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1. Uvop

Ttida pavoukovci (Arachnida) je sice starobylou, ale stile velmi po¢etnou evoluéni
vétvi kmene ¢lenovcil (Arthropoda). Jiz ve sttednim devonu (pfed 370 miliony let) byly zcela
diferencovany nekteré soucasné fady (Selden at al. 1991), v jantaru z ranych tietihor (cca pred
48 miliony let) se daji bézné€ rozeznat rody pavoukt a Stirka zijici 1 v dneSni dobé (napf.
Penney 1999, Judson 2005). Piestoze pavoukovci hraji dilezitou roli prakticky ve vSech
suchozemskych biotopech, nase znalosti o nich jsou stéle jest¢ nedostate¢né, zejména ve
srovnani s hmyzem a ptedevsim s obratlovci. I v rdmeci rozsahlé tiidy pavoukovci ale existuji
velké rozdily. V soucasné dob¢ se rozliSuje vétsinou 11 recentnich fadi (Wheeler & Hayashi
1998). Zatimco pavouci (Araneae), rozto¢i (Acari), sekaci (Opiliones) a §tifi (Scorpiones)
patfi mezi 1épe prozkoumané skupiny, informace o ostatnich fadech jsou pouze minimalni.
Vétsinou je to dano vyskytem v tropickych ¢i subtropickych oblastech jako u roztocovcl
(Ricinulei), tfi fadt (Amblypygi, Schizomida a Telyphonida) fazenych dfive do jediného fadu
bi¢ovci (Pedipalpi) a solifug (Solifugae) nebo skrytym zptisobem Zivota v jeskynich
a hlubsich vrstvach piidy jako u Stirenek (Palpigradi). Mezi méné znamé fady patii ale 1 Stirci
(Pseudoscorpiones). Je to prekvapivé, kdyz si uvédomime Ze Stirci tvoii ¢tvrty nejpocetnéjsi
rad pavoukovct s vice jak 3200 popsanymi druhy fazenymi do 25 ¢eledi (Harvey 2002,
Judson 2005). Velka uniformita vnéjsi morfologie a mala velikost téla jsou patrn¢ hlavni
davody, proc §tirci stale patii mezi opomijené skupiny. Tento fakt byl do nedavné doby
markantni i ve znalostech fauny §tirki Ceské republiky. Jesté v roce 1994 bylo z naseho
uzemi znamo pouze 21 druhti (Ducha¢ 1994). V soucasné dobé¢ se situace postupné zlepsuje,
je uvadéno jiz 34 druht §tirkd ze sedmi eledi (Blick et al. 2004, Stahlavsky 2006). Tento
pocet pravdépodobné nebude konecny, jelikoz ze sousedniho Némecka je udavano 48 druhii

stirkti a z Rakouska dokonce 67 (Blick et al. 2004).

Obecna charakteristika Stirki a jejich fylogeneticka pribuznost

Béznému pozorovateli mohou $tirci pfipominat nejspise $tiry, zejména pro podobna,
napadné klepitkovit¢ modifikovana makadla. Na rozdil od $tirti neni vSak opisthosoma Stirkti
roz¢lenéno na mesosoma a metasoma a jejich zadecek neni zakoncen telsonem s jedovou
zlazou. Jedova Zlaza u Stirkt sice vyvinuta je, ovSem v makadlech, na nichz usti do

koncovych jedovych zubii. Charakteristicky vzhled spolu s malou velikosti ¢ini ze $tirkl



nezameénitelnou skupinu. Délka téla je maximaln€ 1 cm, velikost vétSiny druht se vSak
pohybuje v rozpéti 1-2 mm. Ve fylogenetickych studiich je tad Stirk vyc€lenén na zékladé
charakteristickych autapomorfii — absenci anteriopatellotibidlniho svalu v konc¢etinach, dale
absenci stfednich o¢i (coz je povazovano za konvergenci s fady Palpigradi, Schizomida a
Ricinulei), ptitomnosti vaje¢ného vacku (angl. ,,brood sac*) (povazovano za konvergentni
konvergenci s fady Opiliones a Palpigradi) (Schultz 1990). Vzhledem k vySe zminéné vné&jsi
podobnosti se Stiry a konvergencim s riznymi dalS$imi fady byli Stirci uvazovani jako
sesterské skupina velmi rozli¢nych skupin pavoukovct. Nejcastéji se predpokladala
piibuznost s fady solifug (Solifugae) a §tirti (Scorpiones), ale objevily se 1 hypotézy o jejich
blizké ptibuznosti se sekaci (Opiliones), roztoci (Acari) a roztoCovei (Ricinulei) (Wheeler &
Hayashi 1998). Béhem poslednich pétadvaceti let vSak ptevladl nazor o blizké fylogenetické
pribuznosti stirkt a solifug, a to na zakladé ptitomnosti predpokladané spole¢né synapomorfie
— dvojClennych chelatnich chelicer (Weygoldt & Paulus 1979). Tuto piibuznost podpofila i
posledni fylogenetické analyza pavoukovct vyuzivajici kombinaci morfologickych a
molekularnich znakti (18S rDNA a 28S rDNA) (Wheeler & Hayashi 1998). Této hypotéze
vSak odporuji vysledky recentniho studia ultrastruktury spermii u solifug (Alberti & Peretti
2002). Spermie tohoto fadu jsou malé (jejich primér je kolem 2 pum), diskoidalni, bez biciku,
s velmi malym obsahem cytoplasmy. Tento stav odpovida nejlépe spermiim rozto¢i podiadu
Acariformes (napf. Alberti & Storch 1976, Alberti 1991). Spermie $tirka jsou vSak vetsi
(jejich primérna délka kolisa kolem 4,5 um), ovalné, bicikaté (Legg 1973) a maji
modifikované mitochondrie (Alberti 2000). Tato charakteristika neodpovida stavu u solifug,
ale spiSe u $tirdt (Alberti 2000). Konecné pochopeni fylogenetické pozice Stirka (ale i mnoha
dalsich fada) v ramci pavoukovct si vyzada zjevné jeste dalsi studium. VSechny dosavadni
fylogenetické analyzy operujici na morfologické tirovni komplikuje zejména fakt, ze se i u
nejstarsich fosilnich nalezi pavoukovcti jedna vzdy jiz o dobfe diferencované zastupce se
vSemi typickymi znaky ptislusné skupiny. Z toho diivodu je nékdy obtizné urcit pfesnou
polaritu fady znakl (apomorfie, plesiomorfiie ¢i konvergence). V takové situaci by mohlo
pomoci studium evoluce znaki v rameci jednotlivych fada. Co se tyka Stirkd, podrobnou
fylogenetickou analyzu provedl pouze Harvey (1992) (viz obr. 1), bohuzel jen na zaklad¢
morfologickych znakt. V ramci této studie byly rozkryty vzéjemné fylogenetické vztahy 24
Celedi, které se ukéazaly byt navzajem dobte diferencované. Na niz$ich taxonomickych
urovnich nez ¢eled¢ jsou stirci ale jiz velmi uniformni skupinou, kterd mize skryvat mnozstvi

kryptickych druhti (napt. Mahnert 1981, Muster et al. 2004, Wilcox et al. 1997). Skute¢nou



diversitu StirkQ zastird zejména i to, Ze taxonomie Stirkt je z velké ¢asti zaloZzena na
morfometrickych znacich, které maji kontinudlni proménlivost. Pravé tento typ znak je ale
velmi diilezity pro pfesnou determinaci a odliSeni jednotlivych druhti. Naptiklad v ramci klice
evropskych druhi stirkd je pro determinaci druhti rodu Chthonius pouzito 87 znakl, z nich 24
¢isté¢ morfometrickych (Beier 1963). U nejpocetnéjSiho rodu Neobisium je ve stejné praci
pouzito 159 riznych znaki, z nichZ je na métfeni nejriiznéjSich rozméri zalozena dokonce
celd polovina. Zarazi proto, Ze i kdyZ je morfometrie jednen z kli¢ovych parametrt
v taxonomii §tirkl na druhové trovni, nalezneme podrobné informace o variabilité téchto
znakd jen velmi ojedinéle. V evropské fauné je tak znama podrobna morfometrie vSech
vyvojovych stadii pouze u druhti Neobisium bernardi (Dimitrijevic 1999), N. carpenteri, N.
maritinum (Gabbutt 1965), N. carcinoides (Gabbutt & Vachon 1965), Dactylochelifer
latreillei (Gabbutt 1970) a Chthonius ischnocheles (Gabbutt & Vachon 1963). U ostatnich
druhii se sice podobné informace také daji nalézt, ale jedna se predevsim o jednotliva méteni
pievazné typového materialu.

Z vyse uvedeného vyplyva, ze pro rekonstrukci fylogeneze pavoukovci a jejich fadu,
stejné jako pro odhaleni skutecné druhové diversity Stirki bude zapotiebi studium znakti

z dal$ich trovni organizace organismu. V tomto sméru se je zatim nedocenéna karyologie.

Karyotypy pavoukovci

Studium cytogenetiky celého kmene ¢lenovet (Arthropoda) ma velmi dlouhou tradici,
nekteti zastupci byli intenzivné studovani jiz v pionyrskych dobach cytogenetiky, coz se tyka
1 zastupci tfidy pavoukovcl (napt. Carnoy 1885). Tato oblast zaznamenala v n¢kolika
poslednich desetiletich prudky rozvoj. Pokrok ve vyzkumu je nejlépe patrny zv1asté u
nékterych 1épe prozkoumanych skupin tohoto pocetného kmene, u nichz jsme svédky
piechodu od cisté deskriptivniho popisu karyotypu k analytickému studiu chromosomovych
struktur. Nutno zdlraznit, Ze rizné skupiny ¢lenovcil jsou z karyologického hlediska naprosto
nerovnomérné prozkoumany. K dobie zpracovanym patii mnohé fady hmyzu, opakem jsou
rady pavoukovci, u nichz zname karyotypy vétSinou u mensiho mnozstvi zastupcti nebo o
jejich chromosomech nemame viibec zadné informace.

V ramci pavoukovct je nejlépe prostudovana karyologie pavoukil (Araneae), u nichz
byly popsany karyotypy jiz u vice nez 600 druhti (Kral 1994, Kral nepublikovany checklist).
V ramci celého tadu byl zjistén velky rozsah diploidnich poctii chromosomt, ktery odpovida

jeho ohromné diversité. Diploidni pocty kolisaji mezi 7 chromosomy u Ariadna lateralis



(Segestriidae) a 94 chromosomy u Heptathela kimurai (Liphistiidae) (Suzuki 1954). Jedna se
také o skupinu, v ramci které mizeme nalézt jak monocentrické, tak i holocentrické
chromosomy. Jednotlivé rody a mnohdy i ¢eled€ vSak vykazuji pomérn€ malou variabilitu v
poctu a morfologii chromosomti. V karyotypech ptevazuji vétsinou akrocentrické
chromosomy, diploidni pocCty se nejcastéji pohybuji v rozmezi od 20 do 30. Hlavnim rysem,
kterym se karyotypy pavoukt odliSuji od jinych skupin, a to nejen pavoukovci, je pfevaha
ojedin€lého typu chromosomového zplisobu urceni pohlavi, X;X,0. Na rozdil od jinych
skupin zivocichtl, kde se tento mechanismus také vyskytuje, se predpoklada, ze u pavouku se
jedna o ptivodni systém (White 1973). Byl totiz nalezen i u nejprimitivnéjsich recentnich
skupin pavouktl — sklipkost (Suzuki 1954). Dale byl tento systém také nalezen u 85% vSech
dosud studovanych druhti (Benavente et al. 1982). Z tohoto typu se u pavoukt dale vyvinuly
determinace pohlavi. Patrn¢ jeden z nejkomplikovanégjsich byl objeven u nékterych ras druhu
Delena cancerides (Sparassidae), jakozto disledek mnohocetnych reciprokych translokaci
mezi pivodnimi pohlavnimi chromosomy a autosomy: neo-X;XoX3X4Xs5Y1Y2Y3Y4 (Rowell
1986).

Druhym pomérné dobie prozkoumanym fadem pavoukovct jsou roztoci (Acari). U nich
byly popsany chromosomy u vice jak 200 druhti (Kral 1994). V ramci rozto¢i mizeme
vymezit dvé chromosomové zcela odlisné skupiny — podifady Parasitiformes a Acariformes.
Prvni se vyznacuje monocentrickymi chromosomy. Diploidni pocty kolisaji mezi 6 a 34
(Oliver 1977). Druhy podiad se vyznacuje holocentrickymi chromosomy a jest¢ nizSimi
diploidnimi pocty, které se pohybuji mezi 4 a 26 (Oliver 1977). V ramci podiadu
Parasitiformes mizeme nalézt jak chromosomovy typ urceni pohlavi XY, tak i X0. Mimoto se
u rodu Amblyomma vyskytuje u dvou druhti také typ X;X,Y. Oproti tomu u akariformnich
roztoc¢l nejsou pohlavni chromosomy diferencovany morfologicky, s vyjimkou typu X0.
Velice Casté je v ramci obou podiadi také haplodiploidie, kterd se vyznacuje haploidii samct
(Norton et al. 1993).

Relativné vétsi mnozstvi informaci o chromosomech mame také u fadu sekaci
(Opiliones). V ramci zatim pfiblizné padesati studovanych druhti kolisaji diploidni pocty mezi
10 (Trachyrhinus rectipalpus a Paraumbogrella pumilio, Phalangiidae) (Tsurusaki &
Cokendolpher 1990) a 78 chromosomy (Vovones sayi, Cosmetidae) (Cokendolpher & Jones
1991). Na rozdil od pavoukt pfevazuji u sekacti metacentrické chromosomy. Pocet
chromosomtl dale vyrazné kolisa nejen v ramci rodu, ale velice ¢asto také mezi populacemi

jediného druhu (napt. Tsurusaki 1989, Tsurusaki et al. 1991). U druhu Psathyropus tenuipes



(2n=18-37) je tato variabilita zptisobena chromosomy typu B, jichz mize byt az 19 (Tsurusaki
1993). Typickym systémem chromosomové determinace pohlavi u sekaci je typ XY. Jedinou
vyjimkou je druh Mitopus morio (Phalangiidae), u kterého byl zjistén zatim jako u jediného
pavoukovce typ Abraxas (ZW-ZZ) (Tsurusaki & Cokendolpher 1990).

U dalsiho studovaného fadu pavoukovci, u stirti (Scorpiones), se podobné jako u
rozto¢ vyskytuji dvé chromosomové napadné odlisné skupiny. U ¢eledi Buthidae nachdzime
holocentrické chromosomy, jejichZ diploidni pocet se pohybuje mezi 6 a 48 (White 1973,
Shanahan 1989a). Pocet chromosomu se mtize ¢asto zna¢né liSit i v rdmci jednoho druhu, jak
bylo dokumentovano naptiklad u $tira Tityus bahiensis (2n=6-19) (White 1973). Druhou
skupinu tvoii vSechny ostatni zatim studované ¢eledi §tirti (celkem 5) u nichz jsou
chromosomy monocentrické. Tato skupina se vyznacuje vétsim rozsahem diploidnich pocti
nez ¢eled’ Buthidae, a to mezi 29 a 175 (Shanahan 1989b). I v této skupiné mizeme nalézt
velké rozpéti v poctech chromosoml mezi populacemi jednotlivych druhti. Naptiklad u druhu
Urodacus manicatus (Urodacidae) je 2n=29-64 a u druhu U. novaehollandiae dokonce
2n=66-175. Pti tak obrovskych rozdilech v poctu a i v morfologii chromosomt se nejspiSe
jedné o rizné kryptické druhy (Shanahan 1989b). Pro ob¢ vyse uvedené skupiny §tirt (t;.

s holocentrickymi i s monocentrickymi chromosomy) je charakteristicky Casty vyskyt
achiasmatické meiosy (Shanahan & Hayman 1990). Na rozdil od vSech ostatnich studovanych
radi pavoukovci nebyly u $tird zatim detekovany pohlavni chromosomy.

