos zalu purvos.

1.5. Rezultatu aprobacija

Promocijas darba rezultati ir prezentéti Cetras vietéjas un 13 starptautiska-

jas konferencés. Darba rezultati ir publicéti piecas zinatniskajas publikacijas, no
kuram cCetras ir recenzétas un publicétas zurnalos, kas ir indekséti Scopus un
Web of Science datubazés.

Daliba vietéjas konferencés

Stokmane M., Spungis V., Cera I. (2013) Zalaugu stava zirneklu (Araneae)
ekologija Piejuras zemienes kalkainajos zalu purvos Latvija. — Latvijas
Universitates 71. zinatniska konference, 2013. gada 1. februaris, Kronvalda
bulvaris 4, Riga, Latvija.

Stokmane M., Spungis V. (2014) Epigeisko un zalaugu stava zirneklu
(Arachnida: Araneae) ekologisko prasibu salidzinajums Ap$uciema zalu
purva. — Latvijas Universitates 72. zinatniska konference, 2014. gada
31. janvaris, Kronvalda bulvaris 4, Riga, Latvija.

Stokmane M., Spungis V., Cera I. (2016) Zalu purvu arahnofaunas apskats:
sugu sastavs, dominances struktara un zirneklu vertikalais sadalijums starp
virsaugsnes stavu un zalaugu stavu. — Latvijas Universitates 74. zinatniska
konference, 2016. gada 4. februaris, Jelgavas iela 1, Riga, Latvija.
Stokmane M., Spungis V., Ziemelis A. (2024) Zirneklu telpiskas izplatibas
modelésana zalu purvu biotopos Latvija, izmantojot talizpétes un masin-
maciSanas metodes: pilnigi jauna pieeja. — Latvijas Universitates 82. starp-
tautiska zinatniska konference, 2024. gada 31. janvaris, Jelgavas iela 1, Riga,
Latvija.

Daliba starptautiskas konferences

Stokmane M. (2012) Spider (Arachnida: Araneae) species richness, com-
munity structure and ecological factors influencing spider diversity in



10.

11.

the calcareous fens of Latvia. — Daugavpils Universitates 54. starptautiska
zinatniska konference, 18-20. aprilis, 2012., Vienibas iela 13, Daugavpils,
Latvija.

Stokmane M., Spungis V., Cera 1. (2013) The effect of different biotic
factors on ground-dwelling spiders (Araneae) in the calcareous fen
Apsuciems. — Daugavpils Universitates 55. starptautiska zinatniska konfe-
rence, 10-12. aprilis, 2013., Vienibas iela 13, Daugavpils, Latvija.
Stokmane M., Spungis V. (2014) The epigeic spider fauna of the Apsuciems
calcareous fen. — Daugavpils Universitates 56. starptautiska zinatniska kon-
ference, 9-11. aprilis, 2014., Parades iela 1, Daugavpils, Latvija.

Stokmane M. (2014) Species richness and community structure of spiders
(Araneae) in the calcareous fens of the Coastal Lowland of Latvia. —
Arahno-seminars par apdraudéto zirneklu sugu novértésanu Ziemeleiropa,
14. novembris, 2014., Henrikinkatu iela 2, Turku, Somija.

Stokmane M., Spungis V. (2015) Faunistic and ecological features of
the spider communities (Arachnida: Araneae) of the calcareous fens
of Latvia. - Daugavpils Universitates 57. starptautiska zinatniska konfe-
rence, 16-17. aprilis, 2015., Parades iela 1, Daugavpils, Latvija.

Cera 1., Stokmane M. (2015) Check list of mire spiders of Latvia. —
29. Eiropas Arahnologijas kongress, 24-28. augusts, 2015., Brno, Cehija.
Stokmane M. (2016) Spatial distribution patterns of spiders within
the ApSuciems calcareous fen - the role of vegetation. — Daugavpils
Universitates 58. starptautiska zinatniska konference, 14-15. aprilis, 2016.,
Parades iela 1A, Daugavpils, Latvija.

Stokmane M. (2017) Diversity of spider ecological groups within the cal-
careous fens of Latvia. - 9. starptautiska biologiskas daudzveidibas konfe-
rence, 26-28. aprilis, 2017., Parades iela 1A, Daugavpils, Latvija.

Stokmane M. (2018) The spatial distribution of epigeic spiders and
other ground-dwelling arthropods within the Ap$uciems calcareous fen:
aresponse to vegetation heterogeneity. — 31. Eiropas Arahnologijas kongress,
8-13. jalijs, 2018., Konstantina laukums 1-5, Vac, Ungarija.

Stokmane M., Ziemelis A. (2020) Predictive spider species distribu-
tion modelling within the Ap$uciems mire habitat, Latvia. - Daugavpils
Universitates 62. starptautiska zinatniska konference, 28-29. aprilis, 2020.,
Parades iela 1A, Daugavpils, Latvija.

Stokmane M., Ziemelis A. (2021) The spatial modelling of distribution
patterns and ecological relationships of the ground-dwelling and grass-dwel-
ling spiders and other invertebrates within the Ap$uciems mire of Latvia. —
13. starptautiska zinatniski praktiskd konference “Vide. Tehnologijas.
Resursi’, 17-18. junijs, 2021., Rézeknes Tehnologiju akadémija, Rézekne,
Latvija.



12. Stokmane M. (2023) Spatial distribution modelling of insects and spiders
within mire habitats in Latvia by using the remote sensing and machine
learning techniques: a brand new approach. — 4. starptautiska konference
par sugu sabiedribu ekologiju, 20-22. septembris, 2013., Via Beirut 2,
Trieste, Italija.

13. Stokmane M., Spungis V., (2024) Insect and spider distribution model-
ling by using remote sensing and machine learning methods: A case study
in ApSuciems mire, Latvia. - Pirma ikgadéja FORTHEM konference:
FORTHEM - For the Future, 6-8. marts, 2024., tie$saisté.

Publikaciju saraksts

Stokmane M., Spungis V., Cera 1. (2013) Spider (Arachnida: Araneae)

species richness, community structure and ecological factors influenc-

ing spider diversity in the calcareous fens of Latvia. — Proceedings of

the 54" International Scientific Conference of Daugavpils University: 45-55.

II Stokmane M., Spungis V. (2014) Diversity of grass-dwelling spiders

(Arachnida: Araneae) in calcareous fens of the Coastal Lowland, Latvia. —
Journal of Insect Conservation, 18: 757-769. [Scopus un Web of Science]

IIT Stokmane M., Spungis V. (2016) The influence of vegetation struc-
ture on spider species richness, diversity and community organiza-
tion in the ApSuciems calcareous fen, Latvia. — Animal Biodiversity and
Conservation, 39: 221-236. [Scopus un Web of Science]

IV Stokmane M., Cera I. (2018) Revision of the calcareous fen arachnofauna:
habitat affinities of the fen-inhabiting spiders. - ZooKeys, 802: 67-108.
[Scopus un Web of Science]

V Stokmane M., Spungis V., Ziemelis A. (2024) Remote sensing supports spa-
tially explicit mapping of arthropod distributions in a heterogeneous mire
habitat: A case study of the Ap$uciems mire, Latvia. - Community Ecology,
25: 417-440. [Scopus un Web of Science]

L]

1.6. Darba struktira

Promocijas darbs sastav no tematiski vienotas publikaciju kopas. Galvenie
darba rezultati ir izklastiti piecas zinatniskajas publikacijas (turpmak teksta
Raksti I-V). Loti iss visu publicéto rakstu satura parskats ir sniegts 1. tabula.
Darba ir 5 galvenas sadalas: Literataras apskats (t.i., darba teorétiskais pamato-
jums), Metodes, Rezultati, Diskusija un Secinajumi. Darbs sastav no 39 lapam
un ir papildinats ar 5 tabulam un 8 attéliem.



1. tabula. Iss parskats par katra publicéta raksta saturu.

Petito Petitas
Raksta . Pétijuma galvenais Pétijuma izmantotas
purvu zirneklu o
Nr. ) merkis metodes
skaits grupas ’
Izpeétit virsaugsnes stava s
. - « Daudzveidibas indeksu
. zirneklu daudzveidibu .y
Virsaugsnes VR aprékinasana;
- kalkainajos zalu purvos - .
stava L . - | » Korelacijas analize;
1 5 L. Latvija un noteikt, ka _ _
(epigeiskie) - o Klasteranalize;
. . augu sugu daudzveidiba o
zirnekli . _ |« DCA ordinacijas
un augsnes pH ietekmé -
o o analize.
$o zirneklu grupu
Izpétit zalaugu stava .
2P gu S7aY o Daudzveidibas indeksu
zirneklu daudzveidibu e
_ _ . _ aprékinasana;
Zalaugu stava | kalkainajos zalu purvos - .
1I 8 . . L . | » Korelacijas analize;
zirnekli Latvija un noteikt, ka .
’ o g o DCA ordinacijas
vegetacija ietekmeé o -
. analize.
zirneklu grupu
Izpétit zirneklu
daudzveidibu « Daudzveidibas indeksu
Epigeiskie un | Apsuciema kalkainaja aprékinasana;
II1 1 zalaugu stava | zalu purva un salidzinat | « Regresijas analize;
zirnekli zirneklu sabiedribu |« RDA ordinacijas
strukttiru virsaugsnes analize.
stava un zalaugu stava
Apkopot informaciju | e Detalizéta zinatniskas
par Latvijas kalkaino literataras analize;
Lo zalu purvu zirneklu |« Kalkaino zalu purvu
Epigeiskie un - 2 .
2 _ faunu un izanalizeét, zirneklu sugu saraksta
v 8 zalaugu stava . 1o
. . kuras zirneklu sugas sastadiSana;
zirnekli PO . .
’ un ekologiskas grupas |« Zirneklu iedalisana
ir raksturigakas Sim ekologiskajas grupas un
biotopa tipam to aprakstisana.
o Klasteranalize;
Kartét zirneklu telpisko |« Indikatorsugu analize
Epigeiskie un | izplatibu ApSuciema (IndVal);
v 1 zalaugu stava | zalu purva un sagatavot | « Parraudzita desifrésana;

zirnekli

zirneklu izplatibas
kartes

Interpolacijas metode;
Zirneklu izplatibas
karsu sagatavo$ana.
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2. TEORETISKAIS PAMATOJUMS

2.1. Kalkainie zalu purvi

Péc udensguves veida tiek izdaliti tris purvu tipi — augstie jeb sanu purvi,
parejas purvi un zemie jeb zalu purvi (Malawska et al. 2006; Bambe et al.
2008). Zalu purvi ir minerotrofi mitraji, kas adeni un baribas vielas sanem no
gruntsideniem un/vai virszemes noteces (Pakalne, Kalnina 2005). Visus zalu
purvus var iedalit tris galvenajas grupas: (1) nabadzigie purvi (pH = 4-5,5; kal-
cija koncentracija < 10 mg L); (2) bagatie purvi (pH = 5,5-7; kalcija koncen-
tracija 10-20 mg L); un (3) ipasi bagatie purvi (pH = 7-8,5; kalcija koncentra-
cija > 20 mg L) (Martini et al. 2006; Rydin, Jeglum 2006). Kalkainie zalu purvi
ir arkartigi bagati biotopi, kuros sastopamas vairakas augu un dzivnieku sugas,
kas ir ipasi pielagotas apstakliem ar augstu pH limeni un augstu kalcija koncen-
traciju - ta saucamas kalcifilas jeb kalciju milosas sugas (Rydin, Jeglum 2006).
Kalkainie zalu purvi tiek uzskatiti par vienu no visjutigakajiem no gruntsade-
niem atkarigajiem meérenas joslas biotopiem (Johansen et al. 2011).

Kalkainie zalu purvi ir biotopi ar lielu aizsardzibas vértibu, jo tajos sasto-
pams neticami bagats un daudzveidigs augu un dzivnieku sugu kopums, tostarp
daudzas apdraudétas sugas (Schmidt et al. 2008; McBride et al. 2011). Turklat
kalkainajos zalu purvos sastopamas sugas, kas atrodamas praktiski tikai $aja
biotopu tipa un nevar dzivot citur, pieméram, no augiem tadas ir rasgana meln-
cere Schoenus ferrugineus, Devela grislis Carex davalliana, musu ofrida Ophrys
insectifera, strupais donis Juncus subnodulosus un citas (Bambe et al. 2008;
Aunins et al. 2013).

Agrak zalu purvu ekosistémas bija sameéra izplatitas Eiropas mérenaja josla
(Van Diggelen et al. 2006). Ta¢u musdienas tas ir loti reti sastopamas, jo pédéjos
gadsimtos antropogéna spiediena dé| tas ir piedzivojusas krasu skaita un lieluma
samazinasanos - daudzi purvi ir tiku$i selektivi nosusinati un parveidoti par
mazproduktiviem zalajiem (Sefferova et al. 2008). Turklat ari liela méroga ietek-
meéjosi faktori, pieméram, eitrofikacija, paskabinasanas, biotopu sadrumstalotiba
un klimata parmainas, ir izraisijusi daudzu purvu degradaciju (Saunders et al.
1991; Chapman et al. 2003). Ta rezultata lielakaja dala Eiropas Savienibas valstu
kalkainie zalu purvi ir kluvusi loti reti sastopami (Racinska 2002; Aunins et al.
2013), un daudzi $ajos biotopos dzivojosie organismi masdienas tiek uzskatiti
par apdraudétiem (Koponen 2003).

Sava retuma dé] kalkainajiem zalu purviem Eiropas Savieniba ir augsta aiz-
sardzibas prioritate - tie pieder pie ES Biotopu direktivas (EC 1992) I pielikuma
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uzskaititajiem kopienas nozimes dabisko biotopu veidiem. Kalkainie zalu purvi
ir viens no retakajiem biotopiem ari Latvija — lai gan nav pieejami precizi dati
par §1 biotopa faktisko platibu valsti, aptuvenas apléses liecina, ka kalkainie zau
purvi aiznem tikai aptuveni 0,01% no visas Latvijas teritorijas (Aunin$ et al.
2013). Lielakie kalkainie zalu purvi atrodami Latvijas rietumu dala, ipasi pie-
jaras zemiené (Bambe et al. 2008; Aunins et al. 2013).

2.2. Zirneklu ekologija

Zirneklu fauna un ekologija kalkainajos zalu purvos ir loti maz zinama, jo
gandriz pilniba trukst pétjjumu par $ajos biotopos mitosajiem zirnekliem. Ir ti-
kai nedaudzi pétijumi par zalu purvu zirnekliem Latvija (Cera et al. 2010) un tas
tuvakajas kaiminvalstis - Igaunija (Vilbaste 1980) un Polija (Kajak et al. 2000).
Daudz vairak pétijumu ir veikts par sanu purvu zirnekliem - ir vairaki péti-
jumi no Latvijas (Sternbergs 1991; Spungis 2008), ka ari no Igaunijas (Vilbaste
1980), Lietuvas (Relys, Dapkus 2002; Biteniekyté, Relys 2006, 2008), Polijas
(Kupryjanowicz et al. 1998), Somijas (Koponen 2002a,b) un citam valstim.
Nemot veéra, ka starp sinu purviem un zalu purviem pastav liela ekologiska
atskiriba, kas atspogulojas gan sugu sastava, gan vegetacijas struktara, ir skaidrs,
ka ir nepieciesams vairak pétijjumu tiesi par zalu purvu biotopiem.

Zirnekli ir sastopami gandriz visas sauszemes ekosistémas, iznemot polaros
(Arktikas un Antarktikas) regionus (Coleman et al. 2004), un tie ir vieni no
visvairak dominéjosajiem kukainédajiem sauszemes ekosistémas (Nyffeler, Benz
1987; Wise 1995), kas apdzivo daudz dazadas telpiskas un temporalas (laika)
niSas (Kremen et al. 1993; Wise 1995). Turklat zirnekli ir viena no visdaudzvei-
digakajam posmkaju kartam - taja ir vairak neka 52 000 sugu (Platnick 2024).

Zirnekli ir augsta ranga baribas kédes konsumenti, un kopa ar citiem
plésigajiem posmkajiem (pieméram, simtkajiem un plésigajam skrejvabolém)
sastada lielako dalu no plésigajiem bezmugurkaulniekiem vairuma sauszemes
ekosistému (Wise 1995). Zirnekliem ir svariga loma lidzsvara nodrosinasana
daba, jo tie ienem stratégiski funkcionalu vietu sauszemes baribas tiklos - tie
darbojas ka reguléjosi agenti sauszemes posmkaju sabiedribas un ir nozimigs
baribas avots augstakiem organismiem (Whitcomb 1974; Young, Edwards 1990;
Nyfteler et al., 1994.; Oxbrough et al. 2005).

Zirnekli tiek uzskatiti pat labiem bioindikatoriem (Pearce, Venier 2006), kas
nozimeé, ka, tos pétot, ir iespéjams novértét konkréta biotopa aizsardzibas vér-
tibu (Churchill 1997; Mas et al. 2009). Kopuma ir vairaki iemesli, kapéc zirnekli
tiek rekomendeti ka labi indikatororganismi: (1) tie ir plasi izplatiti liela skaita
un tapéc nodrosina statistiskai analizei vajadzigos datus (Foelix 2011); (2) tos
var viegli ievakt, izmantojot standartizétas paraugu nemsanas metodes (Wise
1995); (3) tie ir taksonomiski labi pazistami salidzinajuma ar citam bezmu-
gurkaulnieku grupam, un tos var identificét bez darga aprikojuma vai tehnikas
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(Oxbrough et al. 2005); un (4) tie labi prognozé visparéjo bezmugurkaulnieku
biologisko daudzveidibu, jo tie ir saistiti ar fitofagu un detritofagu baribas tik-
liem (Wise 1995; Willett 2001). Kopuma zirneklus var izmantot ka indikatorus
biotopa kvalitatei, antropogénajam stresam, biotisko sabiedribu ekologiskajam
stavoklim, smago metalu koncentracijai vidé un citos gadijumos (Maelfait,
Hendrickx 1998; Buchholz 2010; Cera et al. 2010).

2.3. Zirneklu izplatiba un talizpéte

Viens no galvenajiem ekologijas meérkiem ir izprast sugu izplatibu
(Andrewartha, Birch 1954). Zinasanas par telpisko struktaru ir svarigas, lai iz-
stradatu efektivas biologiskas daudzveidibas saglabasanas stratégijas (Lamoreux
et al. 2005; Ziesche, Roth 2008). Zirneklu un citu posmkaju skaits pédéjas
desmitgadés strauji samazinas, tapéc ir svarigi pétit to izplatibu un censties tos
saglabat (Gullan, Cranston 2014). Tomer, lai izstradatu jégpilnas saglabasanas
stratégijas, ir nepiecieS$ama konsekventa un uzticama informacija par sugu iz-
platibu (Lamoreux et al. 2005). Tomeér $adus datus ir grati iegat, izmantojot
tradicionalas lauka metodes, jo tas ir darbietilpigi, laikietilpigi, dargi un grati
istenojami nepieejamas vietas (Rhodes et al. 2015).

Musdienas loti populara ekologisko datu ievaksanas metode ir talizpéte,
kas var dalgji aizstat un/vai papildinat lauka pétijumus (pieméram, LaRue et al.
2017; Cavender-Bares et al. 2020). Sobrid liela prieksérociba ir ta, ka nesenais
talizpétes tehnologiju progress ir radijis lielas, augstas izkirtspéjas datu kopas,
kas aptver tadus telpiskos un temporalos apmerus, kadi ieprieks nebija pieejami
(Olden et al. 2008). Tomer taja pasa laika talizpétes metozu spéja kartét zirneklu
(un posmkaju ka tadu) izplatibu ir diezgan vaji izpétita. Pasreizéjas tendences
liecina, ka posmkaju izpété uzsvars tiek likts uz kukainiem, kas tiek uzskatiti
par kaitékliem, savukart talizpétes izmanto$ana plasakos posmkaju, tostarp
zirneklu, ekologijas pétijumu aspektos joprojam ir loti reti sastopama (Rhodes
et al. 2022).

Kopuma biologiskas daudzveidibas talizpétei ir divas galvenas pieejas -
tieSa un netie$a pieeja. Tie$a ekologiska talizpéte ietver atsevisku organismu
vai dzivnieku populaciju tieSu novéro$anu no gaisa vai satelita attéliem (Turner
et al. 2003). Tiesa pieeja ir tikusi sekmigi izmantota, lai uzskaititu dazadus lie-
lus dzivniekus, ipasi dazadus ziditajus (pieméram, zilonus, zebras, lacus utt.)
un putnus (pieméram, pingvinus, albatrosus, flamingus utt.). (Lillesand et al.
2015; Fretwell et al. 2017; Xue et al. 2017; LaRue, Stapleton 2018; Duporge
et al. 2020). Tomer tie$a pieeja nedarbojas uz zirnekliem, jo zirnekli parasti ir
loti siki dzivnieki, un tapéc to atpazi$ana satelita attélos vai aerofotografijas
ir praktiski neiespéjama. Tapéc $aja gadijuma ir jaizmanto netiesa ekologiska
talizpéte, kas ietver vides parametru atvasinasanu no talizpété iegutajiem atte-
liem ka ekologisko paradibu aizstajéjus (Turner et al. 2003). Pétijumi rada, ka
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zirnekli ir ciesi saistiti ar vegetaciju un tadéjadi ir ierobezoti atsevisku biotopu
robezas (Hore, Uniyal 2010). Lidz ar to vegetaciju ir iespéjams izmantot ka su-
rogatu zirneklu sugu izplatibai. Prieksrociba $aja gadjjuma ir tada, ka vegetaciju
var salidzino$i viegli identificét attalinati — ta ka dazadas augu sugas atskirigi
reagé uz gaismu elektromagnétiskaja spektra, tad ir iespéjams attalinati atskirt
dazadu sugu augus (Cavender-Bares 2017). Lai efektivak izskirtu dazadas augu
sugas, jaizvélas atbilstosas spektralas joslas (jeb kanalus). Tuva infrasarkana josla
ir ipadi ieteicama augu sugu identificé$ana (Feilhauer et al. 2013). Un tiklidz ve-
getacija ir identificéta attalinatajos datos, So informaciju var apvienot ar datiem
par zirnekliem, kas ievakti lauka apstaklos (Leyequien et al. 2007).

Tomeér ne vienmér ir viegli apvienot ekologiskos datus un talizpété iegt-
tos datus, jo ekologiskie dati parasti ir Joti kompleksi. Pieméram, ekologiskajos
datos var but neparasts sadalijums (pieméram, multimodals), nelinearitate, vai-
rakas trukstosas vertibas (t.i., daudzas nulles), multikolinearitate, daudzdimen-
sionalitate, atkariba no novérojumiem utt. (Fielding 1999; Crisci et al. 2012).
So iemeslu dé] tradicionalas statistikas metodes var biit izaicino$i lietot, lai no-
drosinatu jégpilnu $adu datu analizi (Cutler et al. 2007). Viens no veidiem, ka
atrisinat $o problému, ir izmantot ma$inmacisanas panémienus, kas ir bijusi loti
daudzsolosi ekologisko datu analizé (Olden et al. 2008; Duro et al. 2012; Duporge
et al. 2020). MasinmaciSanas ir maksliga intelekta apaks$nozare, kas izstrada di-
namiskus algoritmus, kas spéj pienemt uz datiem balstitus léemumus, at$kiriba
no modeliem, kas seko statiskam programmeésanas instrukcijam (Thessen 2016).
Ir pieradits, ka masinmaciSanas parasti nodrosina labaku rezultatu talizpétes
klasifikacijas salidzindgjuma ar parametriskam metodém (Maxwell et al. 2018).
MasginmaciSanas metozu prieksrociba salidzinajuma ar tradicionalajam statisti-
kas metodém ir tada, ka tas spé&j loti labi darboties sarezgitos, nekartigos, realas
pasaules apstaklos, kas parasti ir Joti raksturigi realam ekologiskajam sistémam
(Olden et al. 2008; Thessen 2016; Humphries et al. 2018).
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3. MATERIALI UN METODES

3.1. Péetijuma vietas (Raksti I, 11, 11, 1V, V)

Pétijums tika veikts astonos dazados Rietumlatvijas piejaras zemienes
kalkainajos zalu purvos (1. attéls): (1) ApSuciema purva; (2) Engures ezera
purva; (3) Platenes purva; (4) Kaniera ezera purva; (5) Sliteres purvainaja
ieplaka (saukta par vigu); (6) purva Vitinu plavu kompleksa; (7) Kirbas purva;
un (8) Jecu purva. Visi $ie purvi atrodas aizsargajamas teritorijas, kas ieklautas
ari Eiropas Ipasi aizsargajamo dabas teritoriju Natura 2000 tikla. Turklat divi no
mitrajiem — Engures ezers un Kaniera ezers — ir Ramsares vietas, kas nozimé, ka
tie ir starptautiskas nozimes mitraji, kas noteikti saskana ar Ramsares konven-
ciju (Ramsar Convention 1971).
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1. attéls. Pétito kalkaino zalu purvu atradanas vietas. Visi pétitie purvi atrodas piejuras
zemiené Latvijas rietumu dala.