U tadu bi¢ovct (Telyphonida) mame informace o chromosomech pouze u jediného
druhu, Thelyphonus sepiaris. Karyotyp samce se u n¢j sklada z 49 chromosomt, vétSinou
metacentrickych a submetacentrickych. Chromosomové urceni pohlavi je u néj typu X0
(Makino 1951). U dalSich péti fadi pavoukoveil (Amblypygi, Palpigradi, Ricinulei,
Schizomida a Solifugae) nebyly karyotypy zatim studovany vibec.

Oproti posledné jmenovanym tadtim je situace u tadu $tirkl precejen o trochu lepsi.
spermatogenezi a oogenezi. Sokolow (1926) jako prvni udava pocet chromosomu u druhti
Neobisium carcinoides (Neobisiidae) a Dendrochernes cyrneus (Chernetidae). Dalsi zminka o
poctu chromosomtl se d& nalézt v podobné praci u druhu Hysterochelifer meridianus (Boissin
& Manier 1966). Prvni podrobné studium karyotypt bylo ale provedeno teprve u Sesti druhti
rodu Roncus (Neobisiidae) ze severni Italie (Troiano 1990, 1997). Karyotypy vSech druhit
byly dosti odlisné (2n=22-52) vcetné systémil chromosomové determinace pohlavi a
morfologie pohlavnich chromosomt. Srovnanim karyotypt bylo mozné odkryt fylogenetické

vztahy mezi studovanymi druhy a odhadnout hlavni chromosomové piestavby u studovanych



druhti. NejcastéjsSim typem chromosomovych piestaveb v karyotypové evoluci rodu jsou
patrné centrické fuze (Troiano 1997). Karyotypovou diversitu dokresluje stanoveni poctu
chromosomtl u dvou druhii rodu Allochthonius (Chthoniidae) v rdmci studia morfologie (Lee
& Seo 1995) a dvou druhti rodu Chernes (Chernetidae) (Stahlavsky 2000). Celkové rozpéti
diploidnich pocth u stirkt kolisa od 10 (Allochthonius buanensis) (Lee & Seo 1995) az po 67
(Neobisium carcinoides) (Sokolow 1926). U §tirkil byly popsany dva typy chromosomové
determinace pohlavi (X0 a XY), a to i v ramci jediného rodu (Roncus) (Troiano 1990, 1997).

2. CiLE PRACE

Z uvodni analyzy je zfejmé, Ze naSe znalosti o karyologii $tirkd jsou zatim jen
minimalni. Tento fakt je zardzejici o to vic, ze vSechny doposud publikované prace ukazuji, ze
Stirci maji sice uniformni vnéj$i morfologii, ale jsou velmi diversifikovanou skupinu co se
tyka karyotypi. Znaky na karyologické trovni by se tedy mohly vyuzit pii studiu
taxonomickych problémi a fylogeneze skupiny.

Hlavnim cilem disertacni prace proto bylo rozkryt karyologii Stirk(i, a to zahrnutim
maximalniho spektra skupin za pomoci standardnich cytogenetickych metod.

Zakladni konkrétnéji specifikované cile byly nasledujici:

1. optimalizovat standardni ptipravu chromosomovych preparatii, véetné stanoveni
nejvhodnéjsich vyvojovych stadii a obdobi pro studium karyotypii.

2. popsat karyotypy u co nejvétsiho poétu druhti z riiznych &eledi. V Ceské republice se sice
vyskytuje 34 druhi ze 7 Eeledi (Blick et al. 2004, Stahlavsky 2006), ale velké mnoZstvi
druhii se nachazi pouze ojedinéle. Proto byl zahrnut i zahrani¢ni material.

3. v ramci popist karyotypu zaloZzenych na standardné barvenych preparatech stanovit
zakladni charakteristiky karyotypu: pocet, morfologii, resp. velikost chromosomt,
chromosomovy typ uréeni pohlavi v€etné morfologie pohlavnich chromosomt, popiipad¢ i
chovani pohlavnich chromosomti béhem meiosy.

4. na zéklad¢ popsanych karyotypti charakterizovat jednotlivé ¢eledi a mezidruhovou
variabilitu Stirka.

5. u skupin s vétSim poctem karyotypovanych druhti se pokusit o stanoveni zékladnich trendt
karyotypové evoluce véetné typickych chromosomovych ptestaveb, které se podilely na
zménach karyotypu, zejména u pohlavnich chromosomti.

6. vytipovat konkrétni okruhy problémii které by mohly byt v budoucnu feSeny dal$imi

cytogenetickymi metodami.



3. MATERIAL A METODIKA

Pro ptipravu chromosomovych preparata byli ipouziti zivi jedinci, ziskani z plidni
hrabanky, pod kameny, klirou ¢i v dutinach stromd. Pro pfipravu chromosomovych preparatt
se podatilo Gspésné vyuzit metodu ,,plate spreading® (Traut 1976), kterd umoziuje
minimalizovat ztraty materidlu béhem ptipravy a tudiz je vhodna pro ptipravu
chromosomovych preparati z velmi malych zivoc€icht, jakymi jsou napf. Stirci. Podrobny
postup ptipravy chromosomovych preparatl je uveden v praci o karyologii stirkt ¢eledi
Chthoniidae (Stahlavsky & Kral 2004). Pro studium karyotypti se ukazaly byt nejvhodné;si
gonady adultnich stirkd, jak bylo ukazano jiz Troianemo (1990). Ptesto se podatilo u druhil
Lasiochernes cretonatus (Stahlavsky et al. 2005) a Mesochelifer ressli ziskat kvalitni
vysledky 1 u nedospélych stadii (tritonymf). Pro podrobné studium karyotypt jsou
nejvhodnéjsi samei Stirkil u nichZ je mozno analyzovat nejen mitozy, ale i rizné faze
meiotického déleni, které umoziuji stanovit nejen morfologii chromosomt, ale 1 systém
pohlavnich chromosomti. Vzhledem k tomu, ze v mitotickych metafazich neni vzdy jasné
patrnd oblast centromery, byly pro stanoveni morfologie chromosomil a pro popis karyotypu
fady druhii pouZzity i meiotické metafaze I1. V této metafazi jsou jiz chromatidy zcela
odd¢leny a spojeny pouze v centromerické oblasti. Morfologie chromosomt je proto mnohem
1épe patrna. Karyotyp je pak popsan na zdklad¢ dvou dcetinych metafazi I1. V ptipad¢ celedi
Chthnoniidae se ukédzala byt vhodnym stadiem pro charakteristiku karyotypu také
postpachytene, kde je centromericka oblast zvyraznéna napadnym positivné
heteropyknotickym (odlisné se barvicim) knobem. U zéstupct s determinaci pohlavi typu X0
byla relativni velikost chromosomi vypo¢itana pro haploidni sadu (viz Stahlavsky & Kral
2004). U celedi, u nichz se vyskytuje jiny typ chromosomové determinace pohlavi (t].
Larcidae a Neobisiidae), byla relativni velikost chromosomtl vypocitana pro diploidni sadu,
aby mohly byt zapocitany vSechny pohlavni chromosomy.

Troiano (1990) upozoriiuje, ze urcitd obdobi roku mohou byt u Stirkti rodu Roncus
vhodnéjsi pro ptipravu chromosomovych preparatti, nicméné toto obdobi blize nespecifikuje a
pouze konstatuje, ze se u riznych studovanych druht lisi. Je jasné, ze toto optimalni obdobi
pro studium karyotypi tzce souvisi s obdobim rozmnozovani. U vétSiny stfedoevropskych
druhti Ize totiz ziskat kvalitni chromosomové prepraty vétSinou jen v jarnim obdobi, které se
shoduje s jejich dobou rozmnoZovani. Vyjimku tvoii druh Chthonius tenuis u kterého je doba
rozmnozovani v naSich podminkach nejspiSe v podzimnich mésicich, jeho deutonymfy jsou

v Ceské republice nalézany predevsim koncem listopadu (Stahlavsky 2001). U dvou zastupcii



¢eledi Chernetidae (Dinocheirus panzeri a Pselaphochernes scorpioides) u nichz byl zjistén
vyskyt protonymph v pritbéhu celého roku (Stahlavsky 2001) a u nékterych druhti ¢eledi
Cheliferidae (Chelifer cancroides a Mesochelifer ressli) se nepodatilo detekovat optimalni
obdobi pro studium karyotypi, tj. dobu kdy dochézi k meiotickému déleni u samcti viibec. U
mimoevropskych druhii nebylo bohuzel mozné sledovat optimélni obdobi pro studium

karyotyptl s ohledem na omezeny a nepravidelny pfisun materialu.

Publikované vysledky (viz Ptilohy 1-3) a vysledky ziskané v ramci jednoletého
grantového projektu FRVS (Analyza druhového komplexu Neobisium carcinoides) (Piiloha
4) jsou v casti Vysledky doplnény o dalsi, doposud nepublikované udaje ziskané u dalSich
druht $tirkd. Jsou zde zahrnuta 1 pribéZna pozorovani, kterd v n&kterych pfipadech nemohou
byt povazovana za kone¢na vzhledem k dosavadni netiplnosti vysledk, zejména u obtizné
dostupnych druhii. Pfesto hraji tato data dilezitou roli v charakteristice karyotypii
jednotlivych zkoumanych ¢eledi a jsou vyznamna i pro celkové piedstavy o cytogenetice
Stirkti. Jednotlivé celed¢ a druhy jsou fazeny abecedné a nomenklatura je pouZita podle
Harveye (1991).

V Prtiloze 5 — Tab. 1 jsou souhrn¢ uvedeny karyotypované druhy, lokality, data sbért a
zakladni karyologické charakteristiky.



4. VYSLEDKY

4.1. Atemnidae

Atemnus politus (Simon, 1878)

Diploidni pocet chromosomt samce je 95. V diplotene standardnich jedinct bylo
pozorovano 47 bivalenti a positivné heteropyknoticky pohlavni chromosom X. Mechanismus
determinace pohlavi je typu XO0. V diplotene nékterych byly detekovany napadné kruhové
multivalenty, které vznikly patrné v dusledku reciprokych translokaci mezi autosomy. Pro
tyto ptestavby se v populaci vyskytoval napadny polymorfismus, a to od stavu, kdy se
u nékterych jedinci nevyskytovaly vibec (tj. byly pfitomné pouze bivalenty) az po
pritomnost oktavalentll. Nejcastéji se v diplotenni figute vyskytoval jeden tetravalent a jeden

hexavalent (Obr. 2B).

Cyclatemnus dolosus Beier, 1964

Karyotyp samce tohoto jihoafrického druhu se sklada z 93 chromosomi (Obr. 2A).
Karyotyp stanoveny na zaklad¢ dvou dcetinnych metafazi Il obsahuje 16 part
metacentrickych, 4 pary submetacentrickych, 1 par subtelocentrickych a 25 para
akrocentrickych autosomt. Velikost jednotlivych autosomovych part se plynule zmensuje od
3.07% do 1.04% haploidni sady. U tohoto druhu se vyskytuje systém chromosomového
urceni pohlavi typu X0. Pohlavni chromosom je metacentricky a nejvétsi v karyotypu (4.70%

haploidni sady).

Diplotemnus insolitus Chamberlin, 1933

Karyotyp samce obsahuje 123 chromosomt (Obr. 2C). V karyotypu jsou zastoupeny
vSechny chromosomové typy — 16 metacentrickych, 34 submetacentrickych, 32
subtelocentrickych a 43 akrocentrickych chromosomt. Nejdelsi autosomovy par (6.69%
haploidni sady) je téméf dvakrat delsi nez nasledujici (3.76% haploidni sady). Od druhého
paru se velikost autosomi zmenSuje plynule az po 0.40% haploidni sady. Vzhledem
k velkému mnozstvi chromosomil s podobnou morfologii a velikosti nebylo mozné
v karyotypu piesné identifikovat pohlavni chromosom, ktery je nejspise akrocentricky.
Vzhledem k lichému diploidnimu poctu je s nejvétsi pravdépodobnosti pfitomen systém X0

stejné jako u ostatnich studovanych zastupct této celedi.
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Oratemnus sp.
V diplotene samce tohoto australského druhu bylo pozorovano 68 bivalent a jeden
univalent (Obr. 2D). Z toho lze odvodit, ze celkovy pocet chromosomti je 137 a

chromosomovy zptisob determinace pohlavi je typu XO.

4.2. Garypinidae

V ramci této Celedé€ byl karyotypovan jediny druh Garypinus dimidatus. Diploidni pocet
samce je 33 a samice 34 chromosomil. Kryotyp se sklada pouze z metacentrickych a
submetacentrickych chromosomt a chromosomovy typ urceni pohlavi je X0. Vysledky
ziskané u tohoto druhu jsou podrobné zpracovany v pfilozené praci Stahlavsky et al. (2006)

(viz Ptiloha 3).

4.3. Geogarypidae

V ramci této ¢eled¢ byly karyotypovany tfi druhy ze tfi rozdilnych zoogeografickych
oblasti. Pfesto v§echny vykazuji podobné rysy. Jejich karyotyp se sklada z niz§iho poctu
plynule se zmensujicich chromosomil 2n=15-23, které jsou az na vyjimky metacentrické.
Chromosomové urc¢eni pohlavi je X0 s velkym metacentrickym X chromosomem. Pohlavni
chromosom v ramci meiosy vykazuje zajimavé zmény v heteropyknose a zejména u druhu
Geogarypus sp. je napadny velkou heteropyknotickou ¢asti, ktera tvoti polovinu jednoho
ramene (viz Pfiloha 5, obr. 14). Vysledky ziskané u tfi zastupct této ¢eledi jsou podrobné

zpracovéany v piilozené praci Stéhlavsky et al. (2006) (viz P¥iloha 3).

4.4. Cheiridiidae

Apocheiridium ferum (Simon, 1879)

Karyotyp samce se sklada z 41 chromosomu (Obr. 3A), vyznacuje se vyraznou
pievahou akrocentrickych chromosomi. Mitotickd metafaze samce obsahuje celkem 3 pary
metacentrickych, 2 pary submetacentrickych, 2 pary subtelocentrickych a 13 part
akrocentrickych autosomt. Prvni dva autosomové pary jsou delsi nez zbyvajici chromosomy,

tvoii 12.39% a 11.02% haploidni sady. Velikost nasledujicich autosomovych part se pak
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plynule zmensuje od 7.37% az po 2.31% haploidni sady. 4. ferum méa mechanismus urceni
pohlavi typu X0, pficemZ pohlavni chromosom X je submetacentricky a tvoii 7.69%

haploidni sady.

Cheiridium museorum (Leach, 1817)

Diploidni poc¢et chromosomil samcti je 49 (Obr. 3B), samic 50. Karyotyp samce
sestaveny z dcefinych jader metafaze II bylo pozorovéano 7 part metacentrickych, 5 part
subtelocentrickych a 12 parti akrocentrickych autosomi, jejichz velikost se plynule zmensuje
od 7.23% az po 2.06% haploidni sady. Zjistény typ determinace pohlavi je X0. Pohlavni

chromosom je akrocentricky a tvofi 5.70% haploidni sady.

4.5. Cheliferidae

Chelifer cancroides (Linnaeus, 1758)

Diploidni pocet chromosomt samce je 59 (Obr. 4G). Mitotické metafaze samic se skladaji
z 60 chromosomil (Obr. 4H). U samcii byla pozorovéna jen profaze prvniho meiotického
déleni. V diplotene byl pozorovan napadny univalent (Obr. 4G), ktery naznacuje
chromosomtl byly ziskdny u samic. Primarni konstrikce v§ak nejsou na mitotickych
chromosomech samic vzdy dobie patrné. Pfedbézna méteni ukazuji, Ze karyotyp obsahuje
vSechny morfologické typy se zietelnou pfevahou metacentrickych chromosomt. Celkem
bylo zjisténo 17 part metacentrickych, 4 pary submetacentrickych, 2 pary subtelocentrickych
a 7 part akrocentrickych chromosomii. S vyjimkou nejvétsiho chromosomového paru (5.74%
haploidni sady) se velikost chromosomil plynule zmensSuje od 4.82% az po 1.69% haploidni
sady. Na standardné barvenych chromosomovych preparatech mitotickych metafazi samic

nebylo mozné rozpoznat pohlavni chromosomy X.

Dactylochelifer latreillei (Leach, 1817)

Diploidni pocet samce je 55 (Obr. 4A). V metafézi II jsou zastoupeny vSechny
morfologické typy chromosomti. Karyotyp obsahuje celkem 11 pard metacentrickych, 6 pari
submetacentrickych, 2 pary subtelocentickych, 8 part akrocentrickych autosomti a jeden
metacentricky pohlavni chromosom X. Velikost autonomovych pari se plynule zmensuje od
5.92% po 1.68% haploidni sady. Pohlavni chromosom X vynika svou velikosti, tvoii 8.18%
haploidni sady.
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Pohlavni chromosom bylo moZno rozpoznat jiz v interfazi, pted vlastnim meiotickym
délenim, jako napadny positivné heteropyknoticky pohlavni vesikul (Obr. 4B). B€hem ¢asné
profaze prvniho meiotického déleni (zygotene a pachytene) zlstava tato positivni
heteropyknosa zachovéana a pohlavni chromosom se postupné rozbaluje, pfi¢emz paruje svymi
konci (Obr. 4C, 4D). V diplotene (Obr. 4E) a metafazi II (Obr. 4F) jsou vSechny chromosomy

isopyknotické; pohlavni chromosom muze byt ale rozpoznan diky své velikosti.

Mesochelifer ressli Mahnert, 1981

Vzhledem k tomu, ze v diplotene samce byl pozorovan 1 univalent a 19 bivalentt (2n=
39), je mechanismus chromosomové determinace pohlavi i u tohoto druhu X0. Mitotické
metafdze samic sestavaji z 40 chromosomil (Obr. 4CH). Stejné€ jako u druhu Ch. cancroides 1
zde nezietelné primarni konstrikce ztézovaly morfometrickou analyzu samic¢ich metafazi.
Predbézna méteni ukazuji, ze se karyotyp samice sklada z 9 pari metacentrickych, 1 paru
submetacentrickych, 4 part subtelocentrickych a 6 parti akrocentrickych chromosomt. Prvni
chromosomovy par je ndpadné velikostné diferencovany, je dvakrat delsi (tvoii 13.78%
haploidni sady) nez par nasledujici. Velikost ostatnich chromosomovych parti se dale plynule
zmensuje od 6.82% az po 2.44% haploidni sady. Na zaklad¢ morfologie opét nebylo mozné

rozpoznat pohlavni chromosom v mitotickych metafazich samic.

4.6. Chernetidae

V ramci této celed¢ jiz byly publikovany vysledky ziskané u tii zastupcii rodu
Lasiochernes. Diploidni poc¢ty samcii téchto druhti se pohybuji od 61 do 73. V karyotypu
pfevazuji dvojramenné chromosomy a je pfitomen pohlavni typ ureni pohlavi X0. Pohlavni
chromosom je u vSech tfi druhit metacentricky napadny svou velikosti. Vysledky jsou

podrobné zpracovany v piilozené praci Stahlavsky et al. (2005) (viz Pfiloha 2).

Conicochernes crassus Beier, 1954

Karyotyp samce tohoto zapadoaustralského druhu se skladd z 69 chromosomii (Obr.
5A). Karyotyp sestaveny ze dvou dcefinnych metafazi II obsahuje 10 parti metacentickych, 5
part submetacentrickych, 15 pari subtelocentrickych, 4 pary akrocentrickych autosomt a

metacentricky pohlavni chromosom X. Velikost autosomt se plynule zmenSuje od 4.36% po
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1.90% haploidni sady. Pohlavni chromosom X je nejvétsi chromosom v karyotypu (tvoii

4.60%).

Dendrochernes cyrneus (L. Koch, 1873)

Diploidni pocet chromosomt samce je 57 (Obr. 5B). V karyotypu pievazuji
metacentrické chromosomy. Celkem bylo zji§téno 17 part metacentrickych autosomi a pouze
4 pary submetacentickych, 4 pary subtelocentrickych a 3 pary akrocentrickych autosomii.
Velikost autosomil se plynule zmensuje od 4.33% po 2.39% haploidni sady. U druhu D.
cyrneus byl zjistén chromosomovy systém urceni pohlavi typu X0. Metacentricky pohlavni
chromosom X je nejvetsi chromosom v karyotypu (tvoti 4.99% haploidni sady). Pohlavni
chromosom je v diplotene ndpadny svou negativni heteropyknosou a tim, Ze paruje svymi
konci (Obr. 5C). V metafazi II je pohlavni chromosom stale negativné heteropyknoticky, ale

intenzita heteropyknosy jiz neni tak vyrazné (Obr. 5D).

Dinocheirus panzeri (C. L. Koch, 1837)

Karyotyp samce obsahuje 77 chromosomi (Obr. 6A). Stejné jako u ostatnich zastupcti
této Celedi, jsou v karyotypu tohoto druhu zastoupeny vSechny morfologické typy
chromosomil. V dcefnnych metafazich II bylo pozorovano 11 parit metacentrickych, 13 part
submetacentrickych, 5 part subtelocentrickych a 9 part akrocentrickych autosomtl. Velikost
autosomdu se plynule zmensuje od 3.28% az po 1.64% haploidni sady. Chromosomovy systém
urceni pohlavi je typu X0. Metacentricky pohlavni chromosom X, napadny svoji velikosti

(tvoii 6.70% haploidni sady), je dvakrat delSi neZ nejdelsi autosomovy par.

Chernes nigrimanus Ellingsen, 1897

Karyotyp samce se sklada z 59 chromosomu (Obr. 6B). Metafaze II obsahuje pouze
dvouramenné chromosomy — 14 parit metacentrickych, 9 parii submetacentrickych a 6 part
subtelocetrickych autosomd; jejich velikost se zmenSuje plynule od 7.43% po 1.54%
haploidni sady. Metacentricky chromosom X je u tohoto druhu az druhy nejdelsi

chromosom karyotypu (tvoii 6.86% haploidni sady).

Pselaphochernes scorpioides (Hermann, 1804)
Diploidni pocet chromosomi samce je 41 (Obr. 6C). V jeho karyotypu pievazuji
submetacentrické chromosomy. Mitoticka metafdze samce obsahuje celkem 4 pary

metacentrickych, 13 parti submetacentrickych a 3 pary akrocentrickych autosomu.
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Chromosomovy systém urceni pohlavi je stejn€ jako u vSech ostatnich zastupci této celedi
typu X0. Pohlavni chromosom je metacentricky a nejvétsi v karyotypu (tvoii 7.56% haploidni

sady).

4.7. Chthoniidae

V ramci této ¢eledé byly publikovany vysledky u osmy druhii rodu Chthonius a druhu
Mundochthonius styriacus. Podrobné jsou zpracovany v piilozené praci Stahlavsky & Kral
(2004) (viz Ptiloha 3). V ramci rodu Chthonius diploidni pocet klesd od 35 do 21. Patrné z
puvodnéjsiho vyssiho poctu jednoramennych chromosomil 1ze odvodit dvojramenné
chromosomy vlivem pericentrickych inverzi. U druht s niz§im diploidnim poc¢tem je patrna
velikostni diferenciace chromosomi a da se tudiz predpokladat jejich vznik vlivem
centrickych a tandemovych fizi. Druh Mundochthonius styriacus mé oproti tomu karyotyp
sloZzeny pouze z vyssiho poctu (2n=37) dvojramennych chromosomu. Diky zminéné
variabilité karyotypli bylo mozno rekonstruovat fylogenetické vztahy mezi studovanymi
druhy. U obou rodut se vyskytuje chromosomovy typ urc¢eni pohlavi X0 s ndpadn¢ velkym X
chromosomem se stejnou morfologii a velikosti u vSech studovanych druhti. Déle byla

zjiSténa u vSech tii druhil achiasmatické meiosa.

Austrochthonius sp.

Karyotyp samce obsahuje 31 chromosomii (Obr. 7A). Meiosa samce je achiasmaticka;
bivalenty jsou charakteristické absenci chiasmat (Obr. 7A). V postpachytene byly pozorovany
celkem 2 metacentrické, 5 submetacentrickych, 5 subtelocentrickych a 3 akrocentrické
bivalenty. Prvni dva bivalenty jsou napadné del$i nez zbyvajici, tvoti 14.15% a 9.70%
haploidni sady. Velikost nasledujicich autosomovovych bivalentti se zmensuje plynule od
6.19% azZ po 1.13% haploidni sady. Pohlavni chromosom je metacentricky a patfi mezi vétsi
chromosomy v karyotypu, tvoii 9.47% haploidni sady.

V pachytene tvofi chromosom X napadn€ positivné heteropyknoticky pohlavni vesikul
(Obr. 7B). Na konci postpachytene je vSak jiz X chromosom pln¢€ rozvolnén a je
isopyknoticky s autosomy (Obr. 7C). Nélez achiasmatické meiosy u Austrochthonius sp.
ze zapadni Austréalie potvrzuje hypotézu, podle niz je achiasmatickd meiosa znakem typickym

pro celou &eled (Stahlavsky & Kral 2004).
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4.8. Larcidae

Larca lata (H. J. Hansen, 1884)

Diploidni pocet chromosomi samce i samice tohoto druhu je 66, s chromosomovym
typem determinace pohlavi XY (Obr. 7D, G). V karyotypu pievladaji dvojramenné
chromosomy. Ve dvou dcetfinych metatazich Il samce bylo pozorovano 17 para
metacentrickych, 8 part submetacentrickych a 7 part akrocentrickych autosomti. Oba
pohlavni chromosomy, tj. X 1Y, jsou metacentrické. Karyotyp je napadné velikostné
diferencovany na malé autosomy a velké pohlavni chromosomy. Velikost autosomu
v metafazi II samce se plynule zmensuje od 2.18% az po 0.99% diploidni sady. Pohlavni
chromosomy X a Y jsou oproti autosomiim napadné velikostné diferencované (tvoii 5.29% a
5.22% diploidni sady).

Béhem redukéniho déleni se pohlavni chromosomy od autosomll ndpadné lisi, a to nejen
svou velikosti, ale i heteropyknosou a zptisobem parovani. Béhem ptechodu z pachytene do
difusniho stadia jsou pohlavni chromosomy napadné positivné heteropyknotické. Je zajimavé
Ze spolu piimo neparuji nybrz jen lezi v tésné blizkosti (Obr. 7E). V nésledujici diplotene jsou
vSechny chromosomy isopyknotické a zatimco vSechny autosomy tvoii standardni bivalenty,

pohlavni chromosomy jsou od sebe velmi vzdalené (Obr. 7F).

4.9. Neobisiidae

Neobisium carcinoides (Hermann, 1804)

U tohoto druhu byly zjistény tfi odlisné karyotypové rasy (I-1II). Vzhledem
k markantnim rozdilim v poctu a v morfologii chromosomti a vzhledem k odlisSnym typtim
chromosomového urceni pohlavi se ale jedna spiSe o tii karyotypové dobte diferencované
druhy. Pro jejich velmi uniformni vnéjsi morfologii je taxonomické postaveni téchto ras zatim
ne zcela vyjasnéné (viz Ptiloha 4), a proto jsou zde oznaceny pouze jako karyotypové rasy

druhu N. carcinoides. Zjistény vyskyt téchto ras je znazornén na obr. 8.

chromosomova rasa I
Karyotypy samce i samice obsahuji 70 chromosomt (Obr. 9A). Dvé dcefinné metafaze
IT zahrnuji 23 part metacentrickych, 7 parti submetacentrickych, 1 par subtelocentrickych a 3

pary akrocentrickych autosomil. U této formy se velikost autosomil zmensuje plynule od
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2.19% do 0.82% diploidni sady. Chromosom X je metacentricky a patii mezi jedny

z nejvétsich chromosomu v karyotypu (2.01% diploidni sady). Akrocentricky chromosom Y
na rozdil od chromosomu X patii mezi nejmensi chromosomy v karyotypu (0.84% diploidni
sady). V diplotene jsou pohlavni chromosomy sice isopyknotické, ale pfesto jsou snadno

odlisitelné jelikoz tvofi napadny heteromorfni bivalent (Obr. 9D).

chromosomova rasa II

Diploidni pocet chromosomil samce chromosomové rasy III je 2n=54 (Obr. 9B).
V dcetinnych metafazich II bylo pozorovano 11 part metacentrickych, 5 para
submetacentrickych, 3 pary subtelocentrickych a 7 part akrocentrickych autosomi. Prvni dva
pary autosomil se velikostné vyrazné odliSuji, nebot’ jsou tfikrat dels§i nez nésledujici
autosomové pary a predstavuji tak v karyotypu nédpadné ,,makrochromosomy* (tvoii 6.37% a
6.13% diploidni sady). Velikost zbyvajicich autosomt se plynule zmensuje od 2.05% az po
1.03% diploidni sady. Chromosomova rasa III se vyznacuje systémem XY, pficemz oba
pohlavni chromosomy jsou velikostné i morfologicky dobte diferencovany. Submetacentricky
pohlavni chromosom X tvoii 5.94% , zatimco subtelocentricky chromosom Y 5.22%.
V diplotene jsou vSechny chromosomy isopyknotické, pohlavni chromosomy jsou ale snadno

rozeznatelné jako napadny heteromorfni bivalent (Obr. 9E).

chromosomova rasa II1

Karyotyp samce se sklada z 65 chromosomi (Obr. 9C). Dcetinné metafaze II obsahuji
celkem 21 metacentrickych part, 3 submetacentrické pary, 1 subtelocentricky par a 7
akrocentrickych part autosomu. Na rozdil od ptedeslé formy je prvni par autosomi vyrazné
velikostné diferenciovany v ndpadny ,,makrochromosom® (5.09% diploidni sady) - vice nez
dvojnasobné delsi nez nasledujici par. Velikost zbyvajicich autosomovych part se plynule
zmenSuje (od 2.25% do 1.04% diploidni sady). U chromosomové rasy II se na rozdil od obou
dalSich chromosomovych ras N. carcinoides vyskytuje mechanismus determinace pohlavi
typu X0. Pohlavni chromosom X je submetacentricky a nejmensi v karyotypu (0.87%

diploidni sady). V diplotene jsou vSechny chromosomy isopyknotické (Obr. 9F).
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Neobisium erythrodactylum (L. Koch, 1873)

Karyotyp samce tohoto druhu se sklada ze 44 chromosomt (Obr. 10A). V dcefinnych
metafazich II bylo pozorovano 14 part metacentrickych, 2 pary submetacentrickych a 5 part
akrocentrickych autosomtl. Chromosomy jsou napadné velikostné diferenciované. Prvni tfi
autosomové pary jsou napadné delsi (,,makrochromosomy*‘) a tvoifi dohromady jednu tetinu
celkové délky chromosomtl v karyotypu. Velikost nasledujicich autosomovych parti se
plynule zmensSuje od 4.84% po 2.12% diploidni sady. Mechanismus chromosomového urceni
pohlavi druhu N. erythrodactylum je typu XY. Pohlavni chromosom X je submetacentricky,
chromosom Y je subtelocentricky. Pohlavni chromosomy jsou stejné jako prvni tfi
autosomové pary nadpadné delsi nez zbyvajici autosomy. Pohlavni chromosomy v diplotene

lze dobfe rozeznat, jelikoZ tvofi napadny heteromorfni bivalent (Obr. 10B).