3.2. Vegetacijas aprakstiSana (Raksti I, II, II1, 1V, V)

Lai raksturotu vegetacijas strukttiru pétitajos purvos, katra purva tika izvei-
doti vairaki parauglaukumi. Parauglaukumi purvos izvietoti ta, lai proporcionali
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atspogulotu konkréta purva mikrobiotopu daudzveidibu. Vegetacija katra pa-
rauglaukuma tika aprakstita, izmantojot kvadratus ar platibu 1 m? (Raksti I, II)
vai ar platibu ~80 m? (Raksti ITI, V). Sajos kvadratos tika registréts kopéjais
vaskularo augu sugu skaits un ar 5% precizitati vizuali noveértéts katras augu
sugas, siinu un kailas zemes projektivais segums.

Pirms datu analizes visas vegetacijas seguma veértibas tika parveidotas péc
Brauna-Blankeé skalas, kas dod skaitliskus procentu rangus: (+) <1% projek-
tivais segums; (1) 1-5%; (2) 6-25%; (3) 26-50%; (4) 51-75%; (5) 76-100%
(Braun-Blanquet 1964). Vaskularie augi, ja iespéjams, tika identificéti lidz sugas
limenim, pretéja gadjjuma lidz gints limenim. Stnaugi tika uzskatiti par atse-
visku grupu un netika identificéti ne lidz vienam taksonomiskajam limenim.
Vaskularo augu noteik$ana tika izmantoti Pétersone un Brikmane (1980) un
Mossberg un Stenberga (2003) noteicéji. Katra purva tika fikséts arl vegetacijas
augstums (Raksti II, ITI) - tas tika mérits ka garaka auga augstums (cm).

3.3. Zirneklu ievaksana (Raksti I, II, 111, IV, V)

Tika izmantotas divas dazadas zirneklu ievaksanas metodes, lai ievaktu
paraugus no biotopa virsaugsnes stava un no zalaugu stava. Virsaugsnes stava
zirnekli tika ievakti, izmantojot augsnes lamatas, kas bija plastmasas krazites ar
diametru 7,5 cm un tilpumu 250 mL. Katra krazite tika piepildita ar 100 mL $ki-
duma, kas saturéja 90 mL 10% formalina, 10 mL etilénglikola un dazus pilienus
mazgasanas lidzekla, lai samazinatu $kiduma virsmas spraigumu. Lamatas tika
ieraktas zemé ta, lai krazites augséja mala batu viena limeni ar augsnes limeni.
Lamatas tika turétas augsné no 2010. gada 5. junija lidz 3. jalijam (Raksts I) un
no 2012. gada 27. jalija lidz 22. augustam (Raksts IIT).

Zalaugu stava mitosie zirnekli tika ievakti, izmantojot entomologisko tik-
linu ar diametru 30 cm. Viens paraugs sastavéja no 50 tiklina vézieniem. Tiklina
paraugi tika ievakti 2011. gada 16. un 17. jalija (Raksts II) un 2012. gada 26. un
27. jalija (Raksts IIT).

3.4. Zirneklu noteik$ana (Raksti I, Il, 1lI, 1V, V)

Péc ievaksanas zirnekli tika nekavéjoties ievietoti 70% etilspirta $kiduma
vélakai noteik$anai. Laboratorija visi zirnekli tika saskiroti, saskaititi un no-
teikti, izmantojot atbilstosu literattru. Lai identificétu zirneklus, tika izmantots
binokularais mikroskops ar 45x palielindgjumu. Cik vien iespé&jams, zirnekli tika
identificéti lidz sugas limenim; neidentificétie ipatni tika uzskaititi ka morfo-
sugas. Ta ka zirneklu sugu identifikacijas pamata galvenokart ir genitalijas, tad
lidz sugu limenim tika identificéti tikai pieaugusi ipatni, savukart lielaka dala
nepieauguso zirneklu tika noteikti tikai lidz dzimtas limenim.
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Sugu noteik§ana tika izmantoti sekojosi noteicéji: Locket un Millidge
(1953), Roberts (1996) un Nentwig et al. (2012), un zirneklu nomenklatira un
taksonomija atbilst Pasaules zirnek]u kataloga versijai 25.0 (Platnick 2024). Visi
ievaktie zirneklu paraugi tiek glabati 70% etilspirta $kiduma, ir markeéti un tiek
glabati Latvijas Universitates Biologijas fakultates Zoologijas un dzivnieku eko-
logijas katedra, Riga.

3.5. Lauka datu analize (Raksti I, 11, 1II)

Zirneklu dominances struktara tika analizéta, izmantojot Engelmana domi-
nances skalu, saskana ar kuru eudominantas sugas veido >32% no kopéja sugu
skaita, savukart dominantas, subdominantas, recedentas, subrecedentas un spo-
radiskas sugas veido attiecigi 10-32%, 3,2-10%, 1-3,2%, 0,32-1%, un <0,32%
(Engelmann 1978).

Augu un zirneklu sugu daudzveidibas kvantitativai noteik$anai tika apreki-
nati dazadi daudzveidibas indeksi: sugu bagatiba (S), Senona-Vinera daudzvei-
dibas indekss (H), Simpsona daudzveidibas indekss (D) un sugu izlidzinatiba
(E). Matematiskas formulas minéto daudzveidibas indeksu aprékinasanai ir
atrodamas Magurran (2004). Visi daudzveidibas indeksi tika aprékinati, izman-
tojot programmu PC-ORD 5.0 (McCune, Mefford 2006).

Lai noteiktu, cik augu sabiedribas var izdalit Apsuciema purva, tika veikta
hierarhiska klasteranalize, izmantojot vegetacijas datus, kas iegtti no 57 paraug-
laukumiem. Klasteranalize tika veikta statistikas vidé R (R Core Team 2020).
Analizé tika izmantots Eiklida distance (Euclidean distance) un Varda saiknes
metode (Ward’s linkage method). Hierarhiskas klasteranalizes rezultats tika at-
spogulots grafiski, izmantojot dendrogrammu. Balstoties uz zinasanam no lauka
darbiem, ka ari vizuali parbaudot dendrogrammu, tika secinats, ka purva vege-
taciju var optimali iedalit etras grupas (jeb etras dazadas augu sabiedribas). Sis
etru grupu sadalijums tika talak izmantots telpiskajai analizei.

Lai parbauditu sakaribas starp dazadiem zirneklu daudzveidibas paramet-
riem un dazadam vegetacijas ipasibam, tika izmantota Spirmena rangu kore-
lacijas analize (Raksts I, II) un linearas regresijas analize (Raksts III). Pirms
testésanas tika parbaudits, vai dati atbilst normalajam sadaljjumam (izmantojot
Kolmogorova-Smirnova testu) un, ja nepiecieSams, pirms analizém tika veikta
logaritmiska transformacija. Minétas analizes tika veiktas ar programmu R (R
Core Team 2020).

Dati tika analizéti arl izmantojot ekologiskas ordinacijas tehnikas — detren-
déto korespondances analizi (DCA) (Raksti I, IT) un redundances analizi (RDA)
(Raksts III). Sis analizes tika izmantotas, lai noteiktu zirneklu sabiedribas struk-
tiras saistibu ar vegetacijas struktiru. DCA tika veikta, izmantojot PC-ORD
programmu (McCune, Mefford 2006), bet RDA tika veikta izmantojot program-
mas R (R Core Team 2020) VEGAN pakotni (Oksanen et al. 2009).
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3.6. Literatiiras analize (Raksts V)

Lai noskaidrotu, kida veida zirneklu sugas apdzivo kalkainos zalu purvus,
tika veikta detalizéta literatras analize un sagatavots iss apraksts par biotopa
prasibam katrai no ievaktajam zirneklu sugam. Zirneklu sugu biotopa prasi-
bas tika iegitas no daudziem dazadiem literatiiras avotiem, bet galvenokart
no Locket un Millidge (1951, 1953), Roberts (1996), Harvey et al. (2002a,b),
Almquist (2005, 2006), Matveinen-Huju et al. (2006), Oxbrough et al. (2006),
Nentwig et al. (2012) un Arachnologische Gesellschaft (2018). Balstoties uz
literatiiras analizi, visas ievaktas zirneklu sugas tika iedalitas vairakas ekologis-
kajas grupas. Sis grupas tika izdalitas nemot véra galvenokart zirneklu prasibas
péc mitruma un gaismas, jo $ie divi abiotiskie faktori ir vieni no svarigakajiem
noteico$ajiem faktoriem, kas raksturo zirneklu prasibas péc biotopa (Entling
et al. 2007). Nemot véra mitruma preferences, sugas tika klasificétas ka higro-
filas (adeni milo8as) vai kserofilas (sausumu milosas), bet, nemot véra gaismas
preferences, sugas tika klasificétas ka fotofilas (sauli milo$as) vai sciofilas (énu
milosas). Sugas ar plasu ekologisko amplitidu (t.i., sastopamas daudzos daza-
dos biotopu tipos) tika klasificétas ka biotopu generalisti. Tika sastadits arl visu
zirneklu pilns sugu saraksts, kas atspoguloja visos tris pétijuma gados ievaktos
zirneklus. Sis saraksts ir pieejams Raksta IV 1. pielikuma.

Papildus tam tika arl apkopota informacija par to, vai zalu purvos ievaktas
zirneklu sugas ir konstatétas ari citos Eiropas purvos. Saja apskata ir ieklauti ti-
kai tie purvu pétijumi, kuros bija publicéts pilns zirneklu sugu saraksts. Tadéjadi
apskata tika ieklauti $adi pétjjumi: Cera et al. (2010) (Latvijas kalkainie zalu
purvi), Sternbergs (1991) (Latvijas Bazu purvs), Kajak et al. (2000) (Polijas
zalu purvi), Kupryjanowicz et al. (1998) (Polijas sinu purvi), Vilbaste (1980)
(Igaunijas zalu un stnu purvi), Koponen (2002a,b) (Ziemeleiropas sinu purvi,
tostarp Zviedrijas, Somijas un Ziemelnorvégijas), Relys un Dapkus (2002)
(Lietuvas sinu purvi) un Relys et al. (2002) (Lietuvas un Somijas sitnu purvi). Si
informacija ir pieejama ka klatbatnes-neklatbutnes dati Raksta IV 2. pielikuma.

3.7. Talizpétes datu analize (Raksts V)

Talizpétes analize tika veikta tikai ApSuciema purva. Visas darbibas, kas
saistitas ar talizpétes datu analizi, tika veiktas Quantum GIS (QGIS), kas ir
bezmaksas atvérta koda GIS programmattiras pakotne, ko 2002. gada izveidoja
QGIS izstrades komanda (Flenniken et al. 2020). Lai veiktu attalinatu vegetaci-
jas tipu klasifikaciju ApSuciema purva, tika izmantoti augstas izskirtspéjas taliz-
pétes dati — pétamas teritorijas infrasarkana ortofotografija. Ortofoto tika iegata
no LVM GEO, izmantojot standarta geotelpisko pakalpojumu - WMS/WMTS.
Ortofotografiju uznéma Latvijas Geotelpiskas informacijas agentara (LGIA)
2016. gada 11. maija no aptuveni 4000 m augstuma. Ortofotografijai bija loti
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augsta telpiska izskirtspéja — 0,25 m, un to ieguva digitala lielformata aeroka-
mera — Vexcel UltraCam Eagle Mark 1, kurai ir spektrala panhromatiska josla
(420-690 nm) un cetras multispektralas joslas: sarkana (600)-690 nm), zala
(500-600 nm), zila (420-500 nm) un tuva infrasarkana jeb NIR (700-880 nm)
(Vexcel 2011). Pétjjuma tika izmantots Cetru joslu multispektralais attéls.

Izmantojot ieprieks ieguto ortofotografiju, tika veikta parraudzita purva
vegetacijas deSifréSana. Desifrésanas ievade tika iegiita no klasteranalizes, kas
iedalija purva vegetaciju Cetras klasés. Pamatojoties uz klasteranalizi, ka ari uz
lauka novérojumiem, ortofotografija tika manuali norobezoti neregulari poligoni
jeb ta sauktie intereséjosie regioni (ROI) katrai no ¢etram vegetacijas klasém. Sie
ROI tika attiecigi apziméti ka “Grupa 17 “Grupa 27, “Grupa 3” un “Grupa 4"
Papildus tam tika izveidotas vél divas citas ROI klases, kas parstavéja vegetacijas
tipus, kas bija atrodami purva, bet no kuriem netika nemti lauka paraugi. Tie
tika attiecigi apziméti ka “Mezs” un “Nezinams vegetacijas tips”. Lidz ar to ko-
puma pirms parraudzitas desifrésanas tika izdalitas sesas vegetacijas klases. Visi
dati tika sadaliti apmacibas (80%) un validacijas (20%) datu kopas.

Parraudzita desifrésana tika veikta, izmantojot masinmacisanas algoritmu
Random Forest (RF). Lai atrastu klasifikacijai optimalako RF modeli, tika par-
baudits vértibu diapazons diviem galvenajiem parametriem: ntree = [100, 200,
300, 400, 500] un mtry = [1, 2, 3, 4, 5].

Kad desifrésanas procediira bija veikta, bija svarigi noteikt iegiitas infor-
macijas kvalitati. Saja pétijuma tika izmantotas divas dazadas attéla kvalitates
noveértésanas pieejas — kvalitativais novértéjums un kvantitativais novértéjums.
Kvalitativais novértéjums ietvéra desifréSanas procediras izveidotas vegetaci-
jas tipu kartes vizualu parbaudi. Savukart rezultatu kvantitativais novértéjums
ietvéra kladu matricas generéSanu péc attéla klasifikacijas. Kladu matricas sa-
gatavo$ana ir visbiezak izmantota kvantitativa metode klasifikacijas precizitates
pakapes noskaidrosanai (Lillesand et al. 2015). Lai novértétu izveidotas vege-
tacijas tipu kartes precizitati, no klidu matricas tika aprékinati cetri raditaji:
(1) Kopéja precizitate (OA); (2) Lietotaja precizitate (UA); (3) Razotaja precizi-
tate (PA); un (4) Kapa koeficients (k).

Talizpétes datu analizes galvenais mérkis bija izveidot telpiskas izplatibas
kartes katrai Ap$uciema purva sastopamajai zirneklu sugai. Viss kartes sagata-
vosanas process soli pa solim ir paradits 2. attéla. Kopuma procesu var iedalit
tris galvenajos posmos.

Posms 1: Kartes A>B->C. Pirmkart, tika atlasiti apmacibu paraugi talizpétes
attéla (2A attéls) un veikta parraudzita desifrésana, lai iegitu karti, kas parada
vegetacijas tipu sadalijumu visa purva teritorija (2B attéls). Detalizéts apraksts
par attéla desifrésanas procesu jau ir sniegts ieprieks, tapéc $1 informacija Seit
netiks atkartota. Péc tam, pamatojoties uz lauka datiem par savaktajam zirneklu
sugam, ka arl uz klasteranalizi, tika aprékinatas biotopa preferences katrai no
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ievaktajam zirneklu sugam. Sajos aprékinos tika izmantota formula, kas aprékina
dotas sugas frekvenci (jeb sastopamibas biezumu) katra no vegetacijas tipiem:

Frekvence = N,, / N,
kur:
N, - paraugu skaits vegetacijas tipa x, kuros konstatéta suga i;
N, - kopéjais paraugu skaits vegetacijas tipa x.

Kad katras sugas biotopa preferences tika aprékinatas, Sie dati tika integréti
vegetacijas tipu karté. Rezultata tika ieghta jauna karte, kas parada konkrétas
zirneklu sugas sastopamibas biezumu katra vegetacijas tipa un tadéjadi $1 karte
sniedz informaciju par konkrétajai sugai piemérotakajiem vegetacijas tipiem
(2C attels).

Posms 2: Kartes D>E. Tikmér tika apstradati ari lauka dati par ievak-
tajiem zirnekliem (2D attéls). Lai $os lauka datus grafiski attélotu karté, tika
izmantota telpiskas interpolacijas metode. Interpolacija parvérs punktu datus
virsmas datos un parasti tiek izmantota vértibu prognozésanai nezinamas vietas,
izmantojot vértibas tuvakaja apkartné (Barbulescu 2016). Saja pétijuma tika iz-
mantota procediira, ko sauc par apgriezta attaluma svérto (IDW) interpolaciju.
IDW procediras lietotaja ievade ir attaluma jaudas parametrs (p) un tuvako
parauga punktu skaits (#), kas izmantojams interpolacija. Galvenais faktors, kas
ietekmé IDW interpolacijas precizitati, ir attaluma jaudas parametra vértiba p
(Setianto, Triandini 2013). Jaudas vértiba 2 ir visbiezak izmantota vértiba IDW
interpolacijas metodé, un ta tika izvéléta ari $aja pétijjuma. Tikmeér parametrs n
tika iestatits ka maksimalais tuvako punktu skaits. Interpolacijas procediira tika
veikta ar SAGA (Automatizéta geozinatniskas analizes sistéma), kas ir integréta
QGIS programma (attéls 2E).

Posms 3: Karte F. Kad tika veikti visi iepriekséjie karsu apstrades posmi,
galiga karte tika izveidota, apvienojot divas citas kartes — karti C un karti E.
Sis divas kartes tika apvienotas ar QGIS Rastra kalkulatora palidzibu, reizinot
visas abu kar$u pikselu vértibas. Rezultata tika izveidota karte F, kas parada
kartéto (t.i., visticamako) zirneklu sugu izplatibu purva (2F attéls). Kartes reizi-
nasanas procesa tika generéta skaitliska vértiba, kurai tika pieskirts nosaukums
“Izplatibas indekss” Sis F kartes tika sagatavotas tim zirneklu sugam, kuram
purva tika konstatéts vislielakais individu skaits.
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desifrésana s

Sugu frekvencu
integréSana karté

Loty

Interpolacijas
procedra

Izplatibas indekss

Min: 0%
Max: 100%

2. attéls. Shéma, kas pa posmiem parada visu zirneklu sugu telpiskas izplatibas karsu
sagatavo$anas procesu. (A) Infrasarkana ortofoto karte ar apmacibas paraugiem;

(B) Tematiska karte, kas parada vegetacijas tipu izplatibu purva; (C) Zirneklu sugu
sastopamibas biezums katra vegetacijas tipa - jo tumsaka krasa, jo vegetacijas

tips ir piemeérotaks konkrétajai sugai; (D) Ievakto zirneklu individu skaits katra
parauglaukuma; (E) Dotas zirneklu sugas interpoléta izplatiba; (F) Galiga karte, kas
parada kartéto zirneklu sugu izplatibu purva - jo tumsaka krasa, jo lielaka varbutiba, ka
konkréta zirnek]u suga $eit ir sastopama.
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4. REZULTATI

4.1. Virsaugsnes stava zirneklu daudzveidiba kalkainajos
zalu purvos (Raksts 1)

2010. gada piecos kalkainajos zalu purvos ar augsnes lamatam tika ie-
vakti 5270 zirneklu individi, kas piederéja pie 17 dzimtam un 102 sugam.
Kopéjais pieauguso zirneklu skaits bija 4646. Sugu un individu skaits dazados
zalu purvos bija loti atkirigs. Ipasi mainigs bija individu skaits - tas svarstijas
no 474 (Kanier?) lidz 1818 (Platené). Ari zirneklu daudzveidiba atskiras starp
purviem. Enguré-2 bija visdaudzveidigaka zirneklu sabiedriba, pamatojoties uz
Senona daudzveidibas indeksu, savukart vismazak daudzveidigais purvs bija
Engure-1. Zirnek]u sugas bija visizlidzinatak izplatitas Enguré-2, bet Engureé-1
dazadu sugu sastopamibas péc izlidzinatibas indeksa bija vismazak lidzigas.

Katram purvam bija savas unikalas zirneklu sugas, kas bija sastopamas tikai
$aja konkrétaja purva. Platené bija vislielakais unikalo sugu skaits, no kuram
visizplatitaka bija Erigone atra. Tikai 11 sugas tika konstatétas pilnigi visos pé-
titajos purvos.

Katra purva domingja atskirigas zirneklu sugas. Kanieri bija viena eudo-
minanta suga (Pirata uliginosus) un viena dominanta suga (Centromerus sp);
Apsuciema nebija nevienas eudominantas sugas, bet bija viena dominanta suga
(Antistea elegans); Enguré-1 bija viena eudominanta suga (Pirata latitans), un
neviena dominanta suga; Enguré-2 nebija eudominantu sugu, bet bija tris do-
minantas sugas (Antistea elegans, Pardosa pullata, Pirata uliginosus); un Platené
bija viena eudominanta (Pardosa prativaga) un divas dominantas sugas (Pirata
knorri, Pirata tenuitarsis).

Zirneklu dzimtas ar vislielako individu skaitu bija Lycosidae (3173 individi),
Linyphiidae (526 individi), Hahniidae (327 individi) un Gnaphosidae (284 indi-
vidi). Savukart sugam visbagatakas dzimtas bija Linyphiidae (32 dazadas sugas),
Lycosidae (20 dazadas sugas) un Gnaphosidae (14 dazadas sugas).

4.2. Zalaugu stava zirneklu daudzveidiba kalkainajos
zalu purvos (Raksts II)

2011. gada astonos kalkainajos zalu purvos ar entomologisko tiklinu tika
ievakti 760 zirneklu individi, kas piederéja pie devinam dzimtam un 20 sugam.
Pieaugu$o zirneklu kopskaits bija mazs (tikai 250 individi), bija daudz nepie-
augu$o zirneklu. Analiz&jot zirneklu daudzveidibu, tika secinats, ka pétitajos
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purvos zirnekliem bija loti zemas Senona indeksa vértibas, bet salidzinosi aug-
stas Simpsona indeksa vértibas. Tas liecina, ka zalaugu stava zirneklu sabiedribu
raksturo neliels skaits individiem bagatu sugu un liels skaits individiem naba-
dzigu sugu. Sie daudzveidibas indeksi ari paradija, ka zirneklu zina visdaudz-
veidigakie purvi bija Ap$uciems un Kanieris, savukart Platené bija sastopamas
vismazak daudzveidigas zirneklu sabiedribas.

Individiem visbagataka zirneklu suga, kas tika ievakta purvos, bija Dolomedes
fimbriatus, kas veidoja 32,2% no visiem konstatétajiem pieaugusajiem zirnek-
liem. Nakamas individiem visbagatakas zirneklu sugas bija Tibellus maritimus
(31,0%), Evarcha arcuata (10,1%), Marpissa radiata (5,0%), Pardosa sphagnicola
(5,0%) and Xysticus ulmi (3,9%). Nebija nevienas sugas, kas batu ievaktas visos
astonos purvos, bet desmit sugas tika ievaktas tikai viena konkréta purva.

Kopuma individiem visbagatakas zirneklu dzimtas bija Araneidae (126 in-
dividi), Pisauridae (91 individs), Philodromidae (80 individi) un Salticidae (68
individi). Visas paréjas dzimtas bija parstavétas ar mazak neka 40 individiem
katra. Savukart sugam visbagatakas zirneklu dzimtas bija Linyphiidae (piecas
dazadas sugas) un Araneidae (¢etras dazadas sugas).