Neobisium fuscimanum (C. L. Koch, 1843)

Karyotyp samce obsahuje 49 chromosomii (Obr. 10D), pficemz v metafazi 11 prevladaji
akrocentrické chromosomy. Autosomova sada je tvofena 1 parem metacentrickych, 3 pary
submetacentrickych, 1 parem subtelocentrickych a 19 pary akrocentrickych autosomi. Stejné
jako u nekterych jinych zastupct rodu se v karyotypu druhu N. fuscimanum nevyskytuji
napadné ,,makrochromosomy*, velikost chromosom se ale zmensuje plynule od 3.69% po
1.26% diploidni sady. Z analyzy dcefinych jader v metafazi II vyplyva, ze u tohoto druhu je
pritomen jediny metacentricky chromosom X; chromosomovy typ determinace pohlavi je XO.

Vsechny chromosomy v diplotene jsou isopyknotické (Obr. 10C).

Neobisium polonicum Rafalski, 1936

Diploidni pocet chromosomil samce je 71 (Obr. 11A). Dcefinné metafaze 11 samce
obsahuji celkem 13 parit metacentrickych, 14 parti submetacentrickych, 5 part
subtelocentrickych a 2 pary akrocentrickych autosomt. Autosomové pary plynule zmensuji
svoji velikost od do. Ze studia meiotického déleni samce, konkrétné€ diplotene a metafaze I,
vyplyva, Ze se u tohoto druhu pravdépodobné vyskytuje komplikovanéjsi typ determinace
pohlavi nez pouze XY nebo X0, ziejme systém s neopohlavnimi chromosomy. V diplotene
vynikd svou velikosti jeden heteromorfni bivalent a jeden univalent, pficemz mezi nimi

nebylo pozorovéano parovani (Obr. 11B).
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Roncus lubricus L. Koch, 1873

Stejné jako v ptipad€ druhu N. carcinoides ze stejné Celedi, 1 zde bylo zjiSténo vice
chromosomovych ras (I, I) u materialu determinovaného podle souc¢asnych znalosti jako R.
lubricus. 1 v tomto pripade se jedna o karyotypoveé dobie diferenciované druhy, které se lisi
v nejen poctu chromosomi, ale také typy chromosomového urceni pohlavi. S ohledem na
zatim nevyjasnénou taxonomickou pozici jsou zde opét provizorné oznaceny jako

chromosomové rasy.

chromosomova rasa |

Diploidni pocet samce této rasy je 23 (Obr. 12A), s pfevahou metacentrickych
chromosomil. V dcefinnych metafazich II samce 1ze rozlisit celkem 9 pard metacentrickych a
2 pary submetacentrickych autosomtl. Autosomy plynule zmensuji svoji velikost od 6.34% az
po 2.46% diploidni sady. Chromosomovy typ uréeni pohlavi je X0, pfi¢emz metacentricky
pohlavni chromosom X je napadny svoji malou velikosti v porovnani s autosomy (tvoii pouze
1.51% diploidni sady). Béhem ranné profaze je ndpadné positivné€ heteropyknoticky (Obr.
12B), zatimco v diplotene negativné heteropyknoticky (Obr. 12C).

chromosomova rasa II

Diploidni pocet chromosomi samce i samice je 20, pievazuji metacentrické
chromosomy (Obr. 12E). Dcefinné metafaze Il samce obsahuji 6 parti metacentrickych a 3
pary submetacentrickych autosomt, jejichz velikost se plynule zmensuje od 5.91% az po
4.03% diploidni sady. U této formy byl nalezen typ chromosomového uréeni pohlavi XY.
Pohlavni chromosom X (5.99% diploidni sady) je metacentricky, zatimco Y je
submetacentricky (4.27% diploidni sady). Pohlavni chromosomy se svoji velikosti vyrazné
nelisi od autosomu a jsou tak dobte odliSitelné jen béhem péarovani v prubehu prvniho

meiotického dé€leni, kdy vytvareji ndpadny heteromorfni bivalent (Obr. 12D).

Roncus transsilvanicus Beier, 1928

Karyotyp samce tohoto karpatského druhu se sklada z 43 chromosomi s pievahou
akrocentrickych chromosomti (Obr. 13A). Dcefinné metafaze II samce obsahuji celkem 2
pary metacentrickych, 2 pary submetacentrickych, 3 pary subtelocentrickych a 14 para
akrocentrickych autosomtl. Metacentricky pohlavni chromosom X je nejmensim
chromosomem karyotypu. V leptotene (Obr. 13B) je napadny svoji positivni heteropyknosou,

zatimco v diplotene je isopyknoticky a vynika pouze jeho mala velikost (Obr. 13C).
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4.10. Olpiidae

Tato celed’ je typicka redukci poctu chromosomil. V ramci deseti studovanych druhii z
osmi rodil se diploidni pocet pohybuje od 7 do 23. Ptes tak velké zmény v karyotypu je
zachovan systém chromosomového urceni typu X0. U vétSiny druhti je zachovana
konzervativni metacentrickd morfologie X. Se snizujicim se poctem chromosomti byl zjistény
narist po¢tu chiasmat na bivalent (az 5 na bivalet u Xenolpium sp.), i kdyz zadna ptima
zavislost nebyla dokazana. Zajimava je také napadnd podobnost karyotypti dvou zéastupcti
rodu Olpium a druhu Xenolpium sp.

Vysledky ziskané u této &eledé jsou podrobné zpracovany v pfilozené praci Stahlavsky

et al. (2006) (viz Priloha 3).
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5. SOUHRN A DISKUSE

V ramci predkladané disertacni prace bylo karyotypovéano celkem 51 druhi a forem
Stirkti. Ziskané vysledky ukazuji Ze Stirci jsou faddem pavoukovcl, ktery se vyznacuje velkou
mezidruhovou variabilitou karyotypu. Jednotlivé druhy se mezi sebou vyrazné lisi nejen
poctem a morfologii chromosomt, ale v n¢kterych piipadech 1 chromosomovym typem urceni

pohlavi (Celed’ Neobisiidae).

5.1. Pocet chromosomu

Diploidni pocet chromosomi §tirkli se pohybuje mezi 7 (Olpium pallipes, O. turcicum a
Indolpium sp.) (Olpiidae) (Stahlavsky et al. 2006) a 137 (Oratemnus sp.)(Atemnidae).

S takovym rozsahem diploidnich poctt se u ostatnich fadt pavoukovct setkavame jen u Stirt,
kde se diploidni poéty pohybuji mezi 6 (White 1973) a 175 (Shanahan 1989b). Stifi jsou také
stejné nizky pocet chromosomtl jako u Stirk(i mizeme nalézt nejen u Stirti, ale i u pavouka
Ariadna lateralis (Segestriidae; 2n=7) (Suzuki 1954) nebo u nékterych roztoct podiadu
podiadu Acariformes, u n€kterych zastupct doslo k redukci diploidnich poctii na pouhé 4
chromosomy (Norton et al. 1993). Karyotypy pavoukovct s nizkym poctem chromosomu
jsou s vyjimkou mesostigmatnich roztoct slozeny z holocentrickych chromosomd, které u
Stirki nebyly prokazany.

V ramci jednotlivych ¢eledi Stirkl se chromosomové pocty jiz tak vyrazné€ nelisi (viz
pocty chromosomti se vyskytuji u ¢eledi Olpiidae. V této ¢eledi se diploidni pocet
chromosomil pohyboval mezi 7 a 23. Redukci chromosomového poctu se vyznacuje také
celed’ Geogarypidae (2n=15-23). U €eledi Chthoniidae se vyskytuje také nizsi pocet
chromosomii, mezi 2n=10 (Lee & Seo 1995) a 2n=38 (Stahlavsky & Kral 2004). Dalsi &eledi
se vyznacuji jiz vys§imi pocty. Primérny diploidni pocet celedi Cheliferidae (2n=39-61),
Chernetidae (2n=41-79) a Cheiridiidae (2n=41-50) leZzi jiz v oblasti primérného poctu
chromosomil u $tirk® (44 chromosomt). Podobné¢ je tomu i u ¢eledi Neobisiidae, u které bylo
zjisténo nejvetsi rozpéti diploidnich poctl viibec (2n=20-71). V ramci dvou studovanych roda
této Celedi pocet chromosomil jiz tak vyrazné nekolisd — u rodu Roncus od 20 do 51 a u rodu

Neobisium od 44 do 71. U jediného studované¢ho druhu ¢eledi Larcidae (Larca lata) je
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diploidni pocet 66. Nejvyssi pocet chromosomil byl zjistén u Celedi Atemnidae (93-137).
S vyjimkou ¢eledi Chthoniidae, u niz ptevazuji akrocentrické chromosomy, se v karyotypech
Stirkti vyskytuji vétSinou v§echny morfologické typy chromosomt.

Jak bylo jiz zminéno Stirci se vyznacuji velkou mezidruhovou variabilitou v poctu
chromosomil. Vnitrodruhova variabilita nebyla podrobné studovéana. Charakter variability u
druhli Neobisium carcinoides a Roncus lubricus, neodpovidala vnitrodruhovému
polymorfismu, ktery je ¢asto popisovan naptiklad u sek&ct (Tsurusaki 1989) nebo u §tirt
(White 1973). Jednotlivé chromosomové formy téchto druht se zna¢né 1i$i nejen pocty a
morfologii chromosomt, ale i chromosomovymi typy urceni pohlavi, coz ukazuje na to, ze se
jedna o komplexy kryptickych druhti. Tento zavér podporuje i zjisténi, ze se nékteré z téchto
forem vyskytuji sympatricky bez existence hybridnich individui. Podrobna analyza druhovych
komplexti nebyla cilem disertacni prace, presto se pomoci studia karyotypli podafilo ¢aste¢né
rozkryt situaci u druhu N. carcinoides, a to diky dopliikovému jednoletému grantovému
projektu (viz Ptiloha 4). U tohoto bézného druhu byly ve stiedni Evropé objeveny tfi vyrazné
odli$né chromosomové formy (Obr. 8). U dvou z nich byla po karyologické analyze
provadéna analyza morfologickych a morfometrickych znakd. Diky tomu se podatilo odhalit
rozdily i na téchto urovnich. Tento postup umozni nalézt morfologické a morfometrické
rozdily i u typovych exemplait a detekovat tak kryptické druhy 1 ve starSim muzejnim
materialu, u kterého neni mozné provést karyologickou analyzu. Podobny postup je dnes jiz
nepostradatelny v taxonomii a odkryvani kryptickych druht u mnoha skupin organism,
rostlin 1 zivo¢ichtl (napt. Neffa & Fernandez 2002, Dobigny et al. 2002, Fagundes et al. 2000,
Kambahampati et al. 1996)

5.2. Pohlavni chromosomy

VétSina studovanych skupin Stirkdt ma velmi uniformni systém chromosomové
determinace pohlavi. Jedna se o systém X0, jez se jevi jako fyogeneticky ptivodni vzhledem
k tomu, Ze se vyskytuje u 85 % vsech studovanych druhi a také proto ze se vyskytuje u
ruznych, ¢asto i neptibuznych ¢eledi. Se syst¢émem X0 se u pavoukovct setkavame bézné i u
nékterych roztocl, uvadi se i u jediného studovaného bi¢ovce, druhu Thelyphonus seriaris
(Makino 1951). U jinych tadt pavoukovct nebyl zatim nalezen s vyjimkou pavoukt u nichz
byl zjistén u 14 Celedi, celkem u 10% karyotypovanych druhti (Kral 1994). Pattern vyskytu
systému X0 u pavoukti ukazuje, zZe se u této skupiny jedna o sekundarni stav, vznikajici

fizemi ze systému X;X,0, ktery je u pavoukll povazovany za pivodni (Suzuki 1954).
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Je zajimavé, ze chromosom X Stirkti vykazuje velmi uniformni morfologii, ve vétSiné
ptipadl se jedna o metacentricky chromosom. U celedi s vy$S§im poctem chromosomi (2n >
40), tj. Atemnidae, Cheliferidae a Chernetidae, si tento chromosom dokonce ptiblizné
zachovava svou relativni velikost (primér + SD = 6.8% =+ 1.2) (Obr. 16). Se snizujicim se
poctem chromosomu dochazi ke zvétSovani relativni velikosti pohlavniho chromosomu, coz
je patrné nejvice u karyotypovanych zastupci ¢eledi Olpiidae (Obr. 16). ZvétSovani
pohlavniho chromosomu v karyotypové evoluci $tirkii mohlo byt zptisobeno adici
autosomového materidlu na pohlavni chromosom nebo duplikacemi nékterych jeho ¢asti.
Prvni hypotéze odpovida chovani chromosomu X v sam¢im meiotickém déleni u celedi
Geogarypidae. V €asné profazi I nalezneme u této ¢eledi na chromosomu X mohutny
heteropyknoticky blok (Stahlavsky et al. 2006), ktery se svou relativni velikosti (okolo 4%

z celkové délky chromosomt haploidni sady u druhu Geogarypus sp.) blizi predpoklddanému
puvodnimu chromosomu X (Obr. 16). Na rozdil od zbylé ¢asti chromosomu X vykazuje tento
blok podobny pribéh kondenzace a heteropyknosy jako pohlavni chromosom X u jinych
Stirkh. Adice autosomového materidlu na pohlavni chromosom se vyskytovala ¢asto napt. v
evoluci savcll (Graves et al. 1998, Ayling & Griffin 2002). Chromosomové piestavby mezi
puvodnimi pohlavnimi chromosomy a autosomy vedly patrné i ke vzniku chromosomového
urceni pohlavi typu XY u celedi Neobisiidae a zfejme 1 Larcidae. V téchto pfipadech se tedy
pravdépodobné jedna o neopohlavni systémy. Ke vzniku neopohlavnich systémi doslo
pavdépodobné v evoluci Stirki rodt Neobisium a Roncus nékolikrat (Obr. 18). V ramci celedé
Neobisiidae se vyskytuje nejen typ X0 a XY, ale i dosud presné nespecifikovany

komplikovany systém se tfemi pohlavnimi chromosomy (Neobisium polonicum) (Obr. 17).

5.3. Priibéh meiosy

Rozmanitosti karyotypt Stirkdt odpovidé diversita meiotickych procesi. Jedna se
zejména o rozdily v chovani pohlavnich chromosomti a vyskyt achiasmatické meiosy u
nékterych zastupcu.

Ptestoze se nepodatilo u vSech studovanych druhti vysledovat cely priabeh meiotického
déleni, u vétSiny Celedi se vyskytuji vyrazné variace v pritbéhu heteropyknotického cyklu
pohlavniho chromosomu X. Pohlavni chromosom X (stejné tak i chromosomy X a Y) je
patrny velmi ¢asto jiz v premeiotické interfazi jako positivné heteropyknoticky pohlavni
vesikul (napft. obr. 4B). Positivni heteropyknosa pohlavnich chromsoomu se projevuje 1

béhem ranné profaze prvniho meiotického déleni. V leptotene a zygotene se pohlavni vesikul
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postupné rozbaluje. U druhti s velkym X ramena pohlavniho chromosomu navzajem paruji.
Béhem pachytene toto parovani zanika, ale heteropyknosa zlstava u vétSiny druhti i nadale
zachovana. V nésledujici diplotene je pohlavni chromosom vétSinou jiz isopyknoticky, pouze
ojedinéle pretrvava positivni heteropyknosa (Atemnus politus: Atemnidae) nebo se objevuje
negativni heteropyknosa (Dendrochernes cyrneus: Chernetidae, Larca lata: Larcidae).
Positivni heteropyknosa chromosomu X se objevuje opét v metafazi Il a anafézi II, konkrétné
u Celedi Chthoniidae, Geogarypidae, Larcidae a druhu Lasiochernes pilosus z ¢eledi
Chernetidae. U jinych druht se v metafazi II objevuje negativni heteropyknosa
(Dendrochernes cyrneus: Chernetidae, Garypinus dimidiatus: Garypinidae). Z uvedeného je
zjevneé, ze zékonitosti komplikovanych heteropyknotickych cykli pohlavniho chromosomu
Stirk budou muset byt jeSté podrobnéji studovany. To se tyka také difusniho stadia, které
bylo zatim zjisténo u samci ¢eledi Geogarypidae, Olpiidae a Larcidae a které se vyskytuje u
Stirka patrné mnohem c¢astéji. Toto stadium byva klasifikovano jako zvlastni etapa profaze
prvniho meiotického déleni (Benavente & Wettstein 1980). Jadra difusniho stadia jsou
typickd znaénym stupném dekondenzace a zvySenou metabolickou aktivitou. U pavoukovc
bylo difusni stadium zjisténo pouze u nekterych pavouk (Suzuki 1954, Benavente &
Wettstein 1980), roztoct Celedi Acaridae (Haineman & Hughes 1970) a u sekac¢e Melanopa
unicolor (Sharma & Dutta 1959).

Vyrazné rozdily v pribéhu meiosy byly zjiStény u Stirkli ¢eledi Chthoniidae. U vSech
studovanych zastupcti byla nalezena achiasmaticka meoisa (Stahlavsky & Kral 2004). Tento
typ meiosy se vyskytuje vétSinou u heterogametického pohlavi, v diisledku absence
rekombinaci a nasledné chiasmat se v profazi prvniho meiotického déleni neobjevuje
diplotene a diakinese. Tento odvozeny typ meiosy se vyvinul nezévisle u riznych skupin
organismil (White 1973). V rdmci pavoukovcii byl zatim zjistén u vétSiny studovanych §tira
(Shanahan & Hayman 1990), voduli (Keyl 1957) a u pavouki ¢eledi Dysderidae a
Segestriidae (Benavente & Wettstein 1980, Rodriguez Gil et al. 2002). S vyjimkou nékterych
Stirh se tyto skupiny vyznacuji holocentrickymi chromosomy. U ostatnich ¢eledi Stirka se
vyskytuje normalni typ meiosy s chiasmaty. U stirkli s vy$§im poctem chromosomi vytvareji
bivalenty téméf vzdy jen jedno chiasma. Pouze nejvétsi pary autosomt tvoti obéas dve
chiasmata (napt. Lasiochernes pilosus: Chernetidae). U rodu Neobisium, typického vyraznou
diferenciaci velikosti chromosom, vykazuji “makrochromosomy* vzdy minimalné dvé
(Neobisium carcinoides forma II a III: Obr. 9E, F) nebo i tfi chiasmata (N. erythrodactylum:
Obr. 10B). Ke zvySeni poctu chiasmat dochazi i u druhii, u nichz se redukuje diploidni pocet

(Roncus: Neobisiidae Obr. 12D). V tomto piipadé mlze byt poCet chiasmat zvySen na dvé, tfi

24



(Geogarypidae), ¢i dokonce na pét chiasmat v ramci jednoho bivalentu (/ndolpium sp.:
Olpiidae). ZvySeni poctu chiasmat je ddno hlavné zvétSenim délky chromosomil, ¢imz se
zvysuje pravdépodobnost vzniku vice chiasmat (John 1990). V souladu s tim se maximalni
pocet chiasmat vyskytoval u velkych chromosomt druhu Indolpium sp. (Olpiidae), které

tvofily vice neZ jednu téetinu délky viech chromosomi v karytypu (Stahlavsky et al. 2006).

5.4. Evoluce karyotypu

Vzhledem k velké variabilit¢ v po¢tu a morfologii chromosomti je zatim tézké odvodit
evolu¢né ptvodni kartyotyp Stirkd. Jako vychozi stav se jevi karyotyp s vysS§im poctem
chromosomil (2n mezi 40-60) podobné velikosti. V plivodnim karyotypu pievazovaly ziejmé
dvouramenné chromosomy, systém chromosomového urceni pohlavi byl X0. Tento typ
karyotypu se objevuje u vétSiny studovanych skupin a je dominantni zejména u Celedi
Cheliferidae, Chernetidae, Neobisiidae a Cheiridiidae. V dalsi diferenciaci karyotypu se
uplatiiovaly rozmanité chromosomové piestavby, napt. centrické fuze, rozpad chromosomil,
pericentrické inverze, tandemové fiize a rizné piestavby mezi pohlavnim chromosomem a
autosomy. Na zaklad¢ ziskanych dat 1ze v analyzovaném souboru $tirkti rozeznat dva zékladni
trendy vyvoje karyotypu. Prvni trend je vyznaény Castymi centrickymi rozpady chromosomul
a zvySovanim poc¢tu chromosomu. Tento trend se uplatiioval zejména v karyotypové evoluci
Celedi Atemnidae, u které nachdzime nejvyssi pocty chromosomi u $tirkti (2n=137).
Polyploidisace neni v tomto ptipad¢ pravdépodobna. Pohlavni systém X0 celedi Atemnidae je
totiz morfologicky konzervativni stejné jako u vétSiny ostatnich $tirkli a nevykazuje zadné
zmény v disledku ptipadné polyploidizace. U ostatnich studovanych ¢eledi prevazoval
v evoluci karyotypu trend opacny, tj. snizovani poctu chromosomti. U vétSiny Celedi je patrné
snizovani poc¢tu subtelocentrickych a akrocentrickych chromosomt v karyotypu pii
zvySujicim se poctu metacentrickych a submetacentrickych chromosomt. Tento trend je
dobfe patrny zejména u skupin s vyssim poctem karyotypovanych druhti jako jsou celedé
Chthoniidae (Obr. 14A) a Neobisiidae (Obr. 15A, B). U celedi Chernetidae (Obr. 14B) se pii
snizovani diploidniho poctu snizuje celkovy poCet meta- a submetacentrickych chromosomi
(Obr. 14C), jejich procentudlni zastoupeni v karyotypu se ale zvySuje (Obr.14E). S klesajicim
2n se u této Celedi navic snizuje jak celkovy pocet subtelo- a akrocentrickych chromosomu
(Obr. 14D) tak i jejich relativni zastoupeni v karyotypu (Obr. 14F). To ukazuje na ucast
ruznych typt fiizi pti snizovani po¢tu chromosomul. U rodu Roncus (Neobisiidae), v jehoz

ancestralnim karyotypu pievazovaly ziejm¢ akrocentrické chromosomy, je nakonec karyotyp
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zcela nasycen dvouramennymi chromosomy ptisobenim centrickych fiizi (Obr. 15F a 18).
Situace u rodu Neobisium (Neobisiidae) je pon€kud jina. Stejné jako u Celedi Chernetidae
klesd béhem redukce 2n pocet dvouramennych chromosomi (obr. 15C), zaroven vsak klesa
jejich procentualni zastoupeni v karyotypu. Pocet subtelo- a akrocentrickych chromosomti je
ale vicemén¢ vyrovnany (Obr. 15E). Odchylku na obrazku 15E ptedstavuje N. fuscimanum,
ktery mé dosti odlisny karyotyp od ostatnich zastupct rodu.

Vysledky ziskané u blizce piibuznych druhti rodu Chthonius (Stahlavsky et al. 2004)
ukazuji, ze se z vychoziho karyotypu rodu, ktery se skladal pouze z akrocentrickych
autosomu, diferencovaly pericentrickymi inverzemi karyotypy se zastoupenim
dvouramennych chromosomti. Tato tendence se uplatnila nezavisle v karyotypech
morfologicky dobfe odliSitelnych linii rodu Chthonius, u podrodt Chthonius a
Ephippiochthonius. U podrodu Ephippiochthonius se v dalsich fazich evoluce uplatnily 1
centrické a tandemov¢ fiize, kterymi vzniklo v karyotypu nekolik part velkych
makrochromosomui (Stahlavsky & Kral 2004).

Na rozdil od ¢eledi Chthoniidae se u ¢eledi Neobisiidae uplatnily v evoluci karyotypu
také prestavby mezi autosomy a pohlavnimi chromosomy. Ugast téchto prestaveb lze
demonstrovat nejlépe v evoluci rodu Roncus. Budeme vychazet z vyse uvedeného
predpokladu, Ze u tohoto rodu dochazi k redukci poctu chromosomii, a to zejména pomoci
centrickych fiizi (Obr. 18). Na tento trend upozornil jiZ Troiano (1990, 1997), ktery naSel vice
metacentrickych chromosomil v karyotypu jeskynnich (tedy jednozna¢né odvozenych) druhi
nez v karyotypu jejich epigeickych predkl. Vychozi karyotyp rodu Roncus obsahoval tedy
vys$i pocet akrocentrickych autosomt a chromosomové urceni pohlavi bylo X0. Pohlavni
chromosom X byl ziejmé metacentricky podobné jako u €eledi Chernetidae, Cheliferidae
nebo Cheiridiidae, u nichz tvoii vice nez 5-6% haploidni sady (obr. 16). Vychozi karyotyp
rodu Roncus se tak podobal nejvice druhu R. andreinii (2n=51, X0) (Troiano 1990). V dalsi
evoluci dochézelo k redukci diploidniho poctu (Obr. 18). Tento smér evoluce je dobie patrny
pfi srovnani karyotypu R. andreinii a blizce piibuzného druhu R. gestroi (2n=43, X0).
Predpoklada se, ze R. gestroi vznikl ptimo z druhu R. andreini poptipadé vznik obou druhti ze
spole¢ného piedka (Troiano 1997). I kdyz ma R. gestroi nizsi poc¢et chromosomtl, je jeho
karyotyp jinak velmi podobny druhu R. andreinii. Na rozdil od néj ma sice navic pfitomny 3
pary metacentrickych a 2-3 pary submetacentrickych chromosomt, FN obou druhii (56) je ale
totozné a ndpadna je i morfologicka podobnost nékterych autosomovych part a pohlavnich
chromosomtl (Troiano 1997). Smér karyotypové evoluce je zde zcela jasny vzhledem k tomu

ze R. gestroi je troglobiontni druh. U dal$iho severoitalského druhu R. tuberculatus (2n=40,
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XY) (Troiano 1990) byla redukce poctu chromosomii doprovazena patrné fizi pohlavniho
chromosomu s jednim autosomovym parem (Obr. 18). Tomuto faktu nasvédcuje porovnani
velikosti pohlavnich chromosomtl, rozdil jejich relativnich velikosti (X - Y = 3.43%) se totiz
blizi velikosti chromosomu X druhu R. andreinii. U druhli R. transsilvanicus (2n=43,X0) a R.
binaghii (2n=25, X0) k podobnym piestavbam mezi pohlavnimi chromosomy a autosomy
nedoslo, hlavnim mechanismem snizovéani poctu chromosomi zde byly patrné pouze
centrické flize (obr. 18). Flizi chromosomu X s autosomovym parem lze pfedpokladat

v evoluci druhového komplexu R. /ubricus. Rozdil relativni velikosti pohlavnich chromosomi
u formy II (2nd=20, XY) (X - Y = 1.62%) se opé&t napadné blizi relativni velikosti
chromosomu X formy I (2n3=23,X0) (X tvoii 1,51% diploidni sady). Posledni dva studované
druhy rodu, R. inguanus (2n=24, XY) a R. belluatii (2n=22, XY') podporuji opé&t teorii
postupné redukce poctu chromosomti pomoci centrickych fizi (Troiano 1997). Oba druhy
maji velmi podobné karyotypy. Chromosomové urceni pohlavi je XY, pohlavni chromosomy
maji podobnou morfologii. Druh R. belluatii s nizSim po¢tem chromosomi je troglofil, a
ptedstavuje tedy v tomto druhovém paru odvozenou formu. Morfologii pohlavnich
chromosomil X a Z téchto druhil nelze v§ak odvodit pomoci jednoduchych piestaveb mezi
autosomy a pohlavnim chromosomem X jako u druhu R. tuberculatus a formy II druhu R.
lubricus. Z rekonstrukce karyotypové evoluce rodu Roncus vyplyva, ze v evoluci této skupiny
doslo nejméné ttikrat k vytvoreni neopohlavniho systému XY. Tuto hypotézu vSak bude
zapotiebi podpofit nezavislou analyzou molekularnich a morfologickych znaki a také pomoci
detailngjsiho studia pohlavnich chromosomi pomoci pruhovacich metod a FISH.

Vyraznou diferenciaci karyotypu mizeme ptedpokladat i u rodu Neobisium ze stejné
¢eledi. Situace u tohoto rodu neni vSak tak detailn€ dokumentovéna jako u rodu Roncus. 1 zde
se vyskytuji rizné typy chromosomového urceni pohlavi s pohlavnimi chromosomy o rtizné
morfologii (Obr. 17). Na rozdil od rodu Roncus je v evoluci rodu Neobisium velmi napadna
tendence ke vzniku ndpadnych makrochromosomd, a to zfejmé mnohocetnymi

chromosomovymi fuzemi.
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6. ZAVERY

1. Pro studium karyotypu §tirkl je u vétSiny druhti nejvhodnéjsi doba rozmnozovani. Ve
stitedni Evrop¢ se da v tomto obdobi (duben — ¢erven) u vétsiny druhti ziskat z gonad samcti 1
samic dostacujici mnozstvi spermatogonialnich mit6z a u samci i riizna meioticka stadia
vhodna pro analyzu karyotypu.

2. Priméarni konstrikce fady druhti jsou drobné a obtizn¢ detekovatelné. Pro presné
vyhodnoceni morfologie chromosomtl jsou proto daleko vhodné&jsi metafaze Il samcii. V této
fazy jsou chromatidy chromosomt spojeny pouze v oblasti centromer, poloha primarnich
konstrikci se tedy da ptesné stanovit.

3. Stirci jsou charakteristiéti velkou mezidruhovou variabilitou v poétu a morfologii
chromosomil. Diploidni pocet chromosoml se v ramci celého fadu pohybuje od 7 az po 137.
¢eledi Chthoniidae (2n=10-38), Geogarypidae (2n=15-23) a Garypinidae (2n=33). Nejvyssi
pocty chromosomt ma celed’ Atemnidae (2n=93-137).

4. Pivodnim systémem chromosomového urceni pohlavi §tirkid je patrné X0. S vyjimkou
celedi Larcidae byl tento systém nalezen u vSech studovanych celedi. V ramci celedi
Neobisiidae a Larcidae byl zjistén také systém XY, jez vznika pravdépodobné prestavbami
mezi chromosomem X a autosomy.

5. Pohlavni chromosom se v pribéhu meiosy vyznacuje komplikovanym heteropykno-
tickym cyklem. Chromosom X je v interfazi pted meiosou a rannych stadiich profaze I vzdy
napadné positivne heteropyknoticky. V nasledujicich etapach je pribéh heteropyknosy rizny.
U celedi Olpiidae, Larcidae a Geogarypidae bylo mezi pachytene a diplotene pozorovano
difusni stadium, charakteristické intensivni dekondensaci chromatinu. Celed’ Chthoniidae je
na rozdil od ostatnich Celedi stirkii charakteristickd achiasmatickym typem meiosy, u samcti
jako hetarogametického pohlavi nedochazi v disledku absence rekombinaci ke vzniku
chiasmat.

6. Ancestralni karyotyp Stirkii se skladal patrné€ z vyssiho poctu chromosomt (2n mezi 40-
60), prevazovaly dvouramenné chromosomy, systém chromosomového urceni pohlavi byl typ
X0. Z tohoto ptedpokladaného vychoziho stavu se karyotypy diferencovaly zvySovanim ¢i
snizovanim diploidniho po¢tu chromosomii. U ¢eledi Atemnidae dochédzelo patrné ke
zvySovani poctu chromosomd, a to nejspise centrickym rozpadem chromosomti. Pti snizovani

poctu chromosomtl, které se vyskytuje ve zbylych vétvich, se uplatiiovaly zejména centrické a
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tandemov¢ fiize, pericentrické inverze, a prestavby mezi pohlavnim chromosomem a
autosomy.