4.3. Zirneklu daudzveidiba un vertikala stratifikacija
ApSuciema zalu purva (Raksts Ill)

2012. gada ApSuciema purva kopa tika ievakti 2937 zirneklu individi, kas
piederéja pie 80 sugam 19 dzimtas. Kopéjais pieauguso zirneklu skaits bija 1735.
Kopuma 55 no visam ievaktajam zirneklu sugam bija virsaugsnes stavu apdzivo-
josas, bet 25 sugas bija zalaugu stavu apdzivojo$as. Vidéjais Senona indekss vir-
saugsnes stava zirnekliem bija 1,69 (+ 0,06 standartklada) un tas variéja no 0,50
lidz 2,25, savukart Senona indekss zalaugu stava zirnekliem bija 0,85 (+ 0,07) un
tas variéja no 0,14 lidz 1,86. Sugas izlidzinatiba virsaugsnes stava zirnekliem bija
0,87 (£0,02), bet zalaugu stava zirnekliem - 0,68 (+£0,04). Purva tika novérots
liels skaits sporadisku zirneklu sugu. No virsaugsnes stava zirnekliem tika ievak-
tas 35 sporadiskas sugas (63% no visiem virsaugsnes stava zirnekliem), bet no
zalaugu stava zirnekliem - septinas (28% no visiem zalaugu stava zirnekliem).

Aps$uciema purva zirneklu vertikalas izplatibas struktara tika analizéti gan
pa taksonomiskajam grupam (t.i., sugam un dzimtam), gan pa ekologiskajam
grupam (t.i., funkcionalajam grupam). Dominéjosakas zirneklu sugas virsaug-
snes stava un zalaugu stava dotas 2. tabula. Starp virsaugsnes stava zirnekliem
netika konstatétas eudominantas sugas, tacu ta vieta bija salidzinosi liels domi-
nanto un subdominanto sugu skaits. Tikmeér zalaugu stava situacija bija pavisam
atSkiriga — bija viena eudominanta, viena dominanta un divas subdominantas
sugas. Tadéjadi sugu sastavs, ka ari zirneklu dominances struktara katra no
abiem vegetacijas staviem bija acimredzami atskiriga.
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2. tabula. ApSuciema purva virsaugsnes stava un zalaugu stava individiem
visbagatakas zirneklu sugas 2012. gada. Izmantota Engelmana dominances skala

(Engelmann 1978).

Dominances klase Virsaugsnes stavs Zalaugu stavs
Eudominantas sugas B Dolomedes fimbriatus
(>32%) (Pisauridae)

Dominantas sugas
(10-32%)

Trochosa terricola (Lycosidae),
Antistea elegans (Hahniidae),
Piratula hygrophilus (Lycosidae),
Zora spinimana (Zoridae),
Hygrolycosa rubrofasciata
(Lycosidae)

Evarcha arcuata (Salticidae)

Subdominantas sugas
(3.2-10%)

Pirata tenuitarsis (Lycosidae),
Piratula knorri (Lycosidae),
Pardosa sphagnicola (Lycosidae),
Pardosa fulvipes (Lycosidae)

Oxyopes ramosus
(Oxyopidae), Heliophanus
cupreus (Salticidae)

Recedentas sugas
(1-3.2%)

Pirata uliginosus (Lycosidae),
Allomengea vidua (Linyphiidae),
Phrurolithus festivus
(Corinnidae), Bathyphantes
gracilis (Linyphiidae),
Pardosa lugubris (Lycosidae),
Bathyphantes parvulus
(Linyphiidae), Euryopis
flavomaculata (Theridiidae)

Pisaura mirabilis (Pisauridae),
Synageles venator (Salticidae),
Xysticus ulmi (Thomisidae),
Singa hamata (Araneidae),
Neoscona adianta (Araneidae)

Subrecedentas sugas
(0.32-1%)

Walckenaeria alticeps
(Linyphiidae), Leptorchestes
berolinensis (Salticidae),
Oedothorax sp. (Linyphiidae),
Erigone arctica (Linyphiidae)

Tibellus maritimus
(Philodromidae), Tetragnatha
nigrita (Tetragnathidae),
Clubiona germanica
(Clubionidae), Tibellus
oblongus (Philodromidae),
Marpissa radiata (Salticidae),
Araneus diadematus
(Araneidae), Araniella
cucurbitina (Araneidae),
Araneus quadratus
(Araneidae), Cheiracanthium
punctorium (Miturgidae)

Sporadiskas sugas
(<0.32%)

Atlikusas 35 sugas

Atlikusas septinas sugas

Starp virsaugsnes stavu un zalaugu stavu tika novérotas lielas atskiribas ari
dominances struktara zirneklu dzimtu limeni (3a, b attéls). Individiem visba-
gataka dzimta virsaugsnes stava bija Lycosidae, kas veidoja 60,8% no visiem
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virsaugsnes stava zirnekliem, savukart zalaugu stava visizplatitaka dzimta bija
Pisauridae ar 59,9% no visiem zalaugu stava zirnekliem. Sis divas dzimtas skait-
liska zina neparprotami dominéja, neskatoties uz to, ka Pisauridae dzimta bija
parstavéta principa tikai ar Dolomedes fimbriatus, savukart Lycosidae dzimtu —
ar 13 dazadam sugam. Tikmér sugam visbagatakas virsaugsnes stava zirneklu
dzimtas bija Linyphiidae (34,5% no visiem virsaugsnes stava zirnekliem) un
Lycosidae (23,6%), bet zalaugu stava — Araneidae (28,0% no visiem zalaugu
stava zirnekliem).

Pamatojoties uz zirneklu medibu stratégijam, zirnekli tika sagrupéti
tris funkcionalajas grupas: (1) tiklu vérpéji (konstatétas zirneklu dzimtas:
Theridiidae, Araneidae, Agelenidae, Linyphiidae, Tetragnathidae un Hahniidae);
(2) slépni sédosie zirnekli (Lycosidae, Thomisidae un Pisauridae); un (3) aktivie
mednieki (Gnaphosidae, Clubionidae, Miturgidae, Philodromidae, Salticidae,
Oxyopidae, Zoridae, Liocranidae un Corinnidae). Kopuma funkcionalo grupu
sastava analize liecinaja, ka zirnek]u funkcionalo grupu struktiira abos vegetaci-
jas stavos bija diezgan lidziga - slépni sédosie zirnekli bija skaitliski dominéjo-
$aka grupa abos stavos, savukart tiklu vérpéji - sugam visbagataka grupa abos
stavos (3¢, d attéls).

100% 100%
90% 90% +—

. A o " BAraneidae
80% lehn?!ﬂ:E 80% @Gnaphosidae
70% lahnildae 70% +— —— |Linyphiidae

oLinyphiidae N N
60% N 60% +—1 [ |mLiocranidae
OLycosidae N
50% BOxy opidae 50% || [Slycosidae
o Xy opt oPhilodromidae
40% DPisauridae 40% OPisauridae
0% lzsalf::;dae 30% mSalticidae
20% :c‘:" ;_m 20% OTheridiidae
s caimtas| mCitas dzimtas
10% 10%
0% 0%
Virsaugsnes stavs Zalaugu stavs a Virsaugsnes stavs Zilaugu stavs b
100% 100%
920% 0%
80% 80%
70% 70%
60% '@ Tiklu verp&ji 80% aTiklu vérpaji
50% 0O 81&pni sédosie zimekli 50% O SI8pni sédosie zimekli
40% mAKtivie mednieki 40% BAktivie mednieki
30% 30%
20% 20%
10% 10%
0% 0%
Virsaugsnes stivs  Zlaugu stivs ¢ Virsaugsnes stivs  Zilaugu stivs d

3. attéls. Zirneklu dzimtu un funkcionalo grupu dominances struktira péc individu
skaita un péc sugu skaita ApSuciema purva virsaugsnes stava un zalaugu stava;

(a) individiem visbagatakas zirneklu dzimtas; (b) sugam visbagatakas zirneklu dzimtas;
(c) individiem visbagatakas zirneklu funkcionalas grupas; (d) sugam visbagatakas
zirneklu funkcionalas grupas.
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4 .4. Ekologiskas attiecibas starp zirnekliem
un vegetaciju (Raksti I, II, 111)

Regresijas analize paradija, ka zirneklu skaitu, sugu bagatibu un daudzvei-
dibu butiski pozitivi ietekméja augu sugu bagatiba un augu daudzveidiba purva
(3. tabula). Kopuma vegetacijas strukturalie parametri vairak ietekméja zalaugu
stava zirneklus — analizés atkljas, ka augu sugu bagatiba veidoja attiecigi 21,7%
un 18,1% no kopéjam zalaugu stava zirneklu sugu bagatibas un individu skaita
variacijas tika izskaidrota ar vegetacijas ipasibam.

Vegetacijas augstums ir vél viena biotopa kvalitates komponente. Tomér
atskiriba no pozitivajam attiecibam starp zirnekliem un augu daudzveidibu,
vegetacijas augstums bija faktors, kas negativi ietekméja zirneklu skaitu (3. ta-
bula). Kopéja zalaugu stava zirneklu sugu bagatiba un daudzveidiba btiski sa-
mazinajas, palielinoties vegetacijas augstumam. Veicot korelacijas analizi starp
vegetacijas augstumu un dazadam augu sugam, tika secinats, ka augstaka vege-
tacija ir butiski pozitivi saistita ar parastas niedres Phragmites australis klatbttni
(2011. gada: ry = 0,680; p-vértiba < 0,01; 2012. gada: rs = 0,354; p-vértiba < 0,01).

3. tabula. Linearas regresijas analize, kas apraksta attiecibas starp virsaugsnes stava
un zalaugu stava mito$ajiem zirnekliem un pétitajam vegetacijas ipasibam (n = 57).
Statistiskais batiskums: * - 0,05; ** - 0,01; *** - 0,001.

;:;2:?3 Rezultativa pazime (y) R? p-vértiba | Regresijas vienadojums
~ Individu skaits 0.07438 | 0.040* y = 8.7995 + 0.8041x
g;‘gi‘;i‘;gu 3.:, Sugu bagatiba | 0.08362 | 0.029* | y=4.5857 + 0.2632x
- | Sugu daudzveidiba | 0.1376 0.004** | y=1.09513 + 0.05695x
R £ | Individu skaits | 002047 | 0.288 y = 13.035 + 2.895x
d;ugélzvei diba g Sugu bagatiba | 0.03291 | 0.177 y = 5.7055 + 1.1333x
£ | Sugu daudzveidiba | 0.08383 | 0.029* y = 1.2514 + 0.3051x
o = | Individu skaits | 0.001644 | 0.765 y = 17.179 + 0.714x
;ﬁg:ttsrcr?sas £ | Sugubagatiba | 001304 | 0398 y = 7.3452 - 0.6209x
Sugu daudzveidiba | 0.04632 | 0.108 | y = 169339 - 0.19733x
Individu skaits 0.1812 | 0.001"* | y=-3.5705+ 1.5505x
i?gi‘;é‘;gu = | Sugu bagatiba 02168 | 0.0003*** | y = 0.60042 + 0.07585x
é) Sugu daudzveidiba | 0.1216 0.008** | y=0.14846 + 0.06674x
N | Individu skaits | 0.06134 | 0.063 y =3.721 + 6.191x
dA;lf(;lzvei diba & | Sugubagitiba | 01331 | 0005 | y=0.8061 +0.4080x
5, | Sugu daudzveidiba | 0.06776 | 0.051* y = 0.354 + 0.342x
Vesetaci .é Individu skaits 0.01234 0.411 y = 12.660 - 2.416x
asg:tsgsas N | Sugubagatiba | 007256 | 0.043* | y=139722 - 0.26212x
Sugu daudzveidiba | 0.06756 | 0.051* | y=0.85085 — 0.29715x
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Redundances analize (RDA) ar virsaugsnes stava zirneklu sabiedribu uzra-
dija batisku ordinaciju (p = 0,001 péc 999 permutacijam; 4a attéls). RDA skait-
liska izvade paradija, ka pirmas divas kanoniskas asis kopa izskaidroja 33,8% no
datu kopéjas dispersijas; pirma ass izskaidroja 19,8%. Pirma ass cie$i koreléja ar
augu sugu bagatibas gradientu, kur ar augu sugam bagati parauglaukumi novie-
tojas kreisaja pusé, bet tie, kuros bija mazs augu sugu skaits un liels dizas aslapes
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4. attels. RDA ordinacijas diagrammas, kas parada zirnek]u sabiedribu organizaciju
atkariba no vegetacijas struktaras, mérogosana 2. Apli apzimé parauglaukumus, trijstari
apzimé sugas. Analizé tika ieklautas tikai tas sugas, kuram bija ievakti > 4 individi,

un ir paraditi tikai butiskakie vegetacijas parametri (attéloti ka bultas); (a) ordinacijas
attéls virsaugsnes stava zirneklu sabiedribam; (b) ordinacijas attéls zalaugu stava
zirnek]u sabiedribam. Saisinajumi: Bryophyta - stinaugi; Clad_mar - Cladium
mariscus; Mol_caer — Molinia caerulea; Myr_gale — Myrica gale; Scir_tab — Scirpus
tabernaemontani; Plants_H - augu daudzveidiba (Senona daudzveidibas indekss);
Plants_S - augu sugu bagatiba; Veg_heig - vegetacijas augstums. Virsaugsnes stava
zirneklu sugas: Allo_vid — Allomengea vidua; Anti_eleg — Antistea elegans; Bath_grac -
Bathyphantes gracilis; Bath_parv — Bathyphantes parvulus; Erig_arc — Erigone

arctica; Eury_flav — Euryopis flavomaculata; Hygr_rub — Hygrolycosa rubrofasciata;
Lept_ber — Leptorchestes berolinensis; Oedo_sp — Oedothorax sp.; Pard_fulv - Pardosa
fulvipes; Pard_lug — Pardosa lugubris; Pard_sph — Pardosa sphagnicola; Phr_fest —
Phrurolithus festivus; Pir_hygr — Piratula hygrophilus; Pir_knorri — Piratula knorri;
Pir_ten — Pirata tenuitarsis; Pir_ulig — Pirata uliginosus; Troc_terr — Trochosa terricola;
Walc_alt - Walckenaeria alticeps; Zora_spin — Zora spinimana. Zalaugu stava zirneklu
sugas: Club_germ - Clubiona germanica; Dol_fimb - Dolomedes fimbriatus; Evar_arc —
Evarcha arcuata; Hel_cupr - Heliophanus cupreus; Marp_rad — Marpissa radiata;
Neo_adi - Neoscona adianta; Oxy_ram — Oxyopes ramosus; Pis_mir — Pisaura mirabilis;
Sin_ham - Singa hamata; Syn_ven - Synageles venator; Tetr_nig — Tetragnatha nigrita;
Tib_mar - Tibellus maritimus; Tib_obl — Tibellus oblongus; Xys_ulmi — Xysticus ulmi.
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Cladium mariscus segums — pa labi. Otra ass bija saistita ar zilgana meldra
Scirpus tabernaemontani un stinaugu klatbatni-neklatbatni, kur parauglaukumi
ar lielu S. tabernaemontani un sinu segumu atradas ordinacijas diagrammas
apakséja dala, bet ar mazu segumu - diagrammas augséja dala. Rezultati lieci-
naja, ka lai gan dazas no virsaugsnes stava zirneklu sugam skaidri deva prieks-
roku noteiktam biotopa tipam, citas atradas kaut kur pa vidu ordinacijas telpai.

RDA ar zalaugu stava zirneklu sabiedriba ari uzradija batisku ordinaciju
(p = 0,003 péc 999 permutacijam; 4b attéls). Pirmas divas asis kopa izskaidroja
42,6% no kopéjas dispersijas, bet pirma ass atseviski izskaidroja 39,0%. Lidzigi
ka ieprieks, pirma ass izkartoja parauglaukumus pa augu daudzveidibas gra-
dientu. Papildus tam vegetacijas augstums bija faktors, kas uzradijas ka gara
bulta, paradot ta lielo nozimi zalaugu stava zirneklu sabiedribu strukturésana.
Visbeidzot, ja apluko atsevi$kas zalaugu stava mitosas zirneklu sugas, tad dia-
gramma redzams, ka lielaka dala no tam ir novietojusas ordinacijas diagrammas
centralaja dala.

4.5. Parskats par kalkaino zalu purvu arahnofaunu (Raksts V)

Kopuma visos trijos pétijuma gados tika ievakti 8967 zirneklu individi (6631
pieaugusais un 2336 nepieaugusie), kas parstavéja 134 sugas, 15 morfosugas un
21 dzimtu. Lielaka dala sugu (87 spp.) tika ievaktas tikai viena konkréta gada,
savukart visos tris pétijjuma gados tika konstatétas tikai piecas sugas (Dolomedes
fimbriatus, Evarcha arcuata, Tibellus maritimus, Xysticus ulmi un Kaestneria
pullata). Kopuma §1 pétijuma laika tika konstatétas astonas Latvijas arahno-
faunai jaunas zirneklu sugas - Cheiracanthium punctorium (Eutichuridae),
Gnaphosa lapponum (Gnaphosidae), G. nigerrima (Gnaphosidae), Bathyphantes
parvulus (Linyphiidae), Centromerus semiater (Linyphiidae), Microlinyphia im-
pigra (Linyphiidae), Pirata tenuitarsis (Lycosidae) un Leptorchestes berolinensis
(Salticidae). Domingjosas zirnek]u sugas katra pétijuma gada un katra purva ir
uzskaititas 4. tabula. Viena no visbiezak sastopamajam un visbiezak konstatéta-
jam sugam bija Dolomedes fimbriatus, kas bija sastopama lielakaja dala pétito
kalkaino zalu purvu. Tomeér kopuma bija vérojamas diezgan lielas atskiribas
zirneklu sugu sastava starp dazadiem purviem, starp pétijuma gadiem, ka ari
starp augsnes lamatam un entomologiska tiklina paraugiem.

Izmantojot atbilsto$u informaciju no literataras, tika sagatavots iss apraksts
par katru no ievaktajam zirneklu sugam. Tapat visas savaktas zirneklu sugas
tika saskirotas ekologiskajas grupas atbilstosi to biotopu prasibam. Si klasifi-
kacija galvenokart balstijas uz zirneklu prasibam péc mitruma (higrofilas/kse-
rofilas sugas) un péc gaismas (fotofilas/sciofilas sugas). Dazam zirneklu sugam
tika izdalitas arl apaksgrupas. Tomér dazos gadijumos bija gruti klasificét kadu
zirneklu sugu noteikta ekologiskaja grupa, jo literatura atrodama informacija
dazreiz ir pretruniga.

28



4. tabula. Domingjo$as zirnek]u sugas katra pétijjuma gada un katra pétitaja purva.

Pétijuma 2010 2011 2012
gads
Ievaksanas Augsnes Entomologiskais | Entomologiskais Augsnes
metode lamatas tiklin$ tiklins lamatas
Trochosa terricola;
. Evarcha arcuata; .
Antistea elegans; . .. Dolomedes Antistea elegans;
L. Tibellus maritimus; X )
ApSuciems Bathyphantes Dolomedes fimbriatus; Piratula
parvulus . Evarcha arcuata hygrophilus;
fimbriatus L
Zora spinimana
Dolomedes
- . . briatus;
Kanieris Pirata uliginosus Tibfﬁ;’z ;;Zr?tsimus;
Evarcha arcuata
Pardosa
prativaga;
Piratula latitans;
Engure (1) Pirata Tibellus maritimus;
tenuitarsis; Dolomedes
Piratula Sfimbriatus
hygrophilus
Engure (2) Aﬁtistea f?l.egans;
Pirata uliginosus
Pardosa Tibellus maritimus;
Platene prativaga; Dolomedes
Piratula knorri fimbriatus
Dolomedes
Kirba fimbriatus;
Tibellus maritimus
Tibellus maritimus;
Jeci Dolomedes
fimbriatus

Zirneklu ekologisko grupu sastavs pétitajos kalkainajos zalu purvos un
zirneklu sugu un individu skaits katra grupa paradits 5. attéla. Sugam un in-
dividiem visbagataka ekologiska grupa bija higrofilas sugas - vairak neka puse
no visam zirneklu sugam un individiem, kas tika ievakti purvos, tika klasificéti
ka higrofili (ja Seit ietver ari higrofilas-fotofilas un higrofilas-sciofilas sugas).
Fotofilas sugas (ietverot fotofilas-higrofilas un fotofilas-kserofilas) bija vél viena
liela grupa pétitajos purvos — kopuma 46 no ievaktajam zirneklu sugam (34% no
visiem zirnekliem) un 3088 individus (48%) varéja klasificét ka fotofilus. Paréjas
ekologiskas grupas — kserofilie, sciofilie un biotopu generalisti — bija parstaveti
ar diezgan mazu sugu un individu skaitu.
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5. attéls. Proporcionalais zirnek]u ekologisko grupu sastavs Latvijas kalkainajos zalu
purvos péc sugu skaita (tumsi zilas kolonnas) un péc individu skaita (gaisi zilas
kolonnas).

4.6. Zirneklu telpiska izplatiba ApSuciema zalu purva
(Raksts V)

Zirneklu izplatiba tika kartéta, pamatojoties uz informaciju par purva ve-
getaciju. Vegetacijas tipi (jeb augu sugu sabiedribas) tika definéti, izmantojot
klasteranalizi, kas paradija, ka kopuma pétitaja purva iespéjams izdalit Cetrus
dazadus vegetacijas tipus (6. attéls). Katrs no Siem vegetacijas tipiem atskiras
péc: (1) kopéja augu sugu skaita; (2) augu sugu sastava; un (3) augu sugu pro-
jektiva segums.

Height
00 05 10
L ! I

6. attels. Hierarhiskas klasteranalizes dendrogramma, kas parada, ka purva vegetaciju
var iedalit Cetras dazadas grupas (57 parauglaukumi). Katra grupa ir iekrasota cita krasa.
Klasteranalizes uzstadijumi bija: (1) Distances mérs: Eiklida; un (2) Grupu sasaistes
metode: Varda metode.
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Pamatojoties uz klasteranalizes rezultatiem, tika veikta parraudzita purva
vegetacijas deSifréSana. DeSifrésanas rezultati paradija, ka vislabakais klasifikaci-
jas iznakums tika iegtits ar Random Forest modeli, kuram bija uzstaditi sekojosi
parametri: ntree = 300; un mtry = 3. Klasifikacijas rezultata tika ieguti divi pro-
dukti: (1) tematiska karte, kas parada vegetacijas tipu izplatibu purva (7. attéls);
un (2) statistikas tabula (t.i., klidu matrica), kura paradita katra vegetacijas tipa
klasifikacijas precizitate (5. tabula).

Lai novértétu vegetacijas tipu klasifikacijas kvalitati, tika veikta sagatavotas
tematiskas kartes vizuala parbaude. Kopuma karte diezgan labi atbilda realajam
vegetacijas tipu sadalijumam purva teritorija. Tomér taja pasa laika klasifikacijas
precizitate dazadas purva dalas bija atskiriga. Loti augsts precizitates limenis
tika iegiits vegetacijas tipiem Nr. 1 un Nr. 4. Tapat kartes vizuala eksamina-
cija uzradija augstu precizitati tiem vegetacijas tipiem, kuri netika pétiti lauka
apstaklos - mezainajai teritorijai, kas atrodas ap purvu, ka arl nezinamajam/
neidentificétajam vegetacijas tipam, kas atrodas purva dienvidaustrumu dala.

Vedetacijas tipi, kas
pétiti lauka apstaklos:
I Tips 1
[ Tips 2
B Tips3
B Tips 4

Nepétitie vegetacijas tipi:

- Mezs

[ ] Nezinams vegetacijas tips

0 100 200 300
BN B metri

7. attéls. Karte, kura paradita Ap$uciema purva vegetacijas tipu (n = 4 + 2) telpiska
lokalizacija. Karte tika izveidota, izmantojot parraudzito deifréSanu (izmantotais
algoritms: Random Forest). Vegetacijas tipi Nr. 1.-4. ir saskana ar klasteranalizi un tiem
ir tadas pasas krasas.
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5. tabula. Random Forest klasifikacijas klidu matrica un klasifikacijas precizitates,
izmantojot visprecizako klasifikacijas rezultatu (ntree = 300; un mtry = 3). Klasifikacija
tika veikta, izmantojot ¢etrkanalu multispektralo attélu (R G B + NIR) ar iz8kirtspéju
0,25 m.

References dati
Vegetacijas tipi | veg. | Veg. | Veg. | Veg. . . _ Lictotaja
tips 1 | tips 2 | tips 3 | tips 4 Meis | Nezinams | KOPA | Precizitate
Veg. tips 1 | 3231 | 149 18 0 0 0 3398 95%
Veg. tips 2 33 1692 | 105 5 37 8 1880 90%

§ Veg. tips 3 6 83 267 0 0 0 356 75%

S| Veg. tips4 | 1 16 | 2 |2361 0 0 2380 99%

& Meis 0 42 0 0 3627 1 3670 99%
Nezinams 0 13 0 0 0 3348 3361 100%
KOPA 3271 | 1995 | 392 | 2366 | 3664 3357 15045

Razotaja | 90 | g5% | 68% | 100% | 99% | 100% ;(«;),gf/ia preciriate
precizitate Kapa koeficients: 0,95

Rezultati tika analizéti ari kvantitativi. Lai novértétu Random Forest klasi-
fikatora veiktspéju, tika izmantoti Cetri dazadi klasifikacijas precizitates indeksi:
Kopéja precizitate (OA), Lietotaja precizitate (UA), Razotaja precizitate (PA) un
Kapa koeficients (k). Iegatas So indeksu vértibas ir apkopotas kladu matrica
(5. tabula). Klasifikacijas OA sasniedza gandriz 97% pa visu purva teritoriju.
Runajot par individualam precizitatém, kladu matrica uzradija lidzigus rezulta-
tus ka kartes vizualais novértéjums — ka vegetacijas tipi Nr. 1 un Nr. 4 karté tika
atpaziti gandriz perfekti. Turpretim lielaka neskaidriba jeb nepareiza klasifika-
cija uzradijas starp vegetacijas tipiem Nr 2 un Nr. 3, jo vegetacijas tips Nr. 2 tika
nepareizi klasificéts ka vegetacijas tips Nr. 1 vai Nr. 3, bet vegetacijas tips Nr. 3
tika nepareizi klasificéts ka vegetacijas tips Nr. 2. Visu vegetacija tipu (iznemot
Nr. 2 un Nr. 3) klasifikacijas precizitate bija vismaz 95%, kas ir loti augsta. Sai
datu kopai arT k bija Joti augsts — 0,95%.

8. attéla paraditas sesu zirneklu sugu kartétas telpiskas izplatibas ApSuciema
purva teritorija. Sugas sastopamibas iespéjamiba karté attélota ar melnu krasu —
jo tumsaka krasa karté, jo vieta ir sugai piemérotaka un lidz ar to ir lielaka
iespéjamiba, ka suga $eit ir atrodama. Kopa ar sugu izplatibas kartém katrai
sugai tika generéta vértiba, kas tika nosaukta ka “Izplatibas indekss” “Izplatibas
indeksa” skaitliska vértiba dazadam sugas bija loti atskiriga, un tika novérots, ka
jo mazaka ir indeksa maksimala veértiba, jo vairak konkréta suga ir izkliedéta
purva teritorija un otradi - jo lielaka ir maksimala vértiba, jo suga ir sastopama
mazaka un koncentrétaka teritorija. Saskana ar izplatibas kartém purva terito-
rija nebija izteikti zirneklu daudzveidibas “karstie punkti’, jo dazadam zirneklu
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Antistea elegans
(n=104)

Dolomedes fimbriatus
(n =461)

Izplatibas indekss:

Min: 0 (0%)
Max: 7.9 (100%)

Izplatibas indekss:

Min: 0 (0%)
Max: 36.9 (100%)

Evarcha arcuata
(n=103)

Pirata hygrophilus
(n=102)

Izplatibas indekss: Izplatibas indekss:
Min: 0 (0%) Min: 0 (0%)
i Max: 6.6 (100%) i Max: 14.6 (100%)

I metri I metri

Trochosa terricola
(n=122)

Zora spinimana
(n=99)

Izplatibas indekss:

i Min: 0 (0%)

Izplatibas indekss:

i Min: 0 (0%)
Max: 5.7 (100%)

Max: 5.8 (100%)

8. attels. Sesu ApSuciema purva mito$o zirneklu sugu (alfabéta seciba) kartétas
izplatibas kopa ar “Izplatibas indeksiem”. Tumsaki apgabali norada uz lielaku varbatibu,
ka suga te ir sastopama, savukart gai$aki apgabali norada uz mazaku sugu sastopamibas
iespéjamibu. “Izplatibas indeksa” maksimala vértiba atspogulo sugas izkliedes pakapi
(t.i.,, mazakas vértibas norada uz lielaku izkliedi).
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sugam pétitaja biotopa bija diezgan atskirigi telpiskas izplatibas veidi. Tomeér
kopuma bija iespéjams izdalit piecus galvenos zirneklu sugu izplatibas veidus
konkrétaja teritorija: (1) Sugas, kas dod prieksroku purva centralajai dalai (t.i.,
purva malas bija mazak sastopamas); (2) Sugas, kas dod prieksroku purva ma-
lam (t.i., purva centra bija mazak sastopamas); (3) Sugas, kas izvairas no purva
centra (t.i., sastopamas tikai purva malas un praktiski nav sastopamas purva
centra); (4) Sugas, kuram nav skaidras preferences (t.i., sastopamas vairak vai
mazak visa purva, ieskaitot purva centru un malas); un (5) sugas, kas sastopa-
mas Joti lokali (t.i., dod prieksroku vienai noteiktai vietai purva).
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5. DISKUSIJA

5.1. Virsaugsnes un zalaugu stavs zirneklu daudzveidiba
zalu purvos (Raksti I, 11, 111)

legiitas Senona indeksa vértibas paradija, ka zirneklu daudzveidiba loti at-
$kiras starp dazadiem purviem, ka ari starp viena un ta pasa purva dazadam
dalam. Sis variabilitates iemesls varétu biit saistits ar faktu, ka ari augu sugu
daudzveidiba pétitajos purvos bija loti atskiriga. Turklat augu sugu daudzveidiba
varigja arl viena un ta pasa purva ietvaros - ja runajam par ApSuciema purvu,
tad var secinat, ka $is purvs ir vizuali loti neviendabigs biotops, kas sastav no
dazada veida mikrobiotopu mozaikas, kur loti nabadzigie vegetacijas puduri
(galvenokart sastavo$i no dizas aslapes Cladium mariscus) ieklaujas loti baga-
taja vegetacija. Daudzi pétjjumi ir paradijusi, ka lielaka augu sugu bagatiba un
daudzveidiba parasti rezultéjas ari ar lielaku zirneklu daudzveidibu (Langellotto,
Denno 2004; Tews et al. 2004).

Senona indekss ari paradija, ka virsaugsnes stava zirneklu daudzveidiba
pétitajos purvos bija daudz lielaka neka zalaugu stava zirneklu daudzveidiba. Ta
ka Senona daudzveidibas indekss apvieno gan sugu bagatibas, gan izlidzinatibas
novértéjumus, tad tik zemas Senonas indeksa vértibas zalaugu stava zirnekliem
varétu but saistitas ar §is zirneklu grupas ievérojami zemako sugu bagatibu un/
vai zemaku izlidzinatibas indeksa vértibu. Zalaugu stava zirneklu izlidzinatiba
bija zems galvenokart tapéc, ka zalaugu stava absolati dominéja tikai viena
suga — Dolomedes fimbriatus. Purvainas teritorijas ir tipisks D. fimbriatus biotops
(Roberts 1996), un, ta ka tas ir liela izméra zirneklis (matites kermena garums
var sasniegt 20 mm), tam iespé&jams ir konkurences prieksrocibas salidzindgjuma
ar citiem zirnekliem, kas apdzivo to pasu biotopa stavu (Harwood et al. 2001).
Turklat kermena izméra atskiribas veicina savstarpéju plésonibu, kad lielaka iz-
meéra zirneklu sugas uzbriuk mazaka izméra sugam (Patrick et al. 2012). Tadéjadi
D. fimbriatus lielais kermena izmeérs, ka ar $ai sugai piemérotie apstakli purva
varétu but galvenie iemesli, kapéc $ai sugai ir tik liela sastopamiba pétitaja bio-
topa. Pretéja situacija bija vérojama virsaugsnes stava, kur zirneklu individi bija
vienmeérigak sadaliti starp dazadam sugam. Lielaka dala domingjo$o virsaugsnes
stava zirneklu sugu piederéja pie Lycosidae dzimtas, skaitliski dominéjosakie
bija Trochosa terricola, Piratula hygrophilus un Hygrolycosa rubrofasciata. Ari
citi pétnieki, kas pétijusi zirneklus mitraju biotopos, ir atklajusi, ka Saja biotopa
parasti dominé Lycosidae dzimtas zirnekli (Koponen 2003; Cummins 2007). Tas
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varétu but izskaidrojams ar to, ka ari Lycosidae dzimtas zirnekli biezi ir sais-
titi ar Gideni (Foelix 2011). Tomér iesp&jams ari, ka Lycosidae dzimtas parsvars
paraugos ir izmantotas ievaksanas metodes (augsnes lamatu) dél. Domajams,
ka augsnes lamatas atskirigi notver zirneklus ar dazadu aktivitati, un tapéc loti
aktivas grupas (piemeéram, Lycosidae dzimtas parstavji) tiek notvertas nesa-
mérigi vairak neka paréjas (Cummins 2007). Ir pieradits, ka pétijumos, kuros
tika izmantotas augsnes lamatas, gandriz vienmér dominéja Lycosidae dzimta,
neatkarigi no ta, kada biotopa pétijums tika veikts (pieméram, Corey et al. 1998;
Kowal, Cartar 2012).

5.2. Zirneklu vertikala stratifikacija ApSuciema zalu purva
(Raksts I1)

Meés jevacam zirnek]u paraugus no diviem dazadiem biotopa staviem - vir-
saugsnes stava un zalaugu stava - un salidzinajam zirnek]u dzimtu, sugu un
funkcionalo grupu sastavu starp $iem abiem staviem. Tika konstatéts, ka katrs
stavs bija taksonomiski loti atskirigs — starp virsaugsnes stavu un zalaugu stavu
bija vérojama maza sugu un pat dzimtu parklaganas. Kopuma virsaugsnes un za-
laugu stava kopigas bija tikai astonas no 80 zirneklu sugam. Sie rezultati saskan
ar daudzu citu autoru atklajumiem, kuri pétijusi zirneklu vertikalo izplatibu un
ari konstatéjusi, ka zirnekli biotopa ir tendéti stratificéties (pieméram, Stenchly
et al. 2012; Pinzon et al. 2013). Turklat pétijumi liecina, ka zirnekli uzrada sugu
stratifikaciju ne tikai meza biotopos (Brown 2008; Pinzon et al. 2013), bet ari
atklatos biotopos (Kim et al. 1989; Pekar 2005), neskatoties uz to, ka Sie biotopu
veidi ievérojami atskiras vertikalas stratifikacijas zina — kameér meza biotopos
zirnekliem ir pieejami daudzi dazadi biotopa stavi (t.i., zemsedzes stavs, pa-
mezs, lapotnes augséjais stavs, virslapotnes stavs), nemeza biotopos stavu skaits
ir neliels (Basset et al. 2003). Acimredzot dazadas zirneklu sugas/dzimtas ir
labi pielagojusas dzivosanai noteikta biotopa stava. Horvath et al. (2009), pie-
méram, atklaja, ka lielaka dala diena aktivo zirneklu, kas medi uz ziediem un
citam auga aug$éjam dalam, nevar eksistét zemakajos biotopa stavos. Savukart
pretéji tam, lielaka dala mazo zirneklu (pieméram, Linyphiidae dzimta) parasti
dzivo tuvu zemei (Foelix 2011). Sadas preferences noteiktam biotopa stavam
tomeér nav parsteidzosas, jo dazadi stavi nodrosina loti atskirigus mikrobiotopus
zirnekliem, t.i., katram biotopu stavam ir tikai tam raksturigi mikroklimatiskie
apstakli, dazadu substratu pieejamiba baribas meklé$anai vai tiklu veido$anai,
ka ari atskirigs baribas objektu spektrs (Abraham 1983; Foelix 2011). Pétijumi
rada, ka zirnekli ir arkartigi jutigi pret minétajiem faktoriem, un tapéc tas varétu
bat iemesls, kapéc starp vertikalajiem biotopa staviem var veidoties atskirigas
zirneklu sabiedribas (Oguri et al. 2014).
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Atbilstosi tam, kada veida zirnekli medi, visas purvos konstatétas zirneklu
dzimtas tika iedalitas tris dazadas funkcionalajas grupas: tiklu vérpéji, sléepni sé-
dosie zirnekli un aktivie mednieki. Rezultati paradija, ka, neskatoties uz lielajam
atskiribam dzimtu un sugu sastava starp virszemes un zalaugu stavu, zirneklu
funkcionalo grupu proporcijas abos biotopa stavos bija diezgan lidzigas — abos
stavos slépni sédosie zirnekli dominéja péc individu skaita, savukart tiklu vér-
péji dominéja abos stavos péc sugu skaita. Tomeér te jauzsver, ka Sie rezultati
varétu but nedaudz atskirigi, ja tiktu izmantota kada no citam eksistéjosajam
zirneklu funkcionalo grupu klasifikacijam. Kopuma zirneklus var grupét funk-
cionalajas grupas daudzos veidos — pieméram, iedalijums var bat balstits uz
zirneklu baribas mekléSanas stratégiju, biotopu preferencém, diennakts aktivi-
tates vai baribas objektu spektra (Post, Riechert 1977). Ta rezultata funkcionalo
grupu skaits ir Joti dazads — kameér dazi autori izskir tikai divas (Uetz 1977) vai
tris (Nyffeler 1982) zirneklu funkcionalas grupas, citi zirneklus iedala piecas
(Young, Edwards 1990), septinas (Canard 1990), astonas (Riechert, Lockley
1984; Uetz et al. 1999) vai pat 11 (Post, Riechert 1977) dazadas grupas. Tomér
visskaidraka klasifikacija ir starp timekla vérpéjiem un klejojosajiem zirnekliem
(Uetz 1977; Wise 1995). Sis divas zirneklu grupas ir ekologiski loti atskirigas —
tiklu vérpéji ir mazkustigi zirnekli, kas veido tiklus un tadéjadi partiek galveno-
kart no kustiga medijuma, turpretim klejojosie zirnekli neveido tiklus un tiem
ir mobilaka baribas meklésanas stratégija un tadéjadi tie barojas gan no kus-
tigiem, gan nekustigiem upuriem (Nyffeler 1999; Cobbold, MacMahon 2012).
Ari $aja pétijuma tika izmantots $is pamata iedalijums divas funkcionalajas gru-
pas, tomér tai pat laika klejojosie zirnekli tika iedaliti nedaudz smalkak - vini
tika sadaliti slépni sédosajos zirneklos un aktivajos medniekos. Sads lémums
tika pamatots ar to, ka slépni sédoso zirneklu medibu stratégija atrodas kaut kur
pa vidu starp abam pamatgrupam - lidzigi ka aktivie mednieki, slépni sédosie
zirnekli medi, neizmantojot tiklus, turpretim lidzigi ka tiklu vérpéji, vini aktivi
nevaja upuri, bet gaida, kad tas pienaks viniem tuvu klat (Wise 1995). Jebkura
gadijuma rezultati liecina, ka katru biotopa stavu apdzivo vairakas funkcionalas
grupas, nevis tikai viena. Sida uzvediba, visticamak, ir pielagosanas, lai izvairi-
tos no konkurences, jo, ta ka “funkcionala grupa” tiek definéta ka sugu grupa,
kas izmanto vienu un to pasu resursu lidziga veida, tad sugas, kas pieder vienai
funkcionalajai grupai, visticamak bus konkurenti (Polis, McCormick 1986; Uetz
et al. 1999). So apgalvojumu pieradija Spillers (1984) un Herberstein (1998),
kuri pétija tiklus veidojo$os zirneklus un novéroja, ka savstarpéji konkuréjosi
tiklu vérpéji konstrué savus tiklus dazados vegetacijas augstumos, kad abas
sugas ir kopa, tacu tas netiek novérots tad, kad viena no sugam tiek nonemta.
Tapat arl Enders (1974) noradija, ka dazadi tiklus vérpjosie zirnekli var pasta-
vét lidzas viena biotopa tikai tad, ja tie veido tiklus dazados augstumos (Marc,
Canard 1997).
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5.3. Biotopu komplicétibas ietekme uz zirnekliem
(Raksti I, 11, 1)

Analizes paradija, ka eksisté stipra saikne starp zirnekliem un purva vegeta-
ciju. Sie rezultati ir saskana ar daudziem iepriekigjiem pétijumiem, kas paradija
vegetacijas fiziskas struktaras un neviendabiguma lielo nozimi zirneklu izplatiba
(Curtis, Bignal 1980; Hatley, MacMahon 1980; Robinson 1981). Saja pétijuma
zirneklu individu skaits un sugu bagatiba bija pozitivi saistita ar augu sugu ba-
gatibu un augu daudzveidibu purvos. Ari daudzi citi pétnieki ir novérojusi, ka
lielaka biotopu komplicétiba rezultéjas ar lielaku zirneklu skaitu un daudzvei-
dibu, jo strukturali daudzveidigaki biotopi var nodrosinat lielaku niSu dazado-
$anos un vairaku zirneklu sugu lidzaspastavésanu (Rypstra 1986; Langellotto,
Denno 2004). Komplicétaka vegetacija ir labvéliga zirnekliem daudzos veidos.
Pieméram, viens no faktoriem, kas izskaidro zirneklu izplatibu biotopa, ir
mikroklimats (Tolbert 1979), un, ta ka zinams, ka mikroklimats biezi korelé ar
augu arhitektiru (Hore, Uniyal 2010), tad komplicétakos biotopos bis lielaka
dazadiba dazadu mikroklimatu (Buchholz 2009). Turklat biotopa strukturala
sarezgitiba nodrosina ari lielaku daudzveidibu ar vietam, kuras zirnekli var iz-
mantot atpttai, saulo$anai, baribas meklésanai, paro$anas ritualiem, olu désanai
vai parziemoS$anai, ka ari nodros$ina vairak tiklu piestiprinasanas punktu (tiklu
vérpéjiem) un papildu patvérumu no pléséjiem (Lawton 1983; Halaj et al. 1998).

Zirneklu sugu sabiedribas Apsuciema purva tika aprakstitas ari, izmantojot
redundances analizi (RDA). RDA paradija, ka zirneklu sabiedribam ir tendence
sakartoties ordinacijas telpa atbilstosi biotopa tipam. Gan virsaugsnes, gan za-
laugu stava zirneklu sabiedribu struktaras diferenciaciju noteica galvenokart
augu daudzveidibas gradients - zirneklu sugu sastavs bija loti atskirigs starp
purva vietam ar zemu augu sugu daudzveidibu un vietam ar augstu augu daudz-
veidibu. Tas apstiprina daudzu citu autoru secinajumus, kuri ari ir atklajusi, ka
vegetacijas veidam ir liela ietekme uz zirneklu sugu sastavu, dazadam augu sa-
biedribam uzturot dazadas zirneklu sabiedribas (Buchholz 2010; Torma et al.
2014). Tadéjadi Sie rezultati liecina, ka ir Joti svarigi saglabat dazadus biotopu
tipus konkrétaja biotopa, lai palielinatu zirneklu biologisko daudzveidibu.

5.4. Vegetacijas augstuma ietekme uz zirnekliem
(Raksti Il, 11I)

Loti svarigs faktors, kas noteica zalaugu stava mitoSo zirneklu sabiedribu
struktaru, bija vegetacijas augstums. Tas varétu but saistits ar zirneklu sugu atski-
rigo biologiju, jo dazadam sugam ir nepiecie$ams dazads vegetacijas augstums.
Pieméram, daudzi no musu ievaktajiem zalaugu stava zirnekliem (pieméram,
Evarcha arcuata, Oxyopes ramosus, Pachygnatha clercki, Sibianor aurocinctus)
parasti ir saistiti ar zemu vegetaciju (Locket, Millidge 1951, 1953; Roberts 1996;
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Harvey et al. 2002a,b), savukart, pieméram, Araneus diadematus, kurs vérpj lie-
lus tiklus, nepiecieSsama augsta vegetacija (Harvey et al. 2002b).

Tikmér rezultati paradija, ka zirneklu sugu bagatiba un daudzveidiba ne-
gativi koreléja ar vegetacijas augstumu. Sie rezultati acimredzami nesaskan ar
citu autoru pétijumiem, kuri parada, ka zirneklu sugu skaits, ka ari zirneklu
daudzveidiba parasti palielinas lidz ar vegetacijas augstumu, jo augstaka vegeta-
cija parasti ir vertikali strukturétaka (pieméram, Dennis et al. 2001; Harris et al.
2003; Horvath et al. 2009). Domajams, ka viens no §is nesakritibas iemesliem
varétu but saistits ar pétito purvu biotopu strukturalajam iezimém - korelacijas
analize paradija, ka tas purva vietas, kas bija saistitas ar augstaku vegetaciju, bija
saistitas arl ar lielaku parastas niedres Phragmites australis projektivo segumu.
Datu analize paradija, ka §i augu suga negativi ietekméja zirneklus. P. australis
ir tipiska ekspansiva augu suga, kas izplatas loti strauji un veido monodomi-
nantas audzes, tadéjadi vienkar$ojot biotopa struktaru (Aunin$ et al. 2013). Ta
rezultata, arhitektoniskas daudzveidibas trikuma dél, zirneklu sugu bagatiba
un daudzveidiba ari var bat zema. Turklat P australis rada ari noénojumu un
lidz ar to var samazinaties fotofilo zirneklu sugu (pieméram, Pirata uliginosus,
Bathyphantes parvulus) ipatsvars (Stambuk, Erben 2002). Ari Buchholz un
Schroder (2013) sava pétijuma atklaja, ka P. australis audzés zirneklu sabiedribas
ir mazak daudzveidigas neka citos biotopu tipos. Vini $os rezultatus izskaidroja
ar to, ka viendabigajas niedru audzés ir mazaks pieejamo ni$u skaits, vai ari - ka
tas var bat saistits ar islaicigo applasanu, kas bija loti izplatita niedru audzés. P
australis audzém varétu bat liela nozime tikai ziemas perioda, jo ir atklats, ka
niedru audzes ir loti svarigas zirneklu ziemo$anas vietas (Pithringer 1979).

5.5. Purva arahnofaunas raksturigas iezimes (Raksts V)

Peétito kalkaino zalu purvu arahnofauna sastavéja no plasa spektra dazadu
zirneklu ekologisko grupu. Lielaka dala purvos ievakto zirneklu sugu bija hig-
rofilas vai fotofilas, vai higrofilas-fotofilas. So grupu dominésana pétitajos bioto-
pos ir diezgan logiska, jo visi pétitie purvi bija mitras, atklatas purvu teritorijas.
Tomér purva arahnofauna sastavéja arl no dazadam citam zirneklu ekologis-
kajam grupam, tostarp pat tadam grupam, kuras parasti neapdzivo mitru un
kalkainu vidi, t.i.,, kserofilas un sfagnofilas sugas. Iemesls $adu sugu sastopami-
bai kalkainajos zalu purvos varétu bat saistits ar to, ka zalu purvi ietver daudz
plasaku mikrobiotopu klastu neka citi purvu tipi. Zalu purva virsmai bieZi ir
mainigs mikroreljefs, kas sastav no pauguriem, ieplakam un baseiniem, un, ta
ka pauguru virsotnes ir daudz sausakas neka to apakséja dala, tas var kalpot ka
pieméroti biotopi kserofilajam sugam. Ari citi pétnieki ir novérojusi, ka sausumu
milosas zirneklu sugas dazkart var atrast uz paaugstinatam, sausam vegetacijas
audzém mitras un purvainas vietas (Roberts 1996; Cattin et al. 2003). Tapat ari
sfagnofilo zirneklu sugu klatbutne pétitajos purvos varétu but skaidrojama ar
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pauguru pieejamibu. Parasti $ajos purva pauguros dominé skabu vidi milosas
augu sugas (ipasi Sphagnum sunas), kas ir izvirzitas virs Gdens limena un ta-
déjadi ir aizsargatas no kalkaina gruntsiidens ietekmes (Rydin, Jeglum 2006).
Lidz ar to sfagnofilas zirneklu sugas, kas parasti dzivo skaba vidé, ipasi sanu
purvos, un ir saistitas ar Sphagnum stnu klatbttni (pieméram, Gnaphosa niger-
rima, Pardosa sphagnicola, Pirata piscatorius), var bit sastopamas ari kalkainajos
zalu purvos, jo Sphagnum sinu pauguri var kalpot tam ka atseviski, diskréti
mikrobiotopi. To apstiprina ari vairaki citi pétnieki, kuri ir atklajusi, ka zirnekli
var uzturéties pat loti mazos mikrobiotopos (Foelix 2011; Cobbold, MacMahon
2012).