7. Studium karyotypii se ukazuje byt vhodnym ndstrojem pro studium piibuzenskych
vztahti blizce ptibuznych druht stirkd atedy i pro studiumkomplext kryptickych druhi. Jedna
se tedy operspektivni ptistup, ktery by mohl byt vyuzit k feseni ¢etnych taxonomickych

problémt tohoto morfologicky uniformniho fadu.
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Karyotypes of pseudoscorpions (Arachnida, Pseudoscorpiones) are largely unknown. Here we describe for the first time
karyotypes of the suborder Epiocheirata, represented by 9 European species of two genera of Chthoniidae, Chthonius and
Mundochthonius. Diploid chromosome numbers of males range from 21 to 37. Karyotypes of both genera differ
substantially. Acrocentric chromosomes predominate in karyotypes of the genus Chthonius, whereas M. styriacus exhibits a
predominance of metacentric chromosomes. These differences suggest that the two genera belong probably to distant
branches of the family Chthoniidae. It is proposed that karyotype evolution of the genus Chthonius was characterised by a
reduction of chromosome numbers by tandem and centric fusions as well as gradual conversion of acrocentric chromosomes
to biarmed ones, mostly by pericentric inversions. A tendency towards reduced chromosome numbers is evident in the
subgenus Ephippiochthonius. All species display X0 sex chromosome system that is probably ancestral in pseudoscorpions.
The X chromosome exhibits conservative morphology. It is metacentric in all species examined, and in the majority of them,
a subterminal secondary constriction was found at one of its arms. In contrast to chthoniids, secondary constriction was not
reported on sex chromosomes of other pseudoscorpions. Analysis of prophase I chromosomes in males revealed an
achiasmatic mode of meiosis. Findings of the achiasmatic meiosis in both genera, Chthonius and Mundochthonius, indicate
that this mode of meiosis might be characteristic of the family Chthoniidae. Amongst arachnids, achiasmatic meiosis has
only been described in some scorpions, acariform mites, and spiders.

Frantisek Stahlavsky, Department of Zoology, Faculty of Sciences, Charles University, Viniéna 7, Prague 2, CZ-128 44, Czech

Republic. E-mail: stahlf@natur.cuni.cz

Knowledge of the cytogenetics of arthropods has
considerably expanded over the past few decades.
Nevertheless, karyotypes of some groups are still
poorly understood or are completely unavailable.
This is especially true for some groups of Arachnida,
one of the major classes of arthropods. While the first
karyotypes of arachnids had been described by the end
of 19th century (CArRNOY 1885), the subsequent rate
of karyological descriptions has been low, and the
karyotypes of only about 1000 species of arachnids are
currently known. The bulk of descriptions are con-
fined to just a few orders, spiders (Araneae), mites
(Acari), harvestmen (Opiliones), and scorpions (Scor-
piones), whilst, the karyology of the other orders is
largely or even completely unknown (KRAL 1994).
Pseudoscorpions (Pseudoscorpiones) represent the
fourth largest order of arachnids. More than 3200
species are currently recognised, classified into 24
families within the suborders Epiocheirata and Io-
cheirata (HARVEY 1992). Observations on these small
predators (their body length rarely exceedes 1 cm) are
relatively restricted despite their presence in a vast
majority of terrestrial biotopes from all over the world

where they are important predators on other small
invertebrates (WEYGOLDT 1969).

Pseudoscorpions appear to be poorly explored
karyologically, and the karyotypes of only 9 species
in 3 families, Neobisiidae, Cheliferidae and Cherneti-
dae, have been published. Basic information about
pseudoscorpion chromosomes was presented by
Sokorow (1926) and Boissin and MANIER (1966).
However, these authors focused mainly on oogenesis
and spermatogenesis of certain species. SOKOLOW
(1926) describe the karyotypes and the course of
meiosis in Neobisium carcinoides (Neobisiidae) and
Dendrochernes cyrneus (Chernetidae), whilst Boissin
and MANIER (1966) presented the karyotype of
Hysterochelifer meridianus (Cheliferidae). TrRo1ANO
(1990, 1997) presented detailed data on six Italian
species of the genus Roncus (Neobisiidae). He also
analysed the behaviour of sex chromosomes during
meiosis and outlined probable modes of karyotype
evolution within the genus.

The results presented by these authors suggest that
the karyotypes of pseudoscorpions exhibit great
diversity of diploid chromosome numbers (2n of males
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range from 22 to 67), and males represent the
heterogametic sex. Pseudoscorpions are further char-
acterized by considerable interspecific variability of
chromosome numbers, and occurrence of two sex
chromosome systems, X0 and XY. The sex chromo-
somes are often distinguishable morphologically and
are remarkable for their special behaviour during male
meiosis. During male prophase I, they lie on the
periphery of the nucleus and exhibit positive hetero-
pycnosis.

All of the pseudoscorpion species studied to date
belong to the suborder Iocheirata, whereas the kar-
yology of pseudoscorpions of the suborder Epiocheir-
ata has not yet been studied. In order to fill this gap,
we have focused on the family Chthoniidae that is sole
European group, and most diverse member, of this
suborder (HARVEY 1991). We here describe the
karyotypes of selected species and bring proofs that
the male meiosis is achiasmatic. The data obtained in
this study allow us to hypothesize about possible
modes of karyotype evolution within the genus
Chthonius.

MATERIAL AND METHODS
Collection of specimens

Chthoniid pseudoscorpions were sifted from forest
leaf litter using a light pad or were collected indivi-
dually from the underside of stones in forested regions.
The collection data for the species used in this study
are presented below.

Chthonius (Chthonius) diophthalmus Daday 1888:
Romania: Bihor Mts. — Cetatile Ponorului (23, 19:
17.7., 18.7.2001). C. (C.) litoralis Hadzi 1933: Greece:
Corfu-Kassiopi (6 3, 8%: 24.4.2001, 8.5.2002). C. (C.)
orthodactylus (Leach 1817): Czech Republic: Hnévko-
vice (33 3.6.2001), Nuzice (33: 3.6.2001). C. (C.)
tenuis L. Koch 1873: Czech Republic: Prague-Ko-
morany (93, 129: 8.2., 8.3., 2.4.2001, 30.1.,
13.10.2002).

Chthonius (Ephippiochthonius) fuscimanus Simon
1900: Czech Republic: Stfemosice (113, 19:
27.5.2002). C. (E.) tetrachelatus (Preyssler 1790):
Czech Republic:  Prague-Kunratice (73, 29:
1.6.2000), Prague-Bud’anka (53, 19: 3.5., 9.5.2001),
Doubrava (3%: 1.5.2001), Hnévkovice (23: 3.6.2001).
C. (E.) sp. 1: Greece: Corfu — Kassiopi (103, 5%:
24.4.2001, 8.5.2002). C. (E.) sp. 2: Greece: Corfu —
Kassiopi (235 12: 8.5.2002).

Mundochthonius styriacus Beier 1971: Czech Re-
public: Prague — Stvanice Island 173, 9%: 3.6.,
12.9.2001, 31.1., 24.4.2002).

Specimens were kept in glass vials with moistened
cotton wool and supplied with springtails for food. We

attempted to prepare chromosomes as soon as possi-
ble after collection because this was found to produce
the best results. Testes of adult males collected during
spring (April—-May) were found to be the most suitable
tissue for the karyological analysis because they
contain not only spermatogonial mitoses but also
various stages of meiosis. From males of M. styriacus,
we obtained spermatogonial mitoses and stages of
prophase I only. All karyotyped specimens are depos-
ited in the collection of the first author who also
determined the species.

Chromosome preparations

To prepare chromosomes from chthoniid pseudoscor-
pions, we modified the spreading technique described
by Traut (1976). This technique is particularly
convenient for the preparation of chromosomes from
tiny animals. Dissection started by rupturing of the
pleural wall of the opisthosoma with tweezers whilst
the specimen is immersed in a hypotonic solution
(0.075 M KCI) and extracting the mesenteron. The
tiny gonads of chthoniids (body length 1-2 mm) were
left in the body cavity to prevent their loss during the
following procedure. After 10 min of hypotonic
treatment, the remainder of the opisthosoma with
the gonads attached was incubated in freshly prepared
Carnoy fixative (ethanol: chloroform: acetic acid
6:3:1) for 20 min. During that time the fixative was
changed two or three times. After fixation, the gonads
were dissected and removed from the opisthosoma in a
drop of 60% acetic acid on a clean microscope slide
and suspended. A fine suspension was made by using
a pair of sharp tungsten needles. The slide was then
quickly placed on a warm histological plate (surface
temperature of 40°C) and the drop of dispersed tissue
was moved on the slide with the help of tungsten
needle untill evaporation. Preparations were dried
overnight and stained with 5% Giemsa solution in a
Sorensen phosphate buffer (pH = 6.8) for 30—40 min.

For visualisation of nucleolar organizer regions
(NORs), we stained preparations first by Giemsa
and then by AgNO; following the 1-step method
with colloidal developer (HoweLL and Brack 1980).

Preparations were inspected in a Jenaval microscope
(Carl Zeiss Jena) utilising an immersion objective and
the best figures were photographed. Interestingly,
mitotic chromosomes of pseudoscorpions often ex-
hibited indistinct centromeres. Therefore, we used also
metaphase Il chromosomes and meiotic postpachy-
tene bivalents to localize primary constrictions, differ-
entiate primary and secondary constrictions, and then
construct the karyotype. Except primary constrictions,
sister chromatids were clearly separated during meta-
phase II. At postpachytene bivalents, the centromere
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area was marked by a prominent knob, which enabled
us to identify the centromere. Ten figures of suitable
stage (mitotic metaphase, metaphase Il or postpachy-
tene) were measured and evaluated to construct the
karyotype. In the majority of species, we used both
metaphase II and postpachytene to compare the
suitability of both variants for the construction of
the karyotype. Comparison of relative chromosome
lengths obtained by both methods showed that their
results are comparable (Table 1). The chromosome
classification system follows LEvaAN et al. (1964).
Chromosome lengths were calculated as a percentage
of total chromosome length of the haploid set, which
also includes the sex chromosome. The measured
values then formed the basis for the construction of
idiogrames (Fig. 5). The exact position of secondary
constrictions in the karyotype could be determined
only for M. styriacus. Other species gave only a
restricted number of figures with clearly visible sec-
ondary constrictions.

RESULTS
Chthonius ( Chthonius) diophthalmus Daday 1888

The male karyotype comprises 33 chromosomes, 16
autosome pairs and one X chromosome. Autosome
pairs No. 1 and 9 are subtelocentric, while all others
are acrocentric (Fig. la, 5a). Autosomes gradually
decrease in size, which is similar to other species of the
subgenus Chthonius (see below). At the metaphase II,
the relative length of chromosomes range from 7.50%
to 3.35% for a haploid set (Fig. 5a). The large X
chromosome (25.71% of the haploid set) is meta-
centric (Fig. 5a). A detailed analysis of the male
meiosis confirmed an X0 sex chromosome system.

Chthonius ( Chthonius) litoralis Hadzi 1933

All males possessed 35 chromosomes. The karyotype
contains 16 pairs of acrocentric and one pair of
submetacentric autosomes (No. 12) (Fig. 1b, 5b).
Relative lengths of bivalents range from 6.55% to
3.26% in postpachytene. The only sex chromosome X
is metacentric with one arm carrying a subterminal
secondary constriction. The relative length of the X
chromosome is 16.18% in postpachytene (Fig. 5b).

Chthonius ( Chthonius) orthodactylus (Leach 1817)

The diploid male complement contains 33 chromo-
somes. At metaphase II one pair of submetacentric
(No. 9) and 15 pairs of acrocentric autosomes are
visible (Fig. 1c, 5¢). Relative lengths of chromosomes
range from 7.20% to 3.25%. The odd X chromosome
is metacentric (Fig. 1c). This chromosome is the
longest element of the karyotype and its one arm

carries a subterminal secondary constriction. The
relative length of the X chromosome is 23.21% in
metaphase 1I.

Chthonius ( Chthonius) tenuis L. Koch 1873

The diploid chromosome number of males is 35, and
all autosomes are acrocentric (Fig. 1d, le, 5d). The
relative lengths range from 6.96% to 2.75% for
chromosomes in the male mitotic metaphase and
from 6.70% to 2.75% for bivalents in postpachytene,
respectively (Table 1, Fig. 5d). The large X chromo-
some is metacentric (Fig. 5d) with one arm carrying a
subterminal secondary constriction. The X chromo-
some forms 22.07% of the haploid chromosome set at
mitotic metaphase or 21.40% at metaphase 11, respec-
tively.

Chthonius ( Ephippiochthonius) fuscimanus Simon
1900

The male karyotype consists of 35 chromosomes. All
pairs of autosomes are acrocentric and they gradually
decrease in size (Fig. 2a, 2b, 5¢). The relative lengths
range from 6.56% to 3.44% for bivalents in post-
pachytene and from 6.07% to 3.33% in metaphase II
(Table 1, Fig. 5e). The X chromosome is metacentric
and is the longest chromosome of the karyotype.
The relative length of X chromosome is 15.76%
in postpachytene and 19.35% in metaphase II
(Fig. Se).

Chthonius ( Ephippiochthonius) tetrachelatus (Preyssler
1790)

A diploid male complement contains 35 chromo-
somes. The postpachytene karyotype contains one
pair of submetacentric (No. 6) and 16 pairs of
acrocentric bivalents from which one (No. 2) has the
centromere in a subterminal position. This autosome
is subtelocentric in metaphase II (Fig. 2c, 2d, 5f).
Autosomes gradually decrease in size. Their relative
lengths range from 7.07% to 2.78% for bivalents in
postpachytene and from 6.13% to 2.84% for chromo-
somes in metaphase II, respectively (Table 1). The
large X chromosome is metacentric and its one arm
carries a subterminal secondary constriction. The X
chromosome forms 19.72% of the total chromosome
length in postpachytene and 27.80% in metaphase II

(Fig. 5f).
Chthonius ( Ephippiochthonius) sp. 1

The male karyotype is composed of 29 chromosomes.
The karyotype consists of 11 pairs of acrocentric, two
pairs of submetacentric (No. 1, 6 in postpachytene or
No. 1, 5 in metaphase II, respectively) and one pair of
metacentric (No. 14 in postpachytene or No. 13 in
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metaphase II) chromosomes (Fig. 3a, 3b, 5g). Auto-
somes may be divided into two size groups. The
submetacentric pair No. 1 amounts nearly to the size
of X chromosome (Table 1, Fig. 5g). The other
autosome pairs are much shorter; their length de-
creases gradually from 6.96% to 2.55% in postpachy-

tene and from 6.61% to 2.93% in metaphase II (Table
1, Fig. 5g). The large X chromosome is metacentric,
and its one arm seems to carry a subterminal
secondary constriction. This chromosome forms
20.92% of the haploid chromosome set in postpachy-
tene and 22.75% in metaphase II.
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Table 1. C. (C.) tenuis, C. (E.) fuscimanus, C. (E.) tetrachelatus, and C. (E.) sp. 1. Comparison of chromosome
relative lengths based on selected phases (mit — mitotic metaphase, ppach — postpachytene, met Il — metaphase II)

Pair No. C. (C.) tenuis C. (E.) fuscimanus C. (E.) tetrachelatus C. (E)sp. 1
mit ppach met 1T ppach met 1T ppach met 11 ppach
1 6,96 6,70 6,07 6,56 6,13 7,07 17,07 18,93
2 6,07 6,15 5,76 5,93 5,78 6,19 6,61 6,96
3 5,64 6,00 5,53 5,69 5,42 5,95 6,12 6,34
4 5,49 5,65 5,33 5,49 5,14 5,70 5,50 5,93
5 5,30 5,42 5,16 5,38 4,95 5,42 5,30 5,58
6 5,13 5,30 5,04 5,31 4,90 5,26 5,18 5,43
7 5,00 5,06 4,97 5,20 4,39 5,18 491 4,72
8 4,79 4,90 4,92 5,03 4,15 5,01 4,55 4,44
9 4,60 4,68 481 491 3,95 4,86 4,31 4,19
10 4,36 4,42 4,68 4,84 3,78 4,50 4,10 3,95
11 4,10 4,28 4,58 4,70 3,65 4,31 3,87 3,62
12 3,85 4,05 4,48 4,55 3,58 4,19 3,55 3,29
13 3,67 3,70 4,33 441 3,54 3,99 3,03 3,14
14 3,55 3,42 4,12 4,22 3,46 3,52 2,93 2,55
15 3,36 3,18 3,91 4,12 3,33 3,31
16 3,18 2,94 3,61 3,75 3,20 3,06
17 2,75 2,75 3,33 3,44 2,84 2,78
X 22,07 21,40 19,35 15,76 27,80 19,72 22,75 20,92

Chthonius ( Ephippiochthonius) sp. 2

This species has a male chromosome complement
consisting of 21 chromosomes. The complement con-
tains 2 pairs of metacentric (No. 1 and 2), 1 pair of
submetacentric (No. 3), 1 pair of subtelocentric (No.
5), and 6 pairs of acrocentric autosomes (Fig. 3c, Sh).
The karyotype of Chthonius (E.) sp. 2 is asymmetric,
as in Chthonius (E.) sp. 1 from Corfu. Autosomes can
also be divided into two size groups. The first two
pairs nearly reach to the size of the X (Fig. 5h). The
other autosomes are more than twice shorter than pair
No. 2 and decrease gradually from 6.45% to 3.65% of
the haploid set in metaphase I1. The large X chromo-
some is metacentric, and its one arm carries a
subterminal secondary constriction. The X chromo-
some forms 23.58% of the haploid chromosome set
(Fig. Sh).