Saja pétijuma tika atklatas ari vairikas jaunas zirneklu sugas Latvijas
faunai. Jaunu sugu atklagana galvenokart skaidrojama ar nepietiekamiem pé-
tjumiem kalkainajos zalu purvos, tapéc Sie biotopi batu pétami arl turpmak.
Turpmakajos pétijumos butu lietderigi izmantot dazadas citas zirneklu ievak-
$anas metodes (pieméram, vaks$anu ar rokam, nokratisanu no kokiem, sijasanu,
paraugu nemsanu ar sikSanas metodi utt.), lai pieklatu péc iespéjas vairakiem
mikrobiotopiem.

5.6. Zirneklu telpiskas izplatibas struktira
ApSuciema zalu purva (Paper V)

Saja pétijuma tiek piedavata jauna pieeja zirneklu izplatibas kartésanai pur-
vos. Sai pieejai ir nepiecieSama divu veidu datu kombinacija - in-situ dati un
talizpétes dati, kurus apvienojot kopa, var precizak kartét sugu izplatibu. Lai
izmantotu $o pieeju, ir nepiecieSamas zinasanas par talizpéti, GIS un masinma-
cidanos. Sis jaunas pieejas galvenais produkts ir sugu izplatibas karte, kas parada
pétamajai sugai piemérotakas vietas purva teritorija.

Zirneklu sugu izplatibas kartésana tika veikta viena konkréta biotopa -
Aps$uciema zalu purva - robezas, un zirneklu sugam tika sagatavotas telpiskas
izplatibas kartes. Pétot sagatavotas sugu izplatibas kartes, tika secinats, ka dazas
zirneklu sugas bija vairak vai mazak vienmeérigi izplatitas visa purva teritorija
un lidz ar to uzskatamas par biotopu generalistiem, savukart dazas citas sugas
tika konstatétas vairak lokali un lidz ar to uzskatamas par biotopu specialis-
tiem. Turklat $kiet, ka dazos gadijumos dazu sugu izplatibas modelus var but
veidojusi izvairi$anas no starpsugu konkurences. Piemeéram, analizéjot So divu
zirneklu sugu - Pirata hygrophilus un Zora spinimana - izplatibu, secinams, ka
to izplatiba purva neparklajas (8d, f attéls). Skiet, ka $o zirneklu sugu specifis-
kais telpiskais sadalijums ir pielagos$anas starpsugu konkurencei, t.i., stratégija,
kuras mérkis ir izvairities no $adas konkurences (Foelix 2011). Sada veida sis
sugas var veiksmigi izvairities arl no savstarpéjas plésonibas. Kopuma sagatavo-
tas izplatibas kartes $kiet noderigas, lai pétitu vai nu atseviskas zirneklu sugas
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(pieméram, populacijas izplatibas modelus), vai visu zirneklu sabiedribu kon-
krétaja teritorija.

Lai kartétu zirneklu sugu izplatibu purva, bija svarigi vispirms kartét ve-
getacijas izplatibu purva teritorija. Kopuma precizitates novértéjums uzradija
daudzsolosus rezultatus augstas iz$kirtspéjas ortofoto izmanto$ana heterogénas
purva vegetacijas kartésanai ar Random Forest algoritmu. Kopéja klasifikacijas
precizitate sasniedza gandriz 97%, kas norada, ka kopuma 97 procenti no attéla
pikseliem tika klasificéti pareizi. Ari Kapa koeficients bija loti augsts — 0,95, kas
norada, ka ieguta klasifikacija ir par 95% labaka neka nejauss rezultats, un tas
nozimé loti labu Kklasifikacijas veiktspéju. Tomeér taja pasa laika individualas
precizitates bija diezgan mainigas. Tika secinats, ka klasifikacijas precizitate da-
zadas purva dalas atskiras, un ta bija loti atkariga no vegetacijas tipa. Loti augsts
precizitates limenis tika ieglits homogénakas purva dalas, t.i., tajos vegetacijas ti-
pos, kas sastavéja vai nu no vienas augu sugas (vegetacijas tips Nr.1), vai ari tajas
bija ne vairak ka divas dominéjosas augu sugas (vegetacijas tips Nr.4). Savukart
ne tik labi rezultati tika iegtti heterogénakas purvu teritorijas — tur, kur atradas
vegetacijas tipi Nr.2 un Nr.3. Sie divi vegetacijas tipi bija floristiski daudzveidigi
(sastavéja no dazadu augu sugu kopuma) un tiem bija diezgan lidzigs floristis-
kais sastavs, tapéc tos bija diezgan gruti atdalit vienu no otra. Tomér, neskatoties
uz to, ka $1 pikselu sajauk$anas pazeminaja abu klasu precizitati, rezultati jop-
rojam bija loti labi, jo Razotaja un Lietotaja precizitate parsvara parsniedza 85%
(iznemot vegetacijas tipam Nr.3).

Atsevisku zirneklu un citu posmkaju sugu izplatibas kartésana ir svarigs
instruments dabas aizsardziba (Samways et al. 2010). Saja pétijuma izstradata
metode piedava jaunu pieeju zirneklu sugu telpiskas izplatibas kartésanai, un tai
ir nepiecie$ami gan lauka dati, gan talizpété iegita informacija. Rezultati uzra-
dija loti augstu klasifikacijas precizitati (gandriz 97%), vislabakos klasifikacijas
rezultatus iegtistot ar floristiski nabadzigakiem vegetacijas tipiem. Kopuma $aja
pétijuma iegttos labos klasifikacijas rezultatus var izskaidrot ar cetriem galve-
najiem iemesliem: (1) apmacibas datu kvalitate ir augsta un paraugu lielums ir
atbilsto$s; (2) izmantotais algoritms labi strada konkrétaja teritorija; (3) aerofoto
telpiska izskirtspéja ir pietiekama; un (4) apmacibu klases ir spektrali atdalamas
(Lillesand et al., 2015).

Sobrid i izstradata metode ir aprobéta purva biotopa, kur ta darbojas labi,
tacu potenciali ta varétu but pielietojama ari citos sauszemes biotopos Latvija.
Tomeér jaatzimé, ka, ta ka 1 ir jauna pieeja, ko citi arahnologi vél nav izmanto-
jusi, ta batu vél vairak japarbauda, pirms tiktu apsvérts metodes plasaks pielie-
tojums. Bet kopuma §i pétijuma rezultati ir diezgan daudzsolosi, nemot veéra, ka
rezultatu precizitate bija Joti augsta.
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6. SECINAJUMI

Kopa visos tris pétijuma gados tika ievakti 8967 zirneklu individi, kas piede-
réja pie 21 dzimtas un 149 sugam. Domingjosas zirneklu sugas virsaugsnes
stava bija Antistea elegans, Bathyphantes parvulus, Pardosa prativaga, Pirata
tenuitarsis, Pirata uliginosus, Piratula hygrophilus, Piratula knorri, Piratula
latitans, Trochosa terricola un Zora spinimana, savukart dominéjosas sugas
zalaugu stava bija Dolomedes fimbriatus, Evarcha arcuata un Tibellus mari-
timus.

Katrs biotopa stavs bija taksonomiski Joti atskirigs — starp virsaugsnes stavu
un zalaugu stavu bija maz lidzibas zirneklu sugu un pat dzimtu sastava.
Virsaugsnes stavam un zalaugu stavam kopigas bija tikai 14 no 149 sugam.
Acimredzot lielaka dala zirneklu sugu un dzimtu ir labi pielagojusas kon-
krétam biotopa stavam.

Zirneklu funkcionalo grupu proporcijas abos biotopa stavos bija diezgan
lidzigas. Abos stavos dominéjosa péc individu skaita bija slépni sédoso
zirneklu funkcionala grupa, savukart tiklu vérpéji dominéja abos stavos péc
sugu skaita.

Kalkaino zalu purvu arahnofaunai bija raksturigs augsts higrofilo sugu
ipatsvars — $ai grupai piederéja vairak neka puse no visam zirneklu sugam.
Fotofilas sugas bija otra lielaka grupa pétitajos purvos — 34% no visam
zirneklu sugam tika klasificétas ka fotofilas. Pétijumu laika purvos tika kon-
statétas arl astonas jaunas zirneklu sugas Latvijas arahnofaunai.

Svarigs zirneklu sugu bagatibas un daudzveidibas noteicéjs pétitajos purvos
bija augu daudzveidiba. Rezultati liecindja, ka strukturali daudzveidigaka
vegetacija atrodams lielaks zirneklu sugu skaits, ko varétu izskaidrot ar
lielaku pieejamo nisu daudzveidibu sarezgitaka vegetacija.

Vegetacijas augstums bija faktors, kas negativi ietekméja zirneklu daudz-
veidibu, kas, iespé&jams, ir saistits ar pétito purvu biotopu strukturala-
jam iezImém, jo augstaka vegetacija pozitivi koreléja ar parastas niedres
Phragmites australis klatbitni. Si augu suga veido loti viendabigas audzes
un tadéjadi vienkarso biotopa struktiru.

Zirneklu sabiedribam ir tendence purva izvietoties atkariba no biotopa
veida, un $o izvietojumu galvenokart nosaka augu daudzveidibas gradients -
zirneklu sastavs bija loti atskirigs starp purva dalam ar augstu augu daudz-
veidibu un dalam ar zemu daudzveidibu. Tadéjadi Sie rezultati parada, cik
svarigi ir saglabat biotopa mozaikveida struktiiru, jo dazadi vegetacijas tipi
var nodrosinat dzivotni loti dazadam zirneklu sabiedribam.
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Saja pétijuma izstradata zirneklu izplatibas kartésanas metode $kietami labi
darbojas purva biotopos. Secinams, ka izvélétas aerofotografijas telpiska
izskirtspéja (25 cm), ka ari spektrala izskirtspéja (4 joslas) ir pietiekama,
ka arl izvélétais masinmaci$anas algoritms (Random Forest) ir piemérots
zirneklu biotopu (t.i., vegetacijas tipu) identifikacijai purva, jo rezultati
uzradija Joti augstu klasifikacijas precizitati — gandriz 97%.

Zirneklu izplatibas kartes paradija, ka kopuma zirnekliem pétitaja purva —
ApSuciema - ir iz§kirami pieci dazadi telpiskas izplatibas veidi. Atseviskas
zirneklu sugas bija vairak vai mazak vienmeérigi izplatitas visa purva terito-
rija, savukart citas sugas tika konstatétas vairak lokali.
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ANNOTATION

Calcareous fens are considered to be among the most threatened ecosystems
of Europe. At the same time, they are also one of the most diverse habitats,
as they support an incredibly rich and diverse range of plant and animal
species. However, in spite of their diversity, calcareous fens are still very poorly
investigated, especially when speaking about fen invertebrates, including spiders.
Since spiders are good bioindicators, it is worth to study their ecology in rare
and threatened habitats.

The aim of the present study was to investigate the spider fauna and
ecology, including spider species composition, diversity, spatial distribution and
the factors that influence spiders in the calcareous fens of Latvia. The field study
was carried out in the summer months of 2010, 2011 and 2012 at eight different
calcareous fens of Latvia. The spider collection was performed by using pitfall
trapping and/or sweep-netting.

The material analyzed comprised 8,967 adult spider individuals representing
21 families and 149 species. The results of our study indicated that spider species
and families tend to be stratified across the vertical structure of the habitat —
the spider composition in the ground stratum was very different from the one of
the grass stratum. On the contrary, however, the spider foraging guild structure
between the ground-layer and the grass-layer was rather similar - each of
the two studied strata presented similar guilds in quite similar proportions. Also,
our results showed that the vast majority of the abundant spider species that
inhabit the calcareous fens are hygrophilous and/or photophilous. Furthermore,
it was shown that the spider composition differed considerably between
different fens and different fen parts, much of this variability being explained by
the architectural properties of the habitat — a more diverse vegetation generally
supported a higher number of spider species.

In the present study the author also demonstrates a novel and multi-
disciplinary approach of mapping spider distribution in fen habitats, by
using the remote sensing, GIS and machine learning techniques. The results
seemed to be promising showing that it is possible to classify spider habitats
(i.e., vegetation types) using a very high spatial resolution airborne imagery and
machine learning algorithm Random Forest. Overall, this new approach could
be potentially useful in the nature protection in Latvia since it might be applied
in endangered spider and other arthropod species distribution monitoring.

Keywords: calcareous fens; spider fauna; spider ecology; spider diversity; grou-
nd-dwelling spiders; grass-dwelling spiders; spider vertical stratification; spider
ecological groups; spider foraging guilds; vegetation structure; remote sensing;
GIS; machine learning



1.

TABLE OF CONTENTS

INTRODUCTION . ... et 50
1.1. Importance of the research ............... .. ... ... ... 50
1.2. Scientific novelty of the research ........................... 50
13. Aimandtasks .......... .. . i 50
1.4. Thesestobedefended ............ ... ... ... ... 51
1.5. Approbation of the results .......... ... ... .. ... ... 51

Participation in local conferences .......................... 51

Participation in international conferences .................. 52

List of publications .............c.oiiiiiiiiiiiiiiii.. 53
1.6. Structure of the thesis .......... ... ... ... .. .. il 53
THEORETICAL BASIS OF THE THESIS ................. .. ... 55
2.1. Calcareous fen habitats ............. ... ... .. il 55
2.2, Spider ecology ........... i 56
2.3. Spider distribution and remote sensing ..................... 57
MATERIALS AND METHODS ... ... ... o i i 59
3.1. Study sites (Papers L, IL IIL IV, V) ... ..o, 59
3.2. Vegetation sampling (Papers I, IL, IIL IV, V) ................ 59
3.3. Spider sampling (Papers I, IL, IIL IV, V) .................... 60
3.4. Spider identification (Papers I, IL, IIL, IV, V) ................. 60
3.5. Field data analysis (Papers L IL IIT) .................oooo.n. 61
3.6. Literature analysis (Paper IV) ........ .. ..., 62
3.7. Remotely-sensed data analysis (Paper V) .................... 62
RESULTS .. 66
4.1. Ground-dwelling spider diversity in calcareous fens

(Paper I) ..o 66
4.2. Grass-dwelling spider diversity in calcareous fens

(Paper II) ..o 66
4.3. Diversity and vertical stratification of spiders

in the Ap$uciems fen (Paper III) ........... ... ...cooein... 67

4.4. Ecological relationships between spiders
and vegetation (Papers L IL III) ...t 70



4.5. An overview of the calcareous fen arachnofauna

(Paper IV) oo 72
4.6. Spider spatial distribution in the ApSuciems fen
(Paper V) .o 74
5. DISCUSSION .. ... 79
5.1. Ground- and grass-dwelling spider diversity
in calcareous fens (Papers I, IL IIT) ...........oviiino.... 79
5.2. Vertical stratification of spiders in the Apsuciems fen
(Paper III) ..ottt e 80
5.3. The influence of habitat complexity on spiders
(Papers I, IL III) o .oonuei e 82
5.4. The influence of vegetation height on spiders
(Papers IL ITI) oot 82
5.5. Characteristic features of the fen arachnofauna
(Paper IV) .o 83
5.6. Spider spatial distribution patterns in the ApSuciems fen
(Paper V) .ot 84
6. CONCLUSIONS ... s 87
ACKNOWLEDGEMENTS ... 89

REFERENCES ... . 90



1. INTRODUCTION

1.1. Importance of the research

To this date, the spider fauna and ecology have been very poorly investigated
in fen ecosystems, especially the calcareous ones. Besides, such studies are lacking
not only in Latvia, but also in many other countries of the temperate zone of
the Northern Hemisphere. Since calcareous fens are becoming increasingly rare
in Europe, it is important to obtain as much data on fen-inhabiting species
as possible.

Spiders are supposed to be excellent indicator organisms, and therefore they
are thought to be very good tools for assessing the quality and conservation
value of the particular habitat. This is especially important in the case of rare
and endangered habitats, and calcareous fens are one of those habitats - they
are very unique, very sensitive and very rare habitats in most of the countries
in the European Union.

1.2. Scientific novelty of the research

In the present study we offer a new approach of mapping spider distribution
within the boundaries of one particular calcareous fen habitat. In this approach
we use the multivariate statistical methods which are extensively used by
ecologists to examine patterns and structure in ecological communities (i.e.,
in-situ sampling, cluster analysis etc.) and we couple them with the geospatial
technologies (i.e., remote sensing and geographic information system (GIS))
and the artificial intelligence techniques (i.e., machine learning) which are used
by ecologists relatively rarely. Our developed approach requires a combination
of two types of data — the in-situ data and the remote-sensing data, which, when
combined together, can help to map the distribution of species more precisely.
No study has yet, to the best of our knowledge, used such method to map spider
(or any other arthropod) species distribution in any terrestrial habitat.

1.3. Aim and tasks

The main aim of the research was to document the species composition and
diversity of ground-dwelling and grass-dwelling spiders in the calcareous fens of
Latvia and to evaluate the potential influence of vegetation structure on spider
diversity and community organization in the studied fens. The main tasks of
the research were:

1. to document the spider fauna and diversity of the ground- and grass-dwell-
ing spiders in the calcareous fens of Latvia;
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to analyse the spider dominance structure at the family and species levels,
as well as by foraging guilds in the studied fens;

to evaluate the influence of vegetation structure on spider diversity and
community organization in the studied fens;

to map the spatial distribution of spider species within the Ap$uciems fen.

1.4. Theses to be defended

The spider species composition and dominance structure differ between
different fens, as well as within the boundaries of the same fen.

The spider species composition differs between the ground stratum and
the grass stratum of the fen habitats.

The spider abundance and diversity are positively influenced by the plant
species richness and diversity in the calcareous fens.

1.5. Approbation of the results

The results of the study were presented in four local and 13 international

conferences. The results of the thesis are described in five scientific publications,
four of which have been peer-reviewed and published in journals that are
indexed in the Scopus and Web of Science databases.

Participation in local conferences

Stokmane M., Spungis V., Cera I. (2013) Ecology of grass-dwelling
spiders (Araneae) in the calcareous fens of the Coastal Lowlands, Latvia. -
The 71* Scientific Conference of the University of Latvia, February 1, 2013,
Kronvalda Boulevard 4, Riga, Latvia.

Stokmane M., Spungis V. (2014) Comparison of ecological requirements
of ground-dwelling and grass-dwelling spiders in the ApSuciems fen. —
The 72" Scientific Conference of the University of Latvia, January 31, 2014,
Kronvalda Boulevard 4, Riga, Latvia.

Stokmane M., Spungis V., Cera 1. (2016) An overview of the fen arachno-
fauna: the species composition, dominance structure and vertical stratifica-
tion of spiders between the ground- and the grass-layer. — The 74" Scientific
Conference of the University of Latvia, February 4, 2016, Jelgavas street 1,
Riga, Latvia.

Stokmane M., Spungis V., Ziemelis A. (2024) Spatial distribution modelling
of spiders within mire habitats in Latvia by using the remote sensing and
machine learning methods: a brand new approach. — The 82" International
Scientific Conference of the University of Latvia, January 31, 2024, Jelgavas
street 1, Riga, Latvia.
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11.

Participation in international conferences

. Stokmane M. (2012) Spider (Arachnida: Araneae) species richness, com-

munity structure and ecological factors influencing spider diversity in
the calcareous fens of Latvia. — The 54™ International Scientific Conference
of Daugavpils University, April 18-20, 2012, Vienibas street 13, Daugavpils,
Latvia.

Stokmane M., Spungis V., Cera I. (2013) The effect of different biotic factors
on ground-dwelling spiders (Araneae) in the calcareous fen Ap$uciems. —
The 55" International Scientific Conference of Daugavpils University,
April 10-12, 2013, Vienibas street 13, Daugavpils, Latvia.

Stokmane M., Spungis V. (2014) The epigeic spider fauna of the Apsuciems
calcareous fen. — The 56™ International Scientific Conference of Daugavpils
University, April 9-11, 2014, Parades street 1, Daugavpils, Latvia.
Stokmane M. (2014) Species richness and community structure of spiders
(Araneae) in the calcareous fens of the Coastal Lowland of Latvia. -
Arachnological seminar on evaluation of threatened species in Northern
Europe, November 14, 2014, Henrikinkatu 2, Turku, Finland.

Stokmane M., Spungis V. (2015) Faunistic and ecological features of
the spider communities (Arachnida: Araneae) of the calcareous fens
of Latvia. — The 57" International Scientific Conference of Daugavpils
University, April 16-17, 2015, Parades street 1A, Daugavpils, Latvia.

Cera I, Stokmane M. (2015) Check list of mire spiders of Latvia. —
The 29" European Congress of Arachnology, August 24-28, 2015, Brno,
Czech Republic.

Stokmane M. (2016) Spatial distribution patterns of spiders within
the ApSuciems calcareous fen - the role of vegetation. - The 58" International
Scientific Conference of Daugavpils University, April 14-15, 2016, Parades
street 1A, Daugavpils, Latvia.

Stokmane M. (2017) Diversity of spider ecological groups within the calca-
reous fens of Latvia. — 9" International Conference on Biodiversity Research,
April 26-28, 2017, Parades street 1A, Daugavpils, Latvia.

Stokmane M. (2018) The spatial distribution of epigeic spiders and
other ground-dwelling arthropods within the ApSuciems calcareous
fen: a response to vegetation heterogeneity. - 31*" European Congress of
Arachnology, July 8-13, 2018, Konstantin Square 1-5, Vac, Hungary.
Stokmane M., Ziemelis A. (2020) Predictive spider species distribution
modelling within the Ap$uciems mire habitat, Latvia. - The 62" International
Scientific Conference of Daugavpils University, May 28-29, 2020, Parades
street 1A, Daugavpils, Latvia.

Stokmane M., Ziemelis A. (2021) The spatial modelling of distribu-
tion patterns and ecological relationships of the ground-dwelling and
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grass-dwelling spiders and other invertebrates within the Ap$uciems
mire of Latvia. — 13™ International Scientific and Practical Conference
“Environmental. Technologies. Resources”, June 17-18, 2021, Rezekne
Academy of Technologies, Rezekne, Latvia.

12. Stokmane M. (2023) Spatial distribution modelling of insects and spiders
within mire habitats in Latvia by using the remote sensing and machine
learning techniques: a brand new approach. — 4" International Conference
on Community Ecology, September 20-22, 2023, Via Beirut 2, Trieste, Italy.

13. Stokmane M., Spungis V., (2024) Insect and spider distribution model-
ling by using remote sensing and machine learning methods: A case
study in ApSuciems mire, Latvia. — First Annual FORTHEM conference:
FORTHEM - For the Future, March 6-8, 2024, Online.

List of publications

I Stokmane M., Spungis V., Cera I. (2013) Spider (Arachnida: Araneae)
species richness, community structure and ecological factors influencing
spider diversity in the calcareous fens of Latvia. — Proceedings of the 54
International Scientific Conference of Daugavpils University: 45-55.

I Stokmane M., Spungis V. (2014) Diversity of grass-dwelling spiders
(Arachnida: Araneae) in calcareous fens of the Coastal Lowland, Latvia. —
Journal of Insect Conservation, 18: 757-769. [Scopus and Web of Science]

IIT Stokmane M., Spungis V. (2016) The influence of vegetation struc-
ture on spider species richness, diversity and community organiza-
tion in the ApSuciems calcareous fen, Latvia. — Animal Biodiversity and
Conservation, 39: 221-236. [Scopus and Web of Science]

IV Stokmane M., Cera 1. (2018) Revision of the calcareous fen arachnofauna:
habitat affinities of the fen-inhabiting spiders. - ZooKeys, 802: 67-108.
[Scopus and Web of Science]

V Stokmane M., Spungis V., Ziemelis A. (2024) Remote sensing supports spa-
tially explicit mapping of arthropod distributions in a heterogeneous mire
habitat: A case study of the Ap$uciems mire, Latvia. - Community Ecology,
25: 417-440. [Scopus and Web of Science]

1.6. Structure of the thesis

The thesis consists of a thematically united collection of publications.
The main results of the study are presented in five scientific papers (further
referred as Papers I-V). A very brief overview of the content of all the published
articles is given in Table 1. The thesis contains 5 main sections: A literature
review (i.e., the theoretical basis of the thesis), Methods, Results, Discussion,
and Conclusions. The thesis consists of 39 pages and is supplemented with
5 tables and 8 figures.
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Table 1. A brief overview of the content of each published paper.

The number

Paper . Spider group(s) The main aim Methods used in
Ne of sftel::led studied of the study the study
To study the ground-
dwelling spider diversity |« Calculation of
Ground- in the calcareous fens of |  diversity indices;
I 5 dwelling Latvia and to determine Correlation analysis;
(or epigeic) how the plant species Cluster analysis;
spiders diversity and the soil DCA ordination
pH affect this group of analysis.
spiders
To study the grass-
dwelling spider diversity |« Calculation of
Grass-dwelling in the calcareous fens of |  diversity indices;
1I 8 spiders Latvia and to determine Correlation analysis;
how the vegetation DCA ordination
influences this group of | analysis.
spiders
To study the spider
thil‘:;;:z’i:rlns Calculation of
Ground- and diversity indices;
. calcareous fen and to . .
111 1 grass-dwelling compare the spider Regression analysis;
spiders pa paer. RDA ordination
community structure in analysis.
the ground layer and in
the grass layer
To summarize Detailed analysis of
the information about scientiﬁ ¢ 1 iterature;
the spider fauna of Com'p 1la't 10nfof
Ground- and the calcareous fens of sple cies st 1?
v 8 grass-dwelling Latvia and to analyse ca.(ciaref)us en
spiders which spider species and peers
ecological groups are .Sp ider d11v1§10r11
the most typical for this into ecologica .
type of habitat groups a'nd their
description.
Cluster analysis;
Indicator Species
To map the spatial ASAAnalys%s (éndVal);
Ground- and distribution of spiders clua E:iri;’clzion of
v 1 grass-dwelling | in the Apsuciems fen

spiders

and to prepare spider
distribution maps

airborne image;
Interpolation
method;

Spider distribution
map preparation.
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2. THEORETICAL BASIS OF THE THESIS

2.1. Calcareous fen habitats

Three peatland types, namely raised bogs, transition mires and fens, are
distinguished on the basis of the source of water (Malawska et al. 2006; Bambe
et al. 2008). Fens are minerotrophic peatlands which receive water and nutrients
from groundwater and/or surface runoft (Pakalne, Kalnina 2005). All fens can
be divided into three main groups: (1) poor fens (pH = 4-5.5; Ca concentration
< 10 mg L™); (2) rich fens (pH = 5.5-7; Ca concentration 10-20 mg L™); and
(3) extremely rich fens (pH = 7-8.5; Ca concentration > 20 mg L) (Martini
et al. 2006; Rydin, Jeglum 2006). Calcareous fens are extremely rich habitats
which support a number of plant and animal species that are specially adapted
to conditions of high pH and high calcium concentration - so-called “calcicoles”
or calcium-loving species (Rydin, Jeglum 2006). Calcareous fens are considered
to be among the most sensitive groundwater dependent habitats of the temperate
zone (Johansen et al. 2011).

Calcareous fens are habitats with an outstanding conservation value because
they support an incredibly rich and diverse range of plants and animals,
including many endangered species (Schmidt et al. 2008; McBride et al. 2011).
Besides, in calcareous fens we can find species that occur almost exclusively in
this habitat type and cannot live elsewhere, for example, if we consider plants,
we can mention the brown bog-rush Schoenus ferrugineus, the Davall’s sedge
Carex davalliana, the fly orchid Ophrys insectifera, the blunt-flowered rush
Juncus subnodulosus and others (Bambe et al. 2008; Aunins et al. 2013).

Fen ecosystems were previously common in temperate Europe (Van
Diggelen et al. 2006). Nowadays, however, they are very rare because during
the past few centuries they have suffered a strong decline in number and size
due to anthropogenic pressure — many fens have been selectively drained and
changed into low-productive grasslands (Sefferova et al. 2008). Moreover, large-
scale impacts such as eutrophication, acidification, habitat fragmentation and
climate change have resulted in the degradation of many fens (Saunders et al.
1991; Chapman et al. 2003). As a result, calcareous fens have become very rare
in most of the countries in the European Union (Racinska 2002; Aunins$ et al.
2013) and many organisms living in these habitats are nowadays considered
threatened (Koponen 2003).

Because of their rarity, calcareous fens have a high conservation priority
in the European Union - they belong to natural habitat types of community

55



interest listed in Annex I of the EU Habitats Directive (EC 1992). Calcareous
fens are one of the rarest habitats also in Latvia — although there are no exact data
available about the actual area of this habitat in the country, the approximate
estimates show that the calcareous fens cover only about 0.01% of the total
territory of Latvia (Aunin$ et al. 2013). The largest calcareous fens are situated
in the western part of Latvia, especially in the coastal lowland (Bambe et al.
2008; Aunins et al. 2013).

2.2. Spider ecology

Spider fauna and ecology of the calcareous fens are very poorly known
because studies on fen inhabiting spiders are almost completely lacking. There
are only very few studies regarding fen spiders in Latvia (Cera et al. 2010) and
its nearest neighboring countries — Estonia (Vilbaste 1980) and Poland (Kajak
et al. 2000). Many more studies have been carried out on bog spiders - there
are several studies from Latvia (Sternbergs 1991; Spungis 2008), as well as from
Estonia (Vilbaste 1980), Lithuania (Relys, Dapkus 2002; Biteniekyté, Relys 2006,
2008), Poland (Kupryjanowicz et al. 1998), Finland (Koponen 2002a,b) and other
countries. Taking into account that there is a great ecological difference between
bogs and fens which is reflected in both species composition and vegetation
structure, it is clear that more studies are needed in fen habitats.

Spiders are found in almost all terrestrial environments except truly polar
(Arctic and Antarctic) regions (Coleman et al. 2004) and they are among
the most dominant insectivores in terrestrial ecosystems (Nyffeler, Benz 1987;
Wise 1995) which inhabit a wide array of spatial and temporal niches (Kremen
et al. 1993; Wise 1995). Also, spiders are one of the most diverse arthropod
orders, with over 52,000 species (Platnick 2024).

Spiders are high-rank consumers of the food chain and among other
carnivorous arthropods (e.g. centipedes and predacious ground beetles) comprise
a major share of the invertebrate predators in most terrestrial ecosystems (Wise
1995). Spiders are playing an important role in the balance of nature because
they occupy a strategic functional position in terrestrial food webs - they act as
regulating agents in terrestrial arthropod communities and are important food
source for higher organisms (Whitcomb 1974; Young, Edwards 1990; Nyffeler
et al. 1994; Wise 1995; Oxbrough et al. 2005).

Spiders have a great potential to be good bioindicators (Pearce, Venier 2006),
which means that by studying them, it is possible to assess the conservation
value of the particular habitat (Churchill 1997; Mas et al. 2009). Overall, there
are many reasons why spiders have been widely recommended as good indicator
organisms: (1) they are widely distributed in high numbers and therefore provide
data that are appropriate for statistical analyses (Foelix 2011); (2) they can be
easily collected using standardised sampling methods (Wise 1995); (3) they are
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taxonomically well known compared to other invertebrate groups, and can be
identified without expensive equipment or techniques (Oxbrough et al. 2005);
and (4) they are good predictors of overall invertebrate biodiversity since they
appear to be linked to herbivore and detrivore food webs (Wise 1995; Willett
2001). Overall, spiders can be used as indicators of habitat quality, anthropogenic
stress, ecological status of biotic communities, concentration of heavy metals in
environment and in other cases (Maelfait, Hendrickx 1998; Buchholz 2010; Cera
et al. 2010).

2.3. Spider distribution and remote sensing

One of the main goals of ecology is to understand the distribution of
species (Andrewartha, Birch 1954). The knowledge of spatial diversity patterns
is important for the development of effective biodiversity conservation strategies
(Lamoreux et al. 2005; Ziesche, Roth 2008). Spiders and other arthropods are
rapidly declining in recent decades, therefore it is important to study their
distribution and seek to conserve them (Gullan, Cranston 2014). However,
in order to design meaningful conservation strategies, consistent and reliable
information on the species distribution is required (Lamoreux et al. 2005). Such
data though are hard to collect through traditional field-based methods because
they are laborious, time-consuming, expensive, and difficult to implement in
inaccessible areas (Rhodes et al. 2015).

Nowadays, very popular method of ecological data collection is the remote
sensing, which can partially replace and/or supplement the ground surveys
(e.g., LaRue et al. 2017; Cavender-Bares et al. 2020). At the moment the great
advantage is that the recent progress in remote sensing technologies has
produced large, high-resolution datasets spanning spatial and temporal extents
that were previously unavailable (Olden et al. 2008). At the same time, however,
the capability of remote sensing techniques to map the distribution of spiders
(and arthropods in general) is rather poorly studied. The current trend of studies
on arthropods shows an emphasis on insects that are considered pests, while
the use of remote sensing in broader aspects of studying arthropod, including
spider, ecology and conservation is still very rare (Rhodes et al. 2022).

In general, there are two main approaches to the remote sensing of
biodiversity — direct and indirect approaches. Direct ecological remote sensing
involves direct observation of individual organisms or animal populations
from airborne or satellite images (Turner et al. 2003). The direct approach has
been successfully used to census a variety of large animals, especially different
mammals (e.g., elephants, zebras, bears etc.) and birds (e.g., penguins, albatrosses,
flamingos etc.). (Lillesand et al. 2015; Fretwell et al. 2017; Xue et al. 2017; LaRue,
Stapleton 2018; Duporge et al. 2020). The direct approach, however, does not
work for spiders, since spiders are normally very small animals and thus their
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recognition in satellite or airborne imagery is practically impossible. Therefore,
in this case we should use the indirect ecological remote sensing which involves
the derivation of environmental parameters from remotely-sensed images
as proxies for ecological phenomena (Turner et al. 2003). It has been shown
that spiders are closely related to vegetation, and thus are restricted to discrete
habitats (Hore, Uniyal 2010). Therefore, the vegetation can be used as a surrogate
for spider species’ distribution. The advantage in this case is that vegetation can
be relatively easily identified remotely - since different plant species respond
differently to light in the electromagnetic spectrum, it is possible to remotely
distinguish between plants of different species (Cavender-Bares 2017). To more
effectively discriminate various plant species, the appropriate spectral bands
(or channels) should be chosen. Near-infrared band has been particularly
recommended for plant species discrimination (Feilhauer et al. 2013). And once
the vegetation is identified in the remotely-sensed data, this information can be
combined with the data of spiders collected in the field (Leyequien et al. 2007).

It is not always easy, however, to put together ecological data and remotely-
sensed data, because the ecological data are usually very complex. The ecological
data, for example, can exhibit unusual distributions (e.g., multimodal), non-
linearity, multiple missing values (i.e., many zeros), multicollinearity, high-
dimensionality, dependence on the observations etc. (Fielding 1999; Crisci
et al. 2012). Because of these reasons, the traditional statistical methods can be
challenged to provide meaningful analyses of such data (Cutler et al. 2007). One
way to solve this problem is to use the machine learning techniques which have
been shown to be very promising in ecological data analysis (Olden et al. 2008;
Duro et al. 2012; Duporge et al. 2020). Machine learning is a sub-discipline of
artificial intelligence that develops dynamic algorithms capable of data-driven
decisions, in contrast to models that follow static programming instructions
(Thessen 2016). Machine learning has generally been shown to provide better
classification performance for remote sensing classification in comparison to
parametric techniques (Maxwell et al. 2018). The advantage of machine learning
methods over the traditional statistical techniques is that they are capable of
performing very well under complex, messy, real-world conditions which
are very typical of real ecological systems (Olden et al. 2008; Thessen 2016;
Humpbhries et al. 2018).
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3. MATERIALS AND METHODS

3.1. Study sites (Papers |, I, 111, 1V, V)

The research was carried out in eight different calcareous fens of the coastal
lowland of western Latvia (Figure 1): (1) Apsuciems fen; (2) fen of the lake Engure;
(3) Platene fen; (4) fen of the lake Kanieris; (5) fen in the marshy depression
(called viga) of Slitere; (6) fen in the meadow complex of Vitini; (7) Kirba fen;
and (8) Je¢i fen. All these fens are located in protected areas which are also
included in the Natura 2000 network of European specially protected nature
territories. Besides, two of the wetlands - lake Engure and lake Kanieris — are
Ramsar sites which means that these are wetlands of international importance,
designated under the Ramsar Convention (Ramsar Convention 1971).
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Figure 1. Map showing the locations of the sampled calcareous fens. All of the studied
fens are located in the coastal lowland at the western part of Latvia.

3.2. Vegetation sampling (Papers |, 11, 11, 1V, V)

In order to characterize the vegetation structure in the studied fens,
a number of sampling plots were established within each fen. The sampling

59



plots in the fens were placed in the way to proportionally represent the diversity
of microhabitats of the particular fen. The vegetation in each sampling plot
was described by using quadrats with an area of 1 m? (Papers I, II) or ~80 m?
(Papers III, V). In these quadrats the total number of vascular plant species
was recorded and the percent cover of each plant species, bryophytes and bare
ground with an accuracy of 5% was visually estimated.

Prior to data analysis, all vegetation cover values were transformed
according to the Braun-Blanquet scale which gives numerical rankings
to a range of percentages: (+) <1% percent cover; (1) 1-5%; (2) 6-25%;
(3) 26-50%; (4) 51-75%; (5) 76-100% (Braun-Blanquet 1964). Vascular plants
were identified to species level when possible, otherwise to genus. Bryophytes
were considered as a group and were not identified to any taxonomic level.
Vascular plant identification followed Pétersone and Brikmane (1980) and
Mossberg and Stenberg (2003). The vegetation height was also recorded in each
fen (Papers II, III) - it was measured as the height of the tallest plant (cm).

3.3. Spider sampling (Papers |, II, 11, IV, V)

Two different collection methods were used in order to sample either
ground-dwelling or grass-dwelling spiders. The ground-dwelling spiders were
collected using pitfall traps which were plastic cups with a diameter of 7.5 cm
and volume 250 mL. Each trap was filled with 100 mL of a solution of 90 mL
of 10% formaline, 10 mL ethylene glycol and a few drops of detergent to reduce
the surface tension of a solution. Traps were placed in the ground with the rim
leveled to the surface. Trapping was done continuously - traps were kept open
from 5% June until 3™ July 2010 (Paper I) and from 27 July until 22" August
2012 (Paper III).

The grass-dwelling spiders were collected using a sweep net with a rim
diameter of 30 cm. One sample consisted of 50 strokes of the sweep net.
The sweep-netting was carried out on 16" and 17* July 2011 (Paper II) and on
26™ and 27" July 2012 (Paper III).

3.4. Spider identification (Papers |, Il, IlI, IV, V)

After collection, spiders were immediately preserved in 70% ethanol for later
examination. In the laboratory all spiders were sorted, counted and identified
using appropriate literature. A binocular microscope at 45x magnification was
used to identify spiders. Wherever possible spiders were identified to species
level; the unidentified specimens were recorded as morphospecies. Since spider
species identifications are based primarily on genitalia, only adult specimens
were identified to species, while most juveniles were identified to family only.
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The identification keys of Locket and Millidge (1953), Roberts (1996)
and Nentwig et al. (2012) were used, and the nomenclature and taxonomy of
spiders are in accordance with the World Spider Catalog version 25.0 (Platnick
2024). All of the collected spider specimens are stored in 70% ethanol, labelled,
and deposited in the Department of Zoology and Animal Ecology, Faculty of
Biology, University of Latvia, Riga.

3.5. Field data analysis (Papers |, II, 111)

The spider dominance structure was analyzed using the Engelmann’s
scale of dominance according to which eudominant species comprise >32% of
the total abundance, while dominant, subdominant, recedent, subrecedent, and
sporadic species comprise 10-32%, 3.2-10%, 1-3.2%, 0.32-1%, and less than
0.32%, respectively (Engelmann 1978).

For quantifying the plant and spider species diversity, different diversity
indices were calculated: species richness (S), Shannon-Wiener diversity index
(H), Simpson diversity index (D) and species evenness (E). Mathematical
formulae for the calculation of the mentioned diversity indices can be found in
Magurran (2004). All diversity indices were calculated using the PC-ORD 5.0
(McCune, Mefford 2006).

In order to determine how many plant communities can be distinguished
within the Ap$uciems fen, the hierarchical cluster analysis was used on
the vegetation data obtained from the 57 sample plots. The cluster analysis
was performed within the statistical environment R (R Core Team 2020). In
the analysis the Euclidean distance and the Ward’s linkage method were used.
The result of the hierarchical clustering procedure was displayed graphically
using a dendrogram. Based on a priori knowledge from fieldwork as well as by
visually inspecting the dendrogram, it was concluded that the fen vegetation
can be optimally divided into four groups (or four different plant communities).
This division of four groups was used further for spatial analyses.

In order to test for relationships between different spider diversity parameters
and different vegetation characteristics, Spearman’s rank correlation analysis
(Papers 1, IT) and simple linear regression analysis was used (Paper III). Before
testing, data were checked for normality of distribution (using Kolmogorov—
Smirnov test) and if necessary log-transformed prior to analyses. These analyses
were conducted with the R software (R Core Team 2020).

The data were also interpreted using an ecological ordination techniques -
a detrended correspondence analysis (DCA) (Papers I, II) and a redundancy
analysis (RDA) (Paper III). These analyses were used in order to detect
patterns in spider community organization in relation to vegetation structure.
DCA was performed using the PC-ORD software (McCune, Mefford 2006)
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but RDA was run by the R (R Core Team 2020) with the VEGAN package
(Oksanen et al. 2009).

3.6. Literature analysis (Paper IV)

In order to find out what kind of spider species inhabit calcareous fens,
a detailed literature survey was carried out and a short description on the habitat
preferences for each of the collected spider species was prepared. The habitat
affinities of the spider species were derived from many different literature
sources, but mainly from Locket and Millidge (1951, 1953), Roberts (1996),
Harvey et al. (2002a,b), Almquist (2005, 2006), Matveinen-Huju et al. (2006),
Oxbrough et al. (2006), Nentwig et al. (2012) and Arachnologische Gesellschaft
(2018). Based on the literature analysis, all the collected spider species were
sorted into a number of ecological groups. These groups were distinguished
mainly by taking into account the spider requirements for moisture and light,
since these two abiotic factors are among the most important determinants
characterizing the habitats of spiders (Entling et al. 2007). When taking into
account the moisture preferences, the species were classified as either being
hygrophilous (water-loving) or xerophilous (drought-loving), but when taking
into account the light preferences, the species were classified as either being
photophilous (sun-loving) or sciophilous (shade-loving). Species with a wide
ecological amplitude (i.e., found in many different habitat types) were classified
as being habitat generalists. Also, I compiled the full species list of all the spiders
that were collected in all three years of investigation. This list is presented in
the Appendix 1 of Paper IV.

In addition, I have summarized the information whether the detected
spider species have been found within other European mires. I have chosen to
include in the summary those mire studies in which the full spider species list
has been published. Thus, I included the following studies: Cera et al. (2010)
(calcareous fens of Latvia), Sternbergs (1991) (Bazi bog of Latvia), Kajak et al.
(2000) (fens of Poland), Kupryjanowicz et al. (1998) (bogs of Poland), Vilbaste
(1980) (fens and bogs of Estonia), Koponen (2002a,b) (bogs of Northern Europe,
including Sweden, Finland and northern Norway), Relys and Dapkus (2002)
(bogs of Lithuania), and Relys et al. (2002) (bogs of Lithuania and Finland).
This information is available as the presence-absence data in the Appendix 2 of
Paper IV.

3.7. Remotely-sensed data analysis (Paper V)

The remote sensing analysis was performed only in the Ap$uciem fen.
All operations related with remotely-sensed data analysis were performed in
the Quantum GIS (QGIS) which is a free, open-source GIS software package
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created by the QGIS Development Team in 2002 (Flenniken et al. 2020). In
order to perform remote classification of vegetation types within the ApSuciems
mire, high-resolution remote sensing imagery data — infrared orthophoto
of the study area — was used. The orthophoto was obtained from LVM GEO
via the standard geospatial service - WMS/WMTS. The obtained image was
acquired by the Latvian Geospatial Information Agency (LGIA) on 11" May
2016. The flying altitude of the aircraft was approximately 4,000 m above ground.
The image had a very high spatial resolution - 0.25 m, and it was acquired by
a digital large format aerial camera — Vexcel UltraCam Eagle Mark 1, which has
a spectral panchromatic band (420-690 nm) and four multispectral bands: Red
(600-690 nm), Green (500-600 nm), Blue (420-500 nm), and Near-Infrared
or NIR (700-880 nm) (Vexcel 2011). In our study, the four-band multispectral
image was used for the analysis.

By using the previously acquired airborne image, a supervised classification
on the mire vegetation was performed. The input for the classification was
derived from the cluster analysis which divided mire vegetation into four classes.
Based on the clustering as well as on field observations, I manually delimited
irregular polygon samples or so-called regions of interest (ROIs) for each of
the four vegetation classes directly on the image. These ROIs were labelled as
“Group 17, “Group 2%, “Group 3” and “Group 4, respectively. Additionally, two
other ROI classes were created which represented vegetation types that were
present in the mire but were not sampled in the field. These were labelled as
“Forest” and “Unknown vegetation type’, respectively. Therefore, in total, six
land cover classes were defined prior to the supervised classification procedure.
All the data were split into training (80%) and validation (20%) datasets.

The supervised classification was performed using the machine learning
algorithm Random Forest (RF). To find the optimal RF model for classification,
a range of values were tested for two main parameters: ntree = [100, 200, 300,
400, 500] and mtry = [1, 2, 3, 4, 5].

Once the classification procedure has been carried out, it was important to
determine the quality of the information derived from remotely-sensed data.
In the present study, two different approaches of image accuracy assessment —
qualitative assessment and quantitative assessment — were used. Qualitative
assessment included the visual examination of the vegetation type map that
was produced by the classification. Meanwhile, the quantitative assessment
of the results included the generation of a confusion (or error) matrix after
the image classification was performed. The preparation of the confusion matrix
is the most commonly used quantitative method of representing the degree
of accuracy of a classification (Lillesand et al. 2015). In order to evaluate
the accuracy of the produced vegetation type map, four metrics were calculated
from the confusion matrix: (1) Overall Accuracy (OA); (2) User’s Accuracy
(UA); (3) Producer’s Accuracy (PA); and (4) Kappa Coefficient (k).
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The main aim of the remotely-sensed data analysis was to create a spatial
distribution maps for each of the spider species found in the ApSuciems mire.
The whole map preparation process is shown step-by-step in Figure 2. Overall,
the process can be split into three main steps.