Mundochthonius styriacus Beier 1971

All males displayed a chromosome number of 37. In
contrast to Chthonius species, metacentric chromo-
somes predominate in M. styriacus. Its karyotype
consists of 14 pairs of metacentric, three pairs of
submetacentric (No. 1, 5 and 12), and one pair of
subtelocentric chromosomes (No. 2) (Fig. 3d, 5i). The
karyotype of M. styriacus is slightly asymmetric. In
mitotic metaphase, the length of the first and second
pairs equals 9.52% and 7.52% of the total chromo-
some length, while the relative lengths of other pairs
decrease gradually from 5.41% to 2.64% (Fig. 5i).
The subtelocentric pair No. 2 bears a prominent

subterminal secondary constriction on the longer
arm (Fig. 3d). Comparison of mitotic metaphases of
both sexes confirmed an X0 sex chromosome system
(Fig. 3d, 4i), the large X chromosome being meta-
centric. One arm of the X chromosome carries a
subterminal secondary constriction (Fig. 3d).

Analysis of meiotic division

Our study revealed an achiasmatic mode of meiosis in
males of all species examined. In Fig. 4a—f, we present
the sequence of achiasmatic meiotic division in
chthoniids. In meiotic prophase I, diplotene and
diakinesis are absent due to the lack of chiasmata.
Homologous chromosomes pair perfectly during pa-
chytene and postpachytene (Fig. 4a—c). Postpachytene
bivalents bear no chromomeres or knobs with the
exception of a prominent centromeric knob. In some
species (e.g. C. (E.) tetrachelatus), there is also a
second, smaller knob associated apparently with a
secondary constriction (Fig. 2d). Staining of meiotic
phases by silver nitrate revealed that the nucleolus
only disappears at the end of postpachytene (not
shown). During late postpachytene and metaphase I,
centromeric areas of homologous chromosomes start
to separate (Fig. 4d). During that time, sister chroma-
tids of chromosomes are starting to be visible.
Apparently, centromeric areas separate more notably
in Mundochthonius than in Chthonius (Fig. 4h).

In males of all species, the univalent X chromosome
exhibits positive heteropycnosis during early prophase
I (leptotene-pachytene) forming a prominent spherical
body on the periphery of the nucleus (Fig. 4a). The
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Fig. 4a—i. (a—f) Sequence of achiasmatic meiosis in chthoniid C. (C.) litoralis; arrowhead points to X chromosome. (a)
pachytene; X chromosome forms heteropycnotic sex vesicul, (b) early postpachytene; heteropycnotic X chromosome is
characterized by pairing of the distal regions of arms. Arrow indicates centromeric knob of submetacentric chromosome pair,
(c) late postpachytene; arms of the X chromosome are perfectly separated. Centromere regions of homologous chromosomes
start to separate, (d) metaphase I; note continued separation of centromeric regions as well as individualization of sister
chromatids, (e) metaphase II, (f) anaphase II; X chromosome exhibits positive heteropycnosis during metaphase and
anaphase II, (g) C. (E.) sp. 2, early postpachytene; arms of X chromosome pair each other by proximal as well as distal parts,
(h) male of M. styriacus, postpachytene, (i) female of M. styriacus, oogonial metaphase; arrows indicate two X

chromosomes. Scale bar = 10 pm.

body disappears at the end of pachytene. During early
postpachytene, the X chromosome unrolls gradually,
while the distal ends of both arms remain associated
(Fig. 4b). In C. (E.) sp. 2 from Corfu, the proximal
regions of the arms close to the centromere are also
associated (Fig. 4g). Heteropycnosis of the X chromo-
some disappears usually during the transition from

pachytene to postpachytene. In C. (E.) sp. 1 only, the
sex chromosome exhibits positive heteropycnosis from
leptotene to pachytene but negative heteropycnosis
during postpachytene. In C. (C.) litoralis, positive
heteropycnosis of the X chromosome vanishes during
postpachytene (Fig. 4b—c) but it emerges again during
metaphase and anaphase of the second meiotic divi-
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sion (Fig. 4e—f). In males of all species, sister
chromatids of the X chromosome separate slightly
earlier than those of autosomes during metaphase II.

DISCUSSION

This study presented, for the first time, karyotypes of
pseudoscorpions of the family Chthoniidae. In males,
the diploid number of chromosomes ranged from 21
to 37. All species display an X0 sex chromosome
system. Interestingly, the genera Chthonius and Mun-
dochthonius differ substantially in their chromosome
morphology. Acrocentric chromosomes predominate
in karyotypes of the genus Chthonius. On the contrary,
the karyotype of M. styriacus is distinguished by a
predominance of metacentric chromosomes. We sug-
gest that large karyotype differences between the
genera Chthonius and Mundochthonius may reflect
that they belong to distant evolutionary branches of
the family Chthoniidae.

Representatives of the family Chthoniidae appar-
ently do not differ in chromosome numbers and
morphology as much as the previously studied species
of the family Neobisiidae (Trorano 1990, 1997).
Nevertheless, results of our study demonstrate that
also in chthoniid pseudoscorpions diversity in karyo-
types appears to be sufficient to be useful for
cytotaxonomic studies. The karyological data ob-
tained allow us to propose a scheme of karyotype
evolution within the genus Chthonius (Fig. 5j). Our
ongoing study indicates that the postulated scheme
could be used for reconstruction of morphological
evolution in chthoniids.

We assume that the ancestral male karyotype of the
genus Chthonius consisted of 17 acrocentric pairs of
autosomes that gradually decreased in size and meta-
centric X chromosome. The proposed original condi-
tion is still retained in some species of the subgenera
Chthonius and Ephippiochthonius, namely C. (C.)
tenuis and C. (E.) fuscimanus (Fig. 5d, 5e). We
suggest that the subsequent karyotype evolution in
the genus Chthonius was characterised by a reduction
of chromosome numbers by tandem and centric
fusions as well as gradual conversion of acrocentric
chromosomes to biarmed ones. We suppose that
biarmed chromosomes originated mostly by peri-
centric inversions and/or by accumulation of consti-
tutive  heterochromatin  into short arms of
chromosomes. Karyotypes of C. (C.) litoralis and C.
(E.) tetrachelatus were derived from the ancestral
condition by one or two pericentric inversions, respec-
tively (Fig. Sb, 5f). The karyotypes of C. (C.)
orthodactylus and C. (C.) diophthalmus represent the
first step of reduction of chromosome number. In this

case, the diploid number was decreased to 33 chromo-
somes probably by one tandem fusion (Fig. 5a, 5c).
This change was accompanied by the conversion of
one (C. (C.) orthodactylus) or two (C. (C.) diophthal-
mus) acrocentric pairs to biarmed ones. Interestingly,
the trend to a reduction of chromosome numbers is
expressed also in the karyotype evolution of neobisiid
pseudoscorpions of the genus Roncus. In this case, the
reduction of chromosome numbers was realised pre-
dominantly by centric fusions (TrRoiaNO 1990).

The tendency towards reduced chromosome num-
bers is more pronounced in the subgenus Ephip-
piochthonius. The karyotype of C. (E.) sp. 1 from
Corfu is possible to derive from the karyotype of C.
(E.) fuscimanus as follows. The formation of the
largest, submetacentric chromosome pair in the kar-
yotype of C. (E.) sp. 1 included centric fusion between
two acrocentric chromosome pairs and series of two
tandem fusions that were concerned in the formation
of long arm of submetacentric chromosome. These
changes were accompanied by a pericentric inversion
of two acrocentric chromosome pairs (Fig. 5g). A
reduction of diploid chromosome numbers culminated
in C. (E.) sp. 2 from Corfu. In this species, the diploid
number of males was reduced to 21 by the formation
of a further large biarmed chromosome that origi-
nated by a similar mode as the large submetacentric
chromosome in C. (E.) sp. 1 (Fig. 5h). At present, C.
(E.) sp. 2 is the pseudoscorpion with the lowest known
2n.

All karyotyped chthoniids possess a X0 sex chro-
mosome system that is more frequent and probably
more primitive than the XY system in pseudoscor-
pions (TroiaNO 1990). The X chromosome exhibits
conservative morphology in all species examined in
this study. This metacentric chromosome is always the
longest chromosome in the karyotype. Progressive
decreasing of chromosome number in the genus
Chthonius apparently did not substantially influence
the morphology and behaviour of the X chromosome.
We suggest that the partial autosynapsis of the X
chromosome in C. (E.) sp. 2 during postpachytene
forms an interesting exception. In this species, both
arms of the X chromosome pair each other in the
proximal regions during postpachytene. We believe
that such unusual pairing may reflect homology of
involved parts of the arms as a consequence of a
rearrangement.

In the majority of species examined, we observed
subterminal secondary constriction not stained with
Giemsa at one arm of X chromosome. We suppose
that this constriction is most probably related to the
nucleolar organiser region (NOR). Besides the X
chromosome, we have often observed secondary con-
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Fig. 5a—j. (a—i) Idiograms of studied chthoniids (y axis — % of the total chromosome length). (a) C. (C.) diophthalmus
(metaphase II), (b) C. (C.) litoralis (postpachytene), (¢) C. (C.) orthodactylus (metaphase II), (d) C. (C.) tenuis
(postpachytene), (e¢) C. (E.) fuscimanus (metaphase II), (f) C. (E.) tetrachelatus (metaphase 1), (g) C. (E.) sp. 1
(metaphase II), (h) C. (E.) sp. 2 (metaphase II), (i) M. styriacus (mitotic metaphase); note subterminal secondary
constriction on autosome pair No. 2 and sex chromosome, (j) cladogram based on proposed scheme of karyotype
evolution.
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strictions on several pairs of autosomes. These con-
strictions also had a subterminal location. Unfortu-
nately, our attempts to visualise NORs in the
karyotypes using silver nitrate failed. In contrast to
chthoniids, secondary constrictions were not reported
on the sex chromosomes of other pseudoscorpions
(SokoLow 1926, BoissiN and MANIER 1966,
TROIANO 1990, 1997, STAHLAVSKY 2000).

From an evolutionary point of view, chthoniids are
considered to be within the most plesiomorphic
branch of the order Pseudoscorpiones. This placement
(HARVEY 1992) seems to be well supported by their
morphology and copulatory behaviour (WEYGOLDT
1969). The high antiquity of chthoniid pseudoscor-
pions is documented also by the fact that oldest
known pseudoscorpion Dracochela deprehendor (Dra-
cochelidae) from the Middle Devonian of Gilboa
(USA) (ScHAwWALLER et al. 1991) is placed into the
superfamily Chthonioidea (HARVEY 1992). We pro-
pose that the ancestral pseudoscorpion karyotype was
possibly composed of a high number of chromosomes
and included an X0 sex chromosome system. In
contrast to that, the karyotypes of examined chtho-
niids seem to be rather derived, exhibiting a quite low
number of chromosomes and achiasmatic meiosis. To
explain this observed discrepancy between morpholo-
gical and karyological data, it will be necessary to
study the karyotypes of other chthoniid groups to
establish fundamental traits of karyotype evolution in
the superfamily Chthonioidea.

Analysis of male meiosis revealed absence of
diplotene and diakinesis due to the lack of chiasmata,
i.e. achiasmatic meiosis. This form of meiosis is
notable for an absence of chiasmata and crossing-
over. In the majority of cases, the abolition of
chiasmata is confined to one sex, usually heteroga-
metic (WHITE 1973). Achiasmatic meiosis of chthoniid
pseudoscorpions adopts a classical course. Interest-
ingly, postpachytene bivalents bear no knobs or
chromomeres except the prominent knob at the
centromere area. In some species, the region of
secondary constriction is also marked by a knob (for
example C. (E.) tetrachelatus, Fig. 2d). Although we
were not able to obtain meiotic stages subsequent to
the pachytene from females, we suppose that achias-
matic meiosis is restricted only to males in the studied
species. Our findings of the achiasmatic meiosis in
both the genus Chthonius and Mundochthonius which
belong probably to different evolutionary lineages of
the family Chthoniidae indicate that this form of
meiosis might be characteristic of all representatives of
the family Chthoniidae. Achiasmatic meiosis has
originated independently in various groups all over
the animal kingdom (except for mammals) and in

some plants (WHITE 1973). Among arachnids, this
mode of meiosis has been revealed in the majority of
scorpions studied to date (pE TorLEpO 1941,
VENKATANARASIMHAIAH 1965, SHANAHAN and
HaymaN 1990), some acariform mites (KEYL 1957),
and spiders of the families Dysderidae and Segestrii-
dae (BENAVENTE and WETTSTEIN 1980, RODRIGUEZ
GiL et al. 2002). Except for some scorpions, all of
these groups exhibit holokinetic (holocentric) chromo-
somes (DE ToLEDO 1941, OLIVER 1977, BENAVENTE
and WETTSTEIN 1980), while chthoniid pseudoscor-
pions possess normal (i.e. monocentric) chromosomes.
We suggest that the origin of achiasmatic meiosis in
chthoniids could be facilitated by a low number of
chiasmata per bivalent in their chiasmatic ancestor.
Low numbers of chiasmata have been found in the
majority of karyotyped pseudoscorpions (SokoLow
1926, BoissiN and MANIER 1966, TroiaANO 1990,
1997, STAHLAVSKY 2000).
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Karyotypes of some animal groups, such as ver-
tebrates and insects, are relatively well known. In
contrast, there are still many groups for which the
chromosomes are largely or even completely un-
known. This is true also for certain arachnid or-
ders, including pseudoscorpions.