Step 1: Maps A->B->C. Firstly, I selected the training samples in the remotely-
sensed image (Figure 2A) and performed the supervised classification to obtain
the map that shows the vegetation type distribution throughout the whole mire
(Figure 2B). The detailed description on the process on image classification is
already provided before, therefore I will not repeat this information here. Next,
based on the field data on collected spider species as well as on the cluster
analysis, I calculated the habitat preferences for each of the collected spider
species. In these calculations, I used the formula that calculates the fidelity (or
frequency of occurrence) of the given species in each of the vegetation types:

Fidelity = N, / N,
where:
N, - the number of samples in vegetation type x occupied by species i;
N, - the total number of samples in vegetation type x.

When the habitat preferences for each species were calculated, these data
were integrated into the vegetation type map. As a result, I got a new map that
shows the frequency of occurrence of the particular spider species in each
vegetation type and thus this map provides the information about the most
suitable vegetation types for the given species (Figure 2C).

Step 2: Maps D->E. Meanwhile, I also processed the field data about
the collected spiders (Figure 2D). In order to graphically display these field data
on the map, the spatial interpolation method was used. Interpolation translates
the point data into the surface data and is usually applied for predicting
the values of unknown locations, using the values in near neighbourhood
(Béarbulescu 2016). In the present study, the procedure called the inverse-
distance weighted (IDW) interpolation was used. The user input of the IDW
procedure is the distance power parameter (p) and the number of nearest sample
points used in the interpolation (n). The main factor affecting the accuracy of
IDW interpolation is the value of the distance power value p (Setianto, Triandini
2013). A power value of 2 is the most commonly used in IDW applications and
was the value selected also for the present study. Meanwhile, the parameter n
was set as the maximum number of nearest points. The interpolation procedure
was performed with SAGA (System for Automated Geoscientific Analyses)
which is integrated into QGIS (Figure 2E).

Step 3: Map F. Once the previous steps of the map processing were carried
out, the final map was created by combining two other maps — map C and map
E. These two maps were combined with the help of the Raster Calculator in
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QGIS by multiplying all the pixel values of both the maps. As a result, the map E
showing the mapped (i.e., the most probable) spider species distribution within
the mire, was produced (Figure 2F). The numerical value generated in the map
multiplication process was assigned the name “Distribution index”. These maps
F were prepared for spider species with the highest number of individuals found
in the fen.

Supervised Species frequency
classification integration in map
[ ype 1
[ Type 2
I Tyee 3
I Type s

I Forest

[ unknown vegetation type

Interpolation
procedure

72 54 63 19 23 12
59 96 89 64 0 11 0

Distribution index
Min: 0%
i Max: 100%
Figure 2. A step-by-step schema for the whole process of the spatial distribution map
preparation for spider species. (A) Infrared orthophoto map with training samples; (B)
Thematic map showing the vegetation type distribution in the mire; (C) Frequency of
occurrence of spider species in each vegetation type - the darker the color, the more
suitable the vegetation type for the particular species; (D) Number of collected spider
individuals within each sample plot; (E) Interpolated distribution of a given spider

species; (F) The final map showing the mapped spider species distribution in the mire -
the darker the area, the higher probability that the particular spider species occurs here.
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4. RESULTS

4.1. Ground-dwelling spider diversity in calcareous fens
(Paper I)

A total of 5,270 spider individuals belonging to 17 families and 102 species
was collected with pitfall traps in five calcareous fens in 2010. The total number
of adult spiders was 4,646. The number of species and specimens varied widely
from fen to fen. Especially varying was the amount of specimens - it ranged from
474 (in Kanieris) to 1,818 (in Platene). The spider diversity also differed among
fens. Engure-2 had the most diverse spider assemblages based on Shannon
diversity index, while the least diverse fen was Engure-1. Spider species were
the most evenly distributed in Engure-2, but in Engure-1 the abundances of
different species were the least similar based on the measure of evenness.

Each fen had its own unique spider species that were found only in this
particular fen. Platene had the highest number of unique species of which
the most abundant was Erigone atra. There were only 11 species that were found
in all of the studied fens.

Within each fen there were different spider species that dominated. In
Kanieris there was one eudominant species (Pirata uliginosus) and one dominant
species (Centromerus sp.); in ApSuciems there were not any eudominant species
but was one dominant species (Antistea elegans); in Engure-1 there was one
eudominant species (Pirata latitans), and no dominant species; in Engure-2
there were no eudominant species, but three dominant species (Antistea elegans,
Pardosa pullata, Pirata uliginosus); and in Platene there was one eudominant
(Pardosa prativaga), and two dominant species (Pirata knorri, Pirata tenuitarsis).

Spider families with the largest number of individuals were Lycosidae
(3,173 individuals), Linyphiidae (526 individuals), Hahniidae (327 individuals),
and Gnaphosidae (284 individuals). In turn, the most species rich families
were Linyphiidae (32 different species), Lycosidae (20 different species), and
Gnaphosidae (14 different species).

4.2. Grass-dwelling spider diversity in calcareous fens
(Paper I1)
A total of 760 spider specimens belonging to nine families and 20 species
were collected with a sweep net in the eight calcareous fens in 2011. The total

number of adult spiders was low (only 250 individuals), and there were a lot of
juvenile spiders. When analyzing spider diversity, it was concluded that there are
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very low values of the Shannon index but relatively high values of the Simpson
index for spiders in the studied fens. It suggests that the grass-dwelling spider
community is characterized by a few abundant and numerous rare species. Also,
these diversity indices show that ApSuciems and Kanieris are the most diverse
fens in terms of spiders while the least diverse spider communities are found
in Platene.

The most abundant spider species collected was Dolomedes fimbriatus,
accounting for 32.2% of all adult spiders detected. The next most abundant
spiders were Tibellus maritimus (31.0%), Evarcha arcuata (10.1%), Marpissa
radiata (5.0%), Pardosa sphagnicola (5.0%) and Xysticus ulmi (3.9%). There
were no species that was collected at all eight fens, but ten of the species were
collected at only one fen.

In general, the most abundant spider families were Araneidae
(126 pecimens), Pisauridae (91 specimens), Philodromidae (80 specimens),
and Salticidae (68 specimens), while the most speciose spider families were
Linyphiidae (five different species) and Araneidae (four different species). All
other families were represented by less than 40 individuals each.

4.3. Diversity and vertical stratification of spiders
in the Apsuciems fen (Paper Ill)

A total number of 2,937 spider individuals, representing 80 species in
19 families was collected in Ap$uciems fen in 2012. The total number of adult
spiders was 1,735. Overall, 55 of all collected spider species were ground-
dwellers, while 25 species were grass-dwellers. A mean Shannon index of 1.69
(£0.06 standard error) was estimated for the ground-dwelling spiders, ranging
from 0.50 to 2.25 among the 57 samples, while the grass-dwelling spider
diversity was 0.85 (+0.07) and ranged between 0.14 and 1.86. Species evenness
for the ground-dwelling and grass-dwelling spiders was 0.87 (+0.02) and
0.68 (£0.04), respectively. In addition, a large number of sporadic spider species
were observed in the fen. Among the ground-dwelling spiders, 35 sporadic
species (63% of all ground-dwellers) were collected, while among grass-
dwellers — seven, which corresponded to 28% of all the species in this stratum.

The vertical distribution patterns of spiders in the ApsSuciems fen were
analyzed both by taxonomic groups (i.e., species and families) and by ecological
groups (i.e., foraging guilds). The most dominant species in the ground-layer
and in the grass-layer are given in Table 2. No eudominant species were detected
among the ground-dwelling spiders, but instead there was a relatively large
number of dominant and subdominant species. Meanwhile, the situation in
the grass-layer was rather different — there were one eudominant, one dominant
and two subdominant species. Thus, species composition as well as spider
dominance structure were evidently distinct in each of the two strata.
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Table 2. The most abundant spider species collected in the ground-layer and in
the grass-layer of the Apsuciems fen in 2012. The Engelmann’s scale of dominance is
used (Engelmann 1978).

Dominance Ground-layer Grass-layer
class
Eudominant
species - Dolomedes fimbriatus (Pisauridae)
(>32%)
Trochosa terricola (Lycosidae),
Dominant Antistea elegans (Hahniidae),
species Piratula hygrophilus (Lycosidae), Evarcha arcuata (Salticidae)
(10-32%) Zora spinimana (Zoridae),
Hygrolycosa rubrofasciata (Lycosidae)
Subdominant Pirata tenuitarsis (Lycosidae),
species Piratula knorri (Lycosidae), Oxyopes ramosus (Oxyopidae),
Pardosa sphagnicola (Lycosidae), Heliophanus cupreus (Salticidae)
(3.2-10%) . X
Pardosa fulvipes (Lycosidae)
Pirata uliginosus (Lycosidae),
Allomengea vidua (Linyphiidae), Pisaura mirabilis (Pisauridae),
Recedent Phrurolithus festivus (Corinnidae), Synageles venator (Salticidae),
species Bathyphantes gracilis (Linyphiidae), | Xysticus ulmi (Thomisidae), Singa
(1-3.2%) Pardosa lugubris (Lycosidae), hamata (Araneidae), Neoscona
Bathyphantes parvulus (Linyphiidae), adianta (Araneidae)
Euryopis flavomaculata (Theridiidae)
Tibellus maritimus
(Philodromidae),
Tetragnatha nigrita
(Tetragnathidae),
Subrecedent Walckenaeria altic.eps (Linyph.iifiae), Cl’z?ﬁl ﬁfj{(ﬁg’)lca
. Leptorchestes berolinensis (Salticidae), | ... . .
species Oedothorax sp. (Linyphiidae), Tibellus f)blonguf (Phllod'ro.mldae),
(0.32-1%) Erigone arctica (Linyphiidae) Marpissa radiata (Salticidae),
3 YP Araneus diadematus (Araneidae),
Araniella cucurbitina (Araneidae),
Araneus quadratus (Araneidae),
Cheiracanthium punctorium
(Miturgidae)
Sporadic
species The remaining 35 species The remaining seven species
(<0.32%)

Large differences in dominance at the spider family level between the ground
and the grass layers were also observed (Figures 3a, b). The most abundant
family in the ground-layer was Lycosidae, which contributed to 60.8% of all
the ground-dwelling spiders, while in the grass-layer the most abundant family
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was Pisauridae, with 59.9% of all the grass-dwelling spiders. These two families
clearly dominated numerically, despite the fact that the family Pisauridae was
represented almost solely by Dolomedes fimbriatus, while the family Lycosidae -
by 13 different species. In turn, the most speciose spider families in the ground-
layer were Linyphiidae (34.5% of all ground-dwellers) and Lycosidae (23.6%)
but in the grass-layer — Araneidae (28.0% of all grass-dwellers).

Based on the spider foraging technique, spiders were grouped into three
foraging guilds: (1) web spinners (detected spider families: Theridiidae,
Araneidae, Agelenidae, Linyphiidae, Tetragnathidae and Hahniidae); (2) sit-
and-wait ambushers (Lycosidae, Thomisidae and Pisauridae); and (3) active
hunters (Gnaphosidae, Clubionidae, Miturgidae, Philodromidae, Salticidae,
Oxyopidae, Zoridae, Liocranidae and Corinnidae). Overall, the analysis of guild
composition showed that the spider guild structure in both layers was quite
similar, with the sit-and-wait ambushers being the most numerically dominant
guild in both strata, while the web spinners — the most species-rich guild in
both strata (Figures 3c, d).

100% 100%
90% 90%
80% B Araneidae 80% 1—— # Araneidae
) B Hahniidae ) 0 Gnaphosidae
70% fahnild: 70% ——— — |BLinyphiidae
W Linyphildae B Liocranidae
" "
60% B Lycosidae 60% !
N @ Lycosidae
50% B Oxyopidae 50% e ° )
O Pisauridae O Philodromidae
0% ur 40% OPisauridae
usalticidae -
30% ) 30% usalticidae
0Zoridae i
20% B Other families 20% D Theridiidae
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10% 10%
a
0% o% b
Ground-layer Grassiayer Ground-layer Grassiayer
100% 100%
90% 90%
80% 80%
0% 0%
60% T Web spinners 60% BWeb spinners
50% O'Sitand-wait ambushers 50% OSit-and-wait ambushers
0% B Active hunters 40% B Active hunters
30% 30%
20% 20%
10% 10%
0% ¢ 0% d
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Figure 3. The dominance structure of spider families and foraging guilds by the number
of individuals and by the number of species in the ground-layer and in the grass-layer
of the ApSuciems fen; (a) the most abundant spider families; (b) the most species-rich
spider families; (c¢) the most abundant spider foraging guilds; (d) the most species-rich
spider foraging guilds.
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4.4. Ecological relationships between spiders
and vegetation (Papers |, I, 111)

The regression analysis showed that spider abundance, species richness and
diversity were significantly positively influenced by the plant species richness
and plant diversity in the fen (Table 3). Overall, the structural parameters of
the vegetation were more influential on the grass-dwelling spiders - the analyses
revealed that plant species richness accounted for 21.7% and 18.1% of the total
variation in grass-dwelling spider species richness and abundance, respectively.
Meanwhile, a relatively small fraction of the total variance of the ground-
dwelling spiders was explained by the vegetation characteristics.

The vegetation height is another component of habitat quality. However, in
contrast to the positive relation between spiders and plant diversity, the vegetation
height was a factor that negatively affected spider numbers (Table 3). The total
species richness and diversity of grass-dwellers decreased significantly with
increasing height of the vegetation. By performing a correlation analysis between
vegetation height and different plant species, it was shown that taller vegetation
was significantly positively associated with the presence of the common reed
Phragmites australis (in 2011: 1 = 0.680; p-value < 0.01; in 2012: rg = 0.354;
p-value < 0.01).

Table 3. Linear regression analysis describing the relationships between the ground-
dwelling and the grass-dwelling spiders and the studied vegetation characteristics
(n = 57). Statistical significance: * - 0.05; ** - 0.01; *** - 0.001.

Predictor (x) Response (y) R? p-value Regression equation
Spider abundance | 0.07438 | 0.040* y = 8.7995 + 0.8041x
Plant species | 2 . .
. S | Species richness | 0.08362 | 0.029 y = 4.5857 + 0.2632x
richness 2
2| Species diversity | 0.1376 | 0.004** y = 1.09513 + 0.05695x
%‘) Spider abundance | 0.02047 0.288 y = 13.035 + 2.895x
Plant diversity E Species richness | 0.03291 0.177 y = 5.7055 + 1.1333x
E Species diversity | 0.08383 | 0.029* y = 1.2514 + 0.3051x
i g5 | Spider abundance | 0.001644 | 0.765 y =17.179 + 0.714x
Vegetation | & g ecies richness | 0.01304 | 0.398 = 7.3452 - 0.6209x
height CHE - - y=r -

Species diversity | 0.04632 0.108 y = 1.69339 - 0.19733x
Spider abundance | 0.1812 | 0.001*** y = -3.5705 + 1.5505x

Plant species

. Z | Species richness | 0.2168 | 0.0003*** | y = 0.60042 + 0.07585x
richness 2
‘&, | Species diversity | 0.1216 0.008** y = 0.14846 + 0.06674x
En Spider abundance | 0.06134 0.063 y =3.721 + 6.191x
Plant diversity | & | Species richness | 0.1331 | 0.005** y = 0.8061 + 0.4080x
% | Species diversity | 0.06776 | 0.051* y = 0.354 + 0.342x
% | Spider abundance | 0.01234 0.411 y = 12.660 - 2.416x
Vegetation =
. O | Species richness | 0.07256 | 0.043* y = 1.39722 - 0.26212x
height

Species diversity | 0.06756 | 0.051* y = 0.85085 - 0.29715x
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Figure 4. RDA ordination diagrams showing spider community organization according
to vegetation structure, scaling 2. Circles represent sampling plots, triangles represent
species. Only species with > 4 individuals were included into the analysis, and only
the most significant vegetation variables (displayed as arrows) are shown; (a) ordination
plot for the ground-dwelling spider assemblages; (b) ordination plot for the grass-dwelling
spider assemblages. Abbreviations: Bryophyta — bryophytes; Clad_mar - Cladium
mariscus; Mol_caer — Molinia caerulea; Myr_gale — Myrica gale; Scir_tab — Scirpus
tabernaemontani; Plants_H - plant diversity (Shannon diversity index); Plants_S - plant
species richness; Veg_heig — vegetation height. The ground-dwelling spider species:
Allo_vid - Allomengea vidua; Anti_eleg — Antistea elegans; Bath_grac — Bathyphantes
gracilis; Bath_parv — Bathyphantes parvulus; Erig_arc — Erigone arctica; Eury_flav -
Euryopis flavomaculata; Hygr_rub — Hygrolycosa rubrofasciata; Lept_ber — Leptorchestes
berolinensis; Oedo_sp — Oedothorax sp.; Pard_fulv — Pardosa fulvipes; Pard_lug — Pardosa
lugubris; Pard_sph - Pardosa sphagnicola; Phr_fest — Phrurolithus festivus; Pir_hygr —
Piratula hygrophilus; Pir_knorri — Piratula knorri; Pir_ten — Pirata tenuitarsis; Pir_ulig —
Pirata uliginosus; Troc_terr — Trochosa terricola; Walc_alt - Walckenaeria alticeps;
Zora_spin — Zora spinimana. The grass-dwelling spider species: Club_germ - Clubiona
germanica; Dol_fimb — Dolomedes fimbriatus; Evar_arc — Evarcha arcuata; Hel_cupr -
Heliophanus cupreus; Marp_rad — Marpissa radiata; Neo_adi — Neoscona adianta
Oxy_ram — Oxyopes ramosus; Pis_mir — Pisaura mirabilis; Sin_ham - Singa hamata; Syn_
ven — Synageles venator; Tetr_nig — Tetragnatha nigrita; Tib_mar — Tibellus maritimus;
Tib_obl - Tibellus oblongus; Xys_ulmi — Xysticus ulmi.

The redundancy analysis (RDA) of the ground-dwelling spider assemblages
produced a significant ordination (p = 0.001 after 999 permutations; Figure 4a).
The numerical output of the RDA showed that the first two canonical axes
explained together 33.8% of the total variance of the data; the first axis explained
19.8%. The Axis 1 was strongly correlated with a plant species richness gradient,
where plots rich in different plant species were plotted on the left, while
those in which there were a low number of plant species and a large cover of
swamp sawgrass Cladium mariscus — on the right. The Axis 2 was associated
with the presence/absence of soft-stem bulrush Scirpus tabernaemontani and
bryophytes, where plots with high coverage of S. tabernaemontani and mosses
were situated in the lower part of the graph, but those with low coverage - in

71



the upper part. Furthermore, it was shown that while some of the ground-
dwelling spider species showed a clear preference for particular habitat type,
others were situated somewhere in the middle of the ordination space.

RDA for the grass-dwelling spider assemblages also produced a significant
ordination (p = 0.003 after 999 permutations; Figure 4b). The first two axes
explained together 42.6% of the total variance, with the first axis alone explaining
39.0%. Similarly, the first axis separated the different plots along a plant diversity
gradient. In addition, the vegetation height was a factor that displayed a very
long arrow, showing its high importance in structuring grass-dwelling spider
assemblages. Finally, if we look at individual grass-dwelling spider species, it
can be seen that the vast majority of them are distributed at the central part of
the ordination diagram.

4.5. An overview of the calcareous fen arachnofauna
(Paper 1V)

Overall, in the three study years a total number of 8,967 spider individuals
(6631 adults and 2336 juveniles) were collected, representing 134 species and
15 morphospecies in 21 families. Most of the species (87 spp.) were collected
only in a single year, while only five species were detected in all three study
years (Dolomedes fimbriatus, Evarcha arcuata, Tibellus maritimus, Xysticus
ulmi and Kaestneria pullata). Altogether eight spider species found during this
investigation were registered as new species for the araneofauna of Latvia —
Cheiracanthium punctorium (Eutichuridae), Gnaphosa lapponum (Gnaphosidae),
G. nigerrima (Gnaphosidae), Bathyphantes parvulus (Linyphiidae), Centromerus
semiater (Linyphiidae), Microlinyphia impigra (Linyphiidae), Pirata tenuitarsis
(Lycosidae), and Leptorchestes berolinensis (Salticidae). The dominant spider
species in each year and in each fen are given in Table 4. One of the most abundant
and most frequently recorded species was Dolomedes fimbriatus, which occurred
in the vast majority of the studied calcareous fens. Overall, however, there were
rather large differences in spider species composition between fens, between
study years, as well as between pitfall samples and the sweep-net samples.

By using relevant information from the literature, a short description of
each of the collected spider species have been prepared. Also, all the collected
spider species were sorted into ecological groups according to their habitat
requirements. This classification was based mainly on spider requirements
for moisture (hygrophilous/xerophilous species) and light (photophilous/
sciophilous species). For some of the spider species we distinguished also sub-
groups. In some cases, however, it was difficult to classify a spider species into
a particular ecological group(-s), because the information in the literature is
sometimes contradictory.
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Table 4. The most dominant spider species in each year and in each studied fen.

Study year 2010 2011 2012
Sampling
method Pitfall trapping Sweep netting | Sweep netting | Pitfall trapping
Evarcha arcuata Trochosa terricola
. . Dolomedes .
Antistea elegans Tibellus . Antistea elegans
g o fimbriatus .
ApSuciems Bathyphantes maritimus Piratula
Evarcha .
parvulus Dolomedes hygrophilus Zora
. arcuata ..
fimbriatus spinimana
Dolomedes
Kanieris Pirata uliginosus fimbriatus

Tibellus maritimus
Evarcha arcuata

Pardosa prativaga
Piratula latitans
Engure (1) | Pirata tenuitarsis | Tibellus maritimus

Piratula Dolomedes
hygrophilus fimbriatus
Antistea elegans
Engure (2) Pirata uliginosus
. Tibellus maritimus
Pardosa prativaga
Platene ) > Dolomedes
Piratula knorri .
fimbriatus
Dolomedes
. fimbriatus
Kirba Tibellus
maritimus
Tibellus
Jeci maritimus
Dolomedes
fimbriatus

The spider ecological group composition in the studied calcareous fens
and the number of spider species and individuals within each group is given
in Figure 5. The most species-rich and the most abundant ecological group was
hygrophilous species — more than a half of all spider species and individuals
collected in the present study could be classified as hygrophilous (if including
also  hygrophilous-photophilous and hygrophilous-sciophilous species).
Photophilous species (including photophilous-hygrophilous and photophilous-
xerophilous) was another large group in the studied fens - overall, 46 of our
collected spider species (34% of all spiders) and 3088 individuals (48%) could
be classified as photophilous. The rest of the ecological groups - xerophilous,
sciophilous, and habitat generalists — were represented by a rather low number
of species and individuals.
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Figure 5. The proportional spider ecological group composition in the calcareous
fens of Latvia by the number of species (dark blue columns) and by the number of
individuals (light blue columns).

4.6. Spider spatial distribution in the ApSuciems fen (Paper V)

Spider distribution was mapped based on the information on mire vegetation.
We defined vegetation types (or plant communities) by using the cluster analysis
which showed that overall four different vegetation types might be distinguished
within the studied mire (Figure 6). Each of these vegetation types differed by:
(1) the total number of plant species; (2) the plant species composition; and
(3) the percentage cover of each of the plant species.

Height
10
L

Group 1 Group 2 Group 3 Group 4

Figure 6. The dendrogram of the hierarchical cluster analysis showing that the mire
vegetation might be divided into four different groups (57 sample plots). Each group is
colored in a different color. The setup of the cluster analysis was: (1) Distance measure:
Euclidean; and (2) Group linkage method: Ward’s method.
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Based on the results of the cluster analysis, a supervised classification on
the mire vegetation was performed. The classification results showed that the best
classification outcome was obtained with the Random Forest model that had
the following tuning parameters: ntree = 300; and mtry = 3. The classification
generated two output products: (1) a thematic map showing the vegetation type
distribution in the mire (Figure 7); and (2) a table of statistics (i.e., confusion
matrix) showing the classification accuracy for each of the vegetation types
(Table 5).

,

Vegetation types
sampled in the field:

[ Type 1
- Type 2
- Type 3
B Type 4

Unsampled vegetation types:

B Forest

|:| Unknown vegetation type

0 100 200 300
BN B metres

Figure 7. Map showing the spatial localization of distinguished vegetation types
(n = 4+2) within the ApSuciems mire. The map was produced by the supervised
classification (algorithm used: Random Forest). The vegetation types 1-4 are in

accordance with the cluster analysis and have the same colors.

The visual examination of the produced thematic map was carried out
to assess the quality of vegetation type identification. In general, the map
corresponded quite well with the real distribution of the vegetation types within
the mire. At the same time, however, the classification accuracy varied between
different parts of the mire. A very high level of accuracy was obtained with
vegetation type N°1 and vegetation type N° 4. Also, the visual interpretation of
the map suggested the high accuracy of those vegetation types that were not
sampled in the field — the forested area that is located around the mire and also
the unknown/unidentified vegetation type that is situated at the southeastern
part of the mire.
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The results were also analysed quantitatively. Four different classification
accuracy indices were used to evaluate the performance of the RF classifier:
Overall Accuracy (OA), User’s Accuracy (UA), Producer’s Accuracy (PA) and
Kappa Coefficient (k). The obtained values of these indices are summarized
in a confusion matrix (Table 5). The classification achieved an OA of almost
97% over the entire mire territory. If speaking about individual accuracies,
the confusion matrix showed similar results as the visual assessment of
the map - that vegetation types N°1 and N°4 was almost perfectly recognized in
the map. In contrast, the major confusion or misclassification occurred between
vegetation types N° 2 and N3, since vegetation type N° 2 was misclassified as
vegetation type N° 1 or N° 3, as well as vegetation type N° 3 was misclassified as
vegetation type N 2. The vegetation types other than these two (N° 2 and N°3)
had a separation accuracy of at least 95%, which is very high. The k for this
classification dataset was 0.95% which is also very high.

Figure 8 shows the mapped spatial distribution pattern of six spider species
within the ApSuciems fen area. The probability of occurrence of the species is
shown on the map with black color - the darker the area in the map, the place
is more suitable for the species and thus the probability that the species is
present here is higher. Along with the species distribution maps, the value called
“Distribution index” was also generated for each of the species. The numerical
value of the “Distribution index” varied greatly from species to species, and it
was observed that the smaller the maximal value of the index, the more the given
species is dispersed throughout the mire area, and vice versa — the larger

Table 5. Confusion matrix and classification accuracies of the Random Forest image
classification using the most accurate classification result (ntree = 300; and mtry = 3).
The classification was based on the four-band multispectral image (R G B + NIR) with
a resolution of 0.25 m.

X Reference data (ground truth) R
Vegetation Veg - - Veg User’s
: b 5 5 A
types Gt | Gisa| s g Forest | Unknown | TOTAL ccuracy
Veg. type1 | 3231 | 149 18 0 0 0 3398 95%
- Veg.type2 | 33 | 1692 | 105 5 37 8 1880 90%
£ Veg. type 3 6 83 267 0 0 0 356 75%
% Veg. type4 | 1 16 2 | 2361 0 0 2380 99%
& | Forest 0 42 0 0 3627 1 3670 99%
Unknown 0 13 0 0 0 3348 3361 100%
TOTAL 3271 | 1995 | 392 | 2366 | 3664 3357 15045
Overall Accuracy:
Producer’s o o o o o o 96.5%
Accuracy 99% | 85% | 68% | 100% | 99% 100% Kappa Coefficient:
0.95
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Figure 8. The mapped distributions along with the “Distribution indices” of six spider
species (in alphabetical order) inhabiting Ap$uciems mire. Darker areas represent
higher probability while lighter areas represent lower probability that species occurs
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the maximal value of the index, the species occurs in a smaller and more
concentrated territory. According to distribution maps, there were no distinct
“hotspots” of spider diversity within the mire territory, since different spider
species had quite different patterns of spatial distribution in the studied habitat.
Opverall, however, it was possible to distinguish five main types of distribution
patterns of the spider species in the given teritorry: (1) Species preferring
the central part of the mire (i.e., were less abundant in the mire margins); (2)
Species preferring the mire margins (i.e., were less abundant towards the mire
centre); (3) Species avoiding the mire centre (i.e., abundant only in the mire
margins and practically absent from the mire centre); (4) Species having no
clear preference (i.e., occurring more or less throughout the mire, including
the mire centre and margins); and (5) Species found very locally (i.e., favouring
one particular spot in the mire).
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5. DISCUSSION

5.1. Ground- and grass-dwelling spider diversity
in calcareous fens (Papers |, II, 1)

The obtained values of the Shannon index showed that spider diversity varied
greatly among different fens, as well as between different parts of the same fen.
The reason for this variability might be related to the fact that the plant species
diversity also varied considerably between studied fens. Moreover, the plant
diversity also varied within the same fen - if speaking about the Apsuciems fen,
then it can be concluded that this fen is a visually very heterogeneous habitat that
consists of a mosaic of different types of microhabitats where those extremely
poor vegetation patches (mainly consisting of swamp sawgrass Cladium
mariscus) are patchily distributed within very rich vegetation. Numerous studies
have demonstrated that higher plant species richness and diversity usually results
in a higher diversity of spiders (Langellotto, Denno 2004; Tews et al. 2004).

The Shannon index also indicated that the ground-dwelling spider diversity
in the studied fens was much higher than that of the grass-dwellers. Well, since
the Shannon diversity index combines evaluations of both species richness and
evenness, then such a low values of the Shannon index for the grass-dwelling
spiders could be due to the considerable lower species richness of this group
of spiders and/or the lower values of the evenness index. The evenness of
the grass-dwelling spiders was low mainly because of the absolute dominance
of a single species in the grass-layer — Dolomedes fimbriatus. Swampy areas
are a typical habitat for D. fimbriatus (Roberts 1996), and since it is a large
spider (body length of a female can reach 20 mm), it may have a competitive
advantage over other spiders that inhabit the same habitat stratum (Harwood
et al. 2001). Besides, the differences in body size promotes intraguild predation
with the larger spider species often being the intraguild predator (Patrick et al.
2012). Thus, the large body size of D. fimbriatus as well as the suitable conditions
for this species in the fen could be the main reasons why this species has such
a high abundance in the studied habitat. On the contrary, in the ground stratum
the individuals were more evenly distributed among the different species. Most
of the dominant ground-dwelling species belonged to family Lycosidae, with
the top-scorers being Trochosa terricola, Piratula hygrophilus and Hygrolycosa
rubrofasciata. Other researchers that have studied spiders in wetland habitats,
have also discovered that Lycosidae family usually dominates in this type of
habitat (Koponen 2003; Cummins 2007). This might be explained by the fact
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that lycosids are also often associated with water (Foelix 2011). However, it has
been argued that the prevalence of lycosids in the samples is probably because
of the collecting method (pitfall traps) employed. Pitfall traps are expected to
differentially capture spiders with different activity, with the highly active groups
(e.g., lycosids) being caught disproportionately more than the others (Cummins
2007). It has been shown that lycosids almost always dominate in the studies
where the pitfall trapping has been used, and no matter in what kind of habitat
the study has been carried out (e.g., Corey et al. 1998; Kowal, Cartar 2012).

5.2. Vertical stratification of spiders in the ApSuciems fen
(Paper l1I)

We sampled two different habitat strata for spiders - the ground-layer
and the grass-layer — and compared the family, species and guild composition
of spiders between these both strata. It was found that each strata was
taxonomically very different — there was a low species and even family overlap
between the ground stratum and the grass stratum. In total, the ground- and
the grass-layer shared only eight out of 80 spider species. These results are in
line with the findings of many other authors who have studied the vertical
distribution of spiders and also discovered that spiders tend to be stratified
in the habitat (e.g., Stenchly et al. 2012; Pinzon et al. 2013). Moreover, studies
indicate that spiders show species-level stratification not only in forested
habitats (Brown 2008; Pinzon et al. 2013) but also in open habitats (Kim et al.
1989; Pekar 2005), despite the fact that these habitat types differ considerably
in their vertical stratification — while forest habitats offer many different vertical
strata for spiders (i.e. the litter layer, understory, upper canopy, overstory), non-
forest habitats exhibit little vertical stratification (Basset et al. 2003). Apparently,
different spider species/families are well adapted to living in a particular habitat
layer. Horvath et al. (2009), for example, discovered that large majority of
diurnal spiders that hunt on flowers and other upper parts of the plant cannot
exist in the lower strata. On the contrary, the majority of small-sized spiders
(e.g., linyphiids) usually live close to the ground (Foelix 2011). Such preferences
for a certain stratum, however, is not surprising, since different strata can
provide very different microhabitats for spiders, i.e. each habitat stratum has
its characteristic microclimatic conditions, differential availability of appropriate
substrate for foraging or web-building, and a different spectrum of prey animals
(Abraham 1983; Foelix 2011). Studies have demonstrated that spiders are
extremely sensitive to the mentioned factors, and thus this might be the reason
why distinctive spider assemblages can establish between vertical strata (Oguri
et al. 2014).

According to the way spiders catch their prey, I divided all detected
spider families into three different functional groups or guilds: web spinners,
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sit-and-wait ambushers and active hunters. The results showed that in spite of
the great differences in family and species composition between the ground-
and the grass-layers, the proportions of spider functional groups in both habitat
layers were rather similar — within both strata the sit-and-wait ambushers was
the dominant spider guild by the number of individuals, while the web spinners
dominated in both layers by the number of species. We need to stress, however,
that these results could be somewhat different if we had used some of the other
of the existing spider guild classifications. Generally, spiders can be grouped
into specific functional groups in many ways - for example, the division can
be based on spider foraging strategy, habitat preferences, circadian activity or
prey range (Post, Riechert 1977). As a result, the number of recognized guilds
is very variable — while some authors distinguish only two (Uetz 1977) or three
(Nyffeler 1982) spider foraging guilds, others subdivide spiders into five (Young,
Edwards 1990), seven (Canard 1990), eight (Riechert, Lockley 1984; Uetz et al.
1999) or even 11 (Post, Riechert 1977) different foraging guilds. The clearest
distinction, however, is between the web builders and wandering spiders (Uetz
1977; Wise 1995). These two spider guilds are ecologically very different — web
builders are sedentary spiders that construct webs and thus feed mainly on
moving prey, whereas wandering spiders are non-web-building predators that
display a more mobile foraging strategy and thus feed on both moving and
motionless prey (Nyffeler 1999; Cobbold, MacMahon 2012). I also decided to
use this basic and most stable division of spider guilds in the present study,
however, I splited the wandering spiders into sit-and-wait ambushers and
active hunters. This decision was based on the fact that the foraging strategy
of sit-and-wait ambushers lies somewhere in the middle between the two basic
guilds - similarly to active hunters, the sit-and-wait ambushers hunt without
using webs, whereas similarly to web builders, they do not actively pursue
prey but wait for it to come to them (Wise 1995). In any case, the results show
that each habitat stratum is inhabited by several different guilds and not by
a single guild. Such behavior is likely to be an adaptation to avoid competitive
interactions, because since the “foraging guild” is defined as a group of species
utilizing the same class of resources in a similar way, then species belonging to
the same guild are most likely to be competitors (Polis, McCormick 1986; Uetz
et al. 1999). This statement was proved by Spiller (1984) and Herberstein (1998)
who studied web-building spiders and observed that mutually competing web
builders construct their webs at different heights when occurring syntopically,
while this is not observed when one of the competititors is removed. Similarly,
Enders (1974) has stated that different orb-weaving spiders can co-exist in
the same habitat only if they build their webs at different heights (Marc, Canard
1997).
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5.3. The influence of habitat complexity on spiders
(Papers |, 11, 111)

The analyses revealed a strong association between spiders and the fen
vegetation. These results are in accordance with many previous studies that
showed the great importance of physical structure and heterogeneity of
the environment to spider distribution (Curtis, Bignal 1980; Hatley, MacMahon
1980; Robinson 1981). In our study, the spider abundance and species richness
were positively associated with the plant species richness and plant diversity in
fens. Many other researchers have also observed that greater habitat complexity
results in a higher abundance and diversity of spiders, because structurally more
diverse habitats allow a greater niche diversification and coexistence of more
spider species (Rypstra 1986; Langellotto, Denno 2004). Complex vegetation
is beneficial for spiders in many ways. For example, one of the factors that
explains the spider distribution in the habitat is microclimate (Tolbert 1979),
and since it is known that microclimate often correlates with the architecture
of plants (Hore, Uniyal 2010), then there will be a greater variety of different
microclimates if the habitat is more complex (Buchholz 2009). Moreover,
the structural complexity within the habitat also provides a greater diversity
of sites which can be used by spiders for resting, basking, finding food, sexual
display, ovipositon or overwintering, as well as it provides more web attachment
points (for web spinners) and an additional refuge from intraguild predators
(Lawton 1983; Halaj et al. 1998).

The patterns in spider species composition across the Apsuciems fen were
also described using a redundancy analysis (RDA). The RDA showed that spider
assemblages have a tendency to arrange in the ordination space according to
habitat type. The differentiation of both the ground- and the grass-layer spider
assemblage structure was determined mainly by the plant diversity gradient -
spider composition was highly dissimilar between the fen places with low plant
species diversity and those places with high plant diversity. It corroborates
the findings of many other authors who have also found that the type of
the vegetation has a great influence on the composition of spider assemblages,
with different plant communities harbouring different associations of spiders
(Buchholz 2010; Torma et al. 2014). Thus, these results indicate that it is very
important to maintain a variety of habitat types within the focal habitat in order
to enhance the spider biodiversity.

5.4. The influence of vegetation height on spiders
(Papers I, 111)
A very important factor that determined the structure of the grass-dwelling

spider assemblages was shown to be the vegetation height. We think that this
outcome may be related to the differing biology of spider species, since different
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species need specific vegetation heights. For instance, many of our collected
grass-dwelling spiders (e.g., Evarcha arcuata, Oxyopes ramosus, Pachygnatha
clercki, Sibianor aurocinctus) are usually associated with low vegetation (Locket,
Millidge 1951, 1953; Roberts 1996; Harvey et al. 2002a,b), while, for example,
Araneus diadematus, who spins large orb webs, needs tall vegetation (Harvey
et al. 2002b).

Meanwhile, however, the results indicated that spider species richness and
diversity were negatively correlated with the vegetation height. This observation
is apparently inconsistent with the findings of other authors who have shown
that the number of spider species, as well as the spider diversity usually increase
by the height of the herbaceous vegetation because higher vegetation is usually
vertically more structured (e.g., Dennis et al. 2001; Harris et al. 2003; Horvath
et al. 2009). We think that one reason for this discrepancy could be related
to the structural features of our studied fen habitats — the correlation analysis
showed that those fen places which were associated with taller vegetation, were
also associated with a high cover of the common reed Phragmites australis.
The analysis revealed that this plant species negatively influenced spiders. P
australis is a typical expansive plant species which spreads very rapidly and
forms monodominant stands, thereby simplifying the vegetation structure of
the habitat (Aunins$ et al. 2013). As a result, due to the lack of architectural
diversity, spider species richness and diversity might also be low. Besides, P
australis also creates shading and thus the proportion of the photophilous spider
species (e.g., Pirata uliginosus, Bathyphantes parvulus) can decrease (Stambuk,
Erben 2002). In their study, Buchholz and Schroder (2013) also discovered
that spider assemblages of P. australis belts were less diverse than those of all
other habitat types. They wrote that these outcomes can be explained either
by a lower number of available niches which results from very homogeneous
reed belts or it can be related to temporal flooding which was very common
in reed belts. P australis might have a high importance for spiders only during
the winter because reed beds have been reported to be substantially important
overwintering places for spiders (Piihringer 1979).

5.5. Characteristic features of the fen arachnofauna
(Paper 1V)

The arachnofauna of the studied calcareous fens consisted of a wide
spectrum of different spider ecological groups. The vast majority of the spider
species found in the fens were hygrophilous or photophilous or hygrophilous-
photophilous. The dominance of these groups in the studied habitats is quite
logical since all our studied fens were moist, sun-exposed mire territories.
Nevertheless, the fen arachnofauna consisted also of different other spider
ecological groups, including even some groups which do not normally inhabit
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wet and alkaline environments, i.e., xerophilous and sphagnophilous species.
The reason of the presence of such species within calcareous fens might be
related with the fact that fens encompass a much broader range of microhabitat
variation than other mire types. Fen surface often has a variable microrelief that
consists of hummocks, hollows and pools, and since the tops of the hummocks
are much drier than their lower part, they may serve as suitable habitat
patches for the xerophilous species. Other researchers have also observed that
drought-loving spider species can occasionally be found on raised, dry patches
of vegetation within otherwise wet and marshy sites (Roberts 1996; Cattin
et al. 2003). Similarly, the presence of sphagnophilous spider species within
the studied mires might also be explained by the availability of hummocks.
Usually these fen hummocks are dominated by acid-loving plant species
(especially Sphagnum mosses) which are raised above the water level and
thus protected from the influence of the alkaline groundwater (Rydin, Jeglum
2006). Consequently, the sphagnophilous spider species, which normally live
in acid environments, especially bogs, and are related with Sphagnum mosses
(e.g., Gnaphosa nigerrima, Pardosa sphagnicola, Pirata piscatorius), might also
be supported in calcareous fens, since the Sphagnum-dominated hummocks
may serve as discrete habitat patches for them. These findings are supported by
several other researchers who have also discovered that spiders can persist in
very small microhabitats (Foelix 2011; Cobbold, MacMahon 2012).

In the present study we have also sampled several new spider species
for the fauna of Latvia. Recording new species could mainly be explained by
insufficient studies in calcareous fens, therefore we suggest that these habitats
should be investigated further. In the future studies it would be worthwhile
to use a combination of different other spider collection methods (e.g., hand
collecting, beating, sieving, suction sampling, etc.) so that a greater variety of
microhabitats is accessed.

5.6. Spider spatial distribution patterns in the Apsuciems fen
(Paper V)

In the present study we offer a new approach of mapping spider distribution
within the boundaries of one particular habitat - ApSuciems fen. This approach
requires a combination of two types of data - in-situ data and remote-sensing
data, which, when combined together, can help to map the distribution of
species more precisely. To use this approach, the knowledge of remote sensing,
GIS, and machine learning are needed. The main product of this new approach
is a species distribution map that shows the locations of the most suitable places
for the studied species in the habitat.

By studying the generated species distribution maps, it was concluded that
some spider species were more or less evenly distributed throughout the mire
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territory and thus can be considered habitat generalists, while some other species
were found more locally and thus can be considered habitat specialists. Also, it
seems that in some cases the distribution patterns of some species may have
been shaped by interspecific competitive exclusion. For instance, if we analyse
the distributions of these two spider species — Pirata hygrophilus and Zora
spinimana — then it can be conluded that their distribution in the mire do not
overlap (Figure 8d, f). This specific spatial distribution of these spider species
seems to be an adaptation to interspecies competition - that is, a strategy that
aims to avoid such competition (Foelix 2011). Also, in such a way these species
can successfully avoid mutual predation. Overall, the prepared distribution
maps seem to be useful to study either a single spider species (e.g., patterns
of population distribution) or the whole spider community within the focal
territory.

In order to map spider species distribution within the mire, it was crucial
to firstly map the distribution of vegetation in the mire habitat. Overall,
the accuracy assessment showed promising results in the use of high resolution
airborne image for mapping heterogeneous mire vegetation with the Random
Forest algorithm. The classification achieved an overall accuracy of nearly 97%
over the entire study area, which indicates that overall, 97 percent of the pixels in
the image were classified correctly. The Kappa Coeflicient was also very high —
0.95, which can be thought of as an indication that an observed classification
is 95% better than one resulting from chance, and this implies a very good
classification performance. At the same time, however, the individual accuracies
was quite variable. It could be concluded that the classification accuracy
somewhat varied between different parts of the mire, and it strongly depended
on the type of the vegetation. A very high level of accuracy was obtained in
more homogeneous parts of the mire, i.e. in those vegetation types which
consisted of either a single plant species (vegetation type N°1) or had no more
than two dominant plant species (vegetation type N°4). On the other hand,
not so good results were obtained in more heterogeneous mire areas where
the vegetation types N°2 and N°3 were located. These two vegetation types
were floristically diverse (consisted of a mixture of different plant species) and
they had rather similar floristic composition, therefore they were quite difficult
to separate from each other. However, despite that this intermixing of pixels
lowered down the accuracy of both the classes, the results were still very good
as the Producer’s and User’s Accuracies were mainly above 85% (except for
the vegetation type N°3).

Mapping the distribution of individual spider and other arthropod species
is an important tool in conservation assessment (Samways et al. 2010). Our
developed approach offers a new method of mapping spatial distribution of
individual spider species, and it requires the use of information collected at
the field level, as well as from the remote sensor. Overall, we conclude from
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this study, that both the spatial resolution (25 cm), as well as the spectral
resolution (4 bands) of the chosen aerial imagery are sufficient and the chosen
machine learning algorithm (Random Forest) is suitable for the vegetation type
identification in the mire, since the results showed a very high classification
accuracy (nearly 97%) with the best classification results being obtained with
the floristically poorer vegetation types. Currently, our developed method has
been approbated in a mire habitat where it seems to work well, but it could
potentially be applicable in some other terrestrial habitats in Latvia as well.
It should be noted, however, that since this is a novel approach that has not
been utilize by other arachnologists (i.e., scientists who study spiders), then this
approach needs to be tested more before wider application can be considered.
But generally, the results of this study are quite promising, since the accuracy of
the results was so high.
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6. CONCLUSIONS

A total of 8,967 spider individuals belonging to 21 families and 149 species
was collected in all three study years. The most dominant spider species
in the ground-layer were Antistea elegans, Bathyphantes parvulus, Pardosa
prativaga, Pirata tenuitarsis, Pirata uliginosus, Piratula hygrophilus, Piratula
knorri, Piratula latitans, Trochosa terricola, and Zora spinimana, while in
the grass-layer the main dominants were Dolomedes fimbriatus, Evarcha
arcuata, and Tibellus maritimus.

Each habitat strata was taxonomically very different - the spider assemblages
of the ground-layer and the grass-layer were characterized by little similar-
ity in species and even family composition. The ground- and the grass-layer
shared only 14 out of 149 spider species. Apparently, the majority of spider
species and families are well adapted for a specific habitat stratum.

The proportions of spider foraging guilds in both habitat layers were rather
similar. Within both strata the sit-and-wait ambushers was the dominant
spider guild by the number of individuals, while the web spinners domina-
ted in both layers by the number of species.

The calcareous fen arachnofauna was characterized by a high proportion
of hygrophilous species — more than a half of all spider species belonged to
this group. Photophilous species was the second largest group in the studied
fens - 34% of all spider species were classified as photophilous. Also, eight
spider species found during the investigation were registered as new species
for the araneofauna of Latvia.

An important determinant of spider species richness and diversity in
the studied fens was plant diversity. The data indicated that structurally
more diverse vegetation supports a higher number of spider species, which
could be explained by a greater variety of available niches within a more
complex vegetation.

The vegetation height was a factor that negatively affected spider diversity,
which perhaps is related with the structural features of the studied fen
habitats since taller vegetation was positively associated with the presence
of the common reed Phragmites australis. This plant species can form very
homogeneous stands and thus can simplify the habitat structure.

Spider assemblages have a tendency to arrange in the fen according to
habitat type, and this arrangement is determined mainly by the plant diver-
sity gradient — spider composition was highly dissimilar between fen parts
with high plant diversity and those parts with low diversity. Thus, these
results emphasize the importance of maintaining a mosaic-like pattern in
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the habitat, since different vegetation patches can provide habitat for diffe-
rent spider assemblages.

Our developed spider distribution mapping method seems to work well in
fen habitats. We concluded that the spatial resolution (25 cm), as well as
the spectral resolution (4 bands) of the chosen aerial imagery are sufficient
and the chosen machine learning algorithm (Random Forest) is suitable
for the spider habitat (i.e., vegetation type) identification in the mire, since
the results showed a very high classification accuracy - nearly 97%.

The spider distribution maps showed that, in general, five different types of
distribution can be distinguished for spiders in the studied fen - Ap$uciems.
Certain spider species were more or less evenly distributed over the entire
area of the fen, while other species were found more locally.
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