More than 3200 species of pseudoscorpions,
placed into 24 families, have been described
(HARVEY 1992). Despite this diversity, karyo-
types have only been presented for 20 species of
pseudoscorpions in four families. Basic informa-
tion about the chromosomes of Neobisium carcinoi-
des (Hermann, 1804) (Neobisiidae), Dendrocher-
nes cyrneus (L. Koch, 1873) (Chernetidae) and
Hysterochelifer meridianus (L. Koch, 1873) (Chel-
iferidae) were obtained during studies of sper-
matogenesis by SOKOLOW (1926) and BOISSIN
and MANIER (1966). Further karyotypic studies of
pseudoscorpions have only appeared during the
past fifteen years. TROIANO (1990, 1997) de-
scribed karyotypes of six Roncus species (Neo-
bisiidae) from northern Italy (2n ranging from 22
to 52). The chromosomes of Chernes hahnii (C.L.
Koch, 1839) and Ch. similis Beier, 1929 (Cher-
netidae) were described by STAHLAVSKY (2000).
Karyotypes of nine European chthoniids were ana-

lysed by STAHLAVSKY and KRAL (2004). From
this limited data it may be concluded that pseu-
doscorpions exhibit great diversity in both diploid
chromosome numbers (2nd" ranges from 22 to 67)
and in the morphology of chromosomes. TROIANO
(1990, 1997) and STAHLAVSKY and KRAL (2004)
emphasized the importance of large karyotype di-
versity for the solution of frequent taxonomic
problems in pseudoscorpions, which arise because
of their relatively uniform external morphology.

The present study concerns the karyology of
three species of Lasiochernes, a genus of the fam-
ily Chernetidae. Karyotypes and the course of
meiosis are described, including the behaviour of
sex chromosomes. The family Chernetidae is the
largest family of pseudoscorpions, with more than
600 described species in 110 genera (HARVEY
1991). In spite of this, karyotypes of only three
species have previously been studied (Dendro-
chernes cyrneus, Chernes hahnii and C. similis)
(SOKOLOW 1926; STAHLAVSKY 2000). Up till
now, ten species of the genus Lasiochernes have
been described. Two of these are from Central Af-
rica, while L. pilosus is distributed in western
Europe to Yugoslavia and the other species all oc-
cur in the Mediterranean region. They are rarely
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collected and are usually associated with the nests
of small mammals or are found in caves (HENDER-
ICKX 1998).

The data presented here can be used not only for
the cytotaxonomy of chernetids but also contribute
to a better understanding of the karyotype diver-
sity of pseudoscorpions.

Material and Methods

Only a few individuals were examined because
living Lasiochernes specimens are hard to obtain.
Collection and species determination was per-
formed by the second author. Specimens are de-
posited in the collections of the first two authors.
Data on karyotyped specimens, namely localities,
number and sex of analysed specimens as well as
date of collection, are as follows: Lasiochernes pi-

Table 1

Relative length (% TCL) and centromeric index (AR) of particular chromosome pairs (mit—

mitotic metaphase, met Il — metaphase I1)

Pai L. pilosus L. siculus L. cretonatus
I\?(;r mit met 1T mit mit

% TCL AR % TCL AR % TCL AR % TCL AR
1 5.03 1.18 4.82 1.15 4.10 1.24 3.73 1.83
2 4.50 1.17 4.55 1.68 391 2.90 3.56 3.49
3 4.46 1.38 4.21 1.24 3.72 3.99 3.38 2.72
4 3.84 3.87 4.15 1.22 3.49 1.65 3.21 3.45
5 3.70 1.37 3.89 1.56 341 2.61 3.13 3.33
6 3.70 2.14 3.90 2.10 3.32 2.07 3.08 2.17
7 3.56 1.10 3.65 3.34 3.24 3.04 2.98 2.73
8 3.34 2.71 3.58 1.95 3.15 2.63 2.95 3.03
9 3.33 5.07 3.50 3.98 3.07 3.46 2.94 3.30
10 3.24 2.47 3.39 2.01 2.97 2.37 2.92 1.45
11 3.17 1.52 3.28 1.90 2.92 2.98 2.83 2.99
12 3.12 3.15 3.25 4.15 3,00 1.47 2.81 2.05
13 3.11 3.58 3.20 1.11 2.84 1.94 2.77 3.33
14 3.08 3.75 3.19 3.61 2.76 2.33 2.74 2.78
15 2.93 3.33 3.14 1.65 2.75 3.96 2.73 3.15
16 291 1.34 3.06 2.21 2.69 2.21 2.69 1.75
17 2.82 3.53 2.87 5.18 2.68 2.10 2.65 2.54
18 2.79 1.70 2.87 2.49 2.58 1.56 2.60 3.77
19 2.71 3.35 2.86 4.78 2.58 2.51 2.59 2.27
20 2.68 1.22 2.77 1.46 2.61 2.22 249 3.26
21 2.67 1.90 2.67 1.45 2.54 - 2.48 2.94
22 2.56 2.74 2.70 2.85 2.50 2.30 2.41 2.15
23 2.53 2.20 2.61 2.34 2.49 2.73 2.40 1.51
24 2.51 1.29 2.60 1.32 2.43 2.02 2.34 2.39
25 248 3.29 2.45 2.35 2.37 2.29 2.27 1.94
26 2.37 1.21 2.27 1.40 2.36 3.16 2.23 1.96
27 2.20 1.60 2.25 3.17 2.28 2.28 2.22 3.26
28 2.13 1.26 2.23 1.47 2.21 2.37 2.14 2.21
29 2.09 2.27 1.96 1.32 2.13 2.44 2.06 1.59
30 1.73 1.40 1.89 1.09 2.10 1.85 1.97 2.00
31 1.98 2.78 1.96 1.80
32 1.92 2.33 1.95 2.75
33 1.87 - 1.80 1.58
34 1.84 1.81 1.71 1.33

35 1.64 -
36 1.58 1.60
X 8.71 1.11 5.86 1.14 7.23 1.08 8.05 1.15




Karyotype Study on Pseudoscorpions 71

losus (Ellingsen, 1910): Belgium, Brussels, Zo-
niénwoud, 24.4.2001, (1), L. siculus Beier, 1961:
Italy, Sicily, Pantalia, Grotta dei Pipistrelli,
13.5.2003 (2 &, 1%); L. cretonatus Henderickx,
1998: Greece, Crete, Azogires, 13.4.2002 (1%, 1 male
tritonymph).

The chromosome preparations were made from
gonads using the modified spreading technique
described by TRAUT (1976), which gives good re-
sults for small invertebrates. Briefly, gonads were
hypotonized for 10 min (0.075 M KCl) and then
fixed in fresh Carnoy fixative (ethanol: chloro-
form: acetic acid 6:3:1) for 20 min. After fixation,
tissue was suspended in a drop of 60% acetic acid
on a clean slide using tungsten needles. The drop
of dispersed tissue was placed on a histological
plate (surface temperature 40°C) and moved around
the slide using a needle. Chromosome preparations
were dried and stained by a 5% Giemsa solution in
Sorensen phosphate buffer (pH=6.8) for 40 min.

The chromosome classification system follows
LEVAN et al. (1964). Evaluation of chromosome
morphology was based on ten mitotic metaphases
and, in L. pilosus, an additional ten meiotic meta-
phases II (Table 1). Metaphase II permits the
recognition of the position of the centromere and
distinguishs primary and secondary constrictions
of chromosomes much more precisely. Chromo-
some lengths were calculated as a percentage of to-
tal chromosome length of the haploid set (% TCL),
which also includes the sex chromosome. In L. pi-
losus and L. siculus the course of meiosis was also
studied.

Results

Lasiochernes pilosus (Ellingsen, 1910)

The diploid chromosome number of the male is 61.
Male metaphase II shows 14 metacentric, 9 sub-
metacentric and 7 subtelocentric pairs of auto-
somes (Table 1, Fig. 1). Only small differences of
chromosome morphology were found in the male
mitotic metaphase, which consists of 14 metacen-
tric, 7 submetacentric and 9 subtelocentric pairs of
autosomes (Table 1, Fig. 2). In both cases, auto-
somes gradually decrease in size. The relative
lengths of autosomes range from 4.82% to 1.88%
in metaphase II and from 5.03% to 1.73% in male
mitotic metaphase (Table 1).

Analysis of male meiosis indicates an X0 sex
chromosome system. The large X chromosome is
metacentric and forms 5.86% of the haploid set in
metaphase II or 8.71% of this set in mitotic meta-
phase. One arm of the X chromosome shows a sub-
terminal secondary constriction. The X chromo-

some of L. pilosus usually exhibits the same inten-
sity of pycnosis as the autosomes in prometaphase
and early metaphase of mitosis. In the transition to
late mitotic metaphase, the arm of the sex chromo-
some without the secondary constriction displays
partial negative heteropycnosis (Fig. 2). Finally,
the whole X chromosome exhibits negative het-
eropycnosis (Fig. 5) in late metaphase when sister
chromatids are well separated. During diplotene,
all chromosomes seem to be isopycnotic (Fig. 6).
Heteropycnosis of the X chromosome reappears
during the second meiotic division. The X chro-
mosome exhibits a distinct positive heteropycno-
sis at metaphase II (Fig. 7). During diplotene, the
majority of the bivalents are unichiasmatic. Only
two (67%) or three bivalents (17%) usually exhibit
two chiasmata (number of observed figures = 20).

Lasiochernes siculus Beier, 1961

The diploid chromosome number of the male is
69. Mitotic metaphase consists of 4 metacentric,
23 submetacentric, 5 subtelocentric and 2 acrocen-
tric pairs of autosomes (Table 1, Fig. 3). The auto-
somes decrease gradually in size. The relative
lengths of autosomes range from 4.10% to 1.84%
of the haploid set in mitotic metaphase (Table 1).

The X chromosome is metacentric and is the
longest chromosome in the karyotype, its relative
length being 7.23% of the haploid set. All chromo-
somes are isopycnotic in the observed figures of
mitotic division. During diplotene, the sex chro-
mosome sometimes displays isopycnosis in some
cases, otherwise it is almost negatively hetero-
pycnotic. During this stage, all bivalents are
unichiasmatic.

Lasiochernes cretonatus Henderickx, 1998

The diploid complement comprises 73 chromo-
somes in the male and 74 chromosomes in the fe-
male. The male complement contains 5 metacentric,
20 submetacentric, 10 subtelocentric and 1 acro-
centric pairs of autosomes (Table 1, Fig. 4). The
relative lengths of the autosomes decrease gradu-
ally from 3.73% to 1.58% of the haploid set in mi-
totic metaphase.

L. cretonatus possesses the X0 type of sex chro-
mosome system. The metacentric X chromosome
is the longest element of the karyotype (more than
twice as long as the longest autosome pair) and
forms 8.05% of the haploid set. One arm of the
X chromosome contains a subterminal secondary
constriction whereas a distal part of the second arm
is often negatively heteropycnotic during mitotic
metaphase.
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Figs 1-4. Male karyotypes of Lasiochernes. Fig. 1. L. pilosus (metaphase II). Fig. 2. L. pilosus (metaphase of spermatogonial
mitosis). Note negative hg:teropgcnosm of one arm of the X chromosome (arrow). Fig. 3. L. siculus (metaphase of
spermatogonial mitosis). Fig. 4. L. cretonatus (metaphase of spermatogonial mitosis). Bars = 10 ym.
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Fi%ls 5-7. Lasiochernes pilosus. Fig. 5. Mitotic metaphase; X
chromosome exhibits ngga‘uve heteropycnosis (arrow).
Fig. 6. Diplotene; note X chromosome (big arrow) and
bivalents with two chiasmata (small arrows). Fig. 7
Metaphase II; X chromosome exhibits positive heteropycnosis
(arrow). Bar = 10 gm.

Discussion

Despite the small number of karyotyped species,
the data presented here demonstrate considerable
diversity of chromosome numbers and the pre-
dominance of biarmed chromosomes in the karyo-
types of chernetid pseudoscorpions. The latter
character is typical for all studied species of pseu-
doscorpions except the genus Chthonius, in which
karyotypes mainly consist of acrocentric chromo-
somes (STAHLAVSKY & KRAL 2004). Male dip-

loid numbers of chernetids range from 49 in
Chernes hahnii (STAHLAVSKY 2000), to 73 in La-
siochernes cretonatus. The average male chromo-
some number in karyotypes of chernetid pseudoscor-
pions is higher (2nd'=62) than those of the families
Neobisiidae (2na=39; range 22-67) (SOKOLOW
1926; TROIANO 1990, 1997) and Chthoniidae
(2ng=33; range 21-37) (STAHLAVSKY & KRAL
2004). At present, L. crefonatus is the pseudoscor-
pion with the highest known diploid number of
chromosomes.

The chernetid species studied to date are charac-
terized by an X0 sex chromosome system, which is
more frequent and probably more primitive than
the XY system in pseudoscorpions (TROIANO
1990). Besides the Lasiochernes species studied
here, the X0 type of sex chromosome system is
known also in Chernes species (STAHLAVSKY
2000). The record of an X;X,0 sex chromosome
system in Dendrochernes cyrneus (SOKOLOW
1926) was probably a misinterpretation of the X0
system (TROIANO 1990); our own unpublished ob-
servations confirm an X0 system in this species.
The X chromosome of studied species exhibits a
conservative morphology. Like in the majority of
pseudoscorpions analysed, this chromosome is
metacentric and the longest in the karyotype. One
arm of the X chromosome bears a subterminal sec-
ondary constriction. This constriction is probably
related to the nucleolar organizer region (NOR). A
similar secondary constriction has been reported
on the X chromosome of chthoniid pseudoscorpi-
ons (STAHLAVSKY & KRAL 2004), but not in other
pseudoscorpions (SOKOLOW 1926, BOISSIN &
MANIER 1966, TROIANO 1990, 1997).

The negative heteropycnosis of the X chromo-
some at spermatogonial metaphases of L. pilosus
and L. cretonatus is also of special interest. Among
arachnids, heteropycnosis of sex chromosome(s)
during spermatogonial mitosis is relatively com-
mon in spiders, but it has not been found in any
other order (KRAL 1994a, b).

The diversity in karyotypes of Lasiochernes ap-
pears to be sufficient for their use in cytotaxo-
nomic studies. The number of species studied is
not yet sufficient for the construction of detailed
hypothesis about phylogeny of the genus Lasio-
chernes, as has been done in the better known genera
Roncus (TROIANO 1997) and Chthonius (STAH-
LAVSKY & KRAL 2004). However, this study indi-
cates that L. siculus and L. cretonatus are more
closely related to each other than to L. pilosus. The
karyotypes of these two species are similar and
contain a large number of submetacentric chromo-
somes, while that of L. pilosus differs in having a
higher number of metacentric chromosomes (Ta-
ble 2). However, in order to reconstruct a detailed
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scheme of karyotype evolution within the genus
Lasiochernes, data is needed from more species.
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Abstract. The karyotypes of pseudoscorpions of three families, Geogarypidae, Garypinidae and Olpiidae (Arachnida: Pseudoscorpi-
ones), were studied for the first time. Three species of the genus Geogarypus from the family Geogarypidae and 10 species
belonging to 8 genera from the family Olpiidae were studied. In the genus Geogarypus the diploid chromosome numbers of males
range from 15 to 23. In the family Olpiidae the male chromosome numbers vary greatly, from 7 to 23. The male karyotype of single
studied member of the family Garypinidae, Garypinus dimidiatus, is composed of 33 chromosomes. It is proposed that the karyotype
evolution of the families Geogarypidae and Olpiidae was characterised by a substantial decrease of chromosome numbers. The dip-
loid numbers of some olpiids are the lowest known 2n within pseudoscorpions and even one of the lowest within the class
Arachnida. In spite of a considerable reduction of diploid numbers, all species studied possess a X0 sex chromosome system that is
widespread and probably ancestral in pseudoscorpions. Moreover, X chromosomes retain conservative metacentric morphology in
the majority of species. During the first meiotic division of males, a high number of chiasmata were observed in some species, up to
five per bivalent in Indolpium sp. The transient stage between pachytene and diplotene is typically characterised by extensive decon-
densation of chromatin in males of geogarypids and in Calocheiridius libanoticus, and we interpret this as a diffuse stage. This is
recorded in pseudoscorpions for the first time. The relationships between some species belonging to the family Olpiidae are dis-
cussed based on the data obtained.
INTRODUCTION chromosome numbers and their morphology were per-

The Class Arachnida forms a huge and archaic branch formed in five representatives of the family Chernetidae

of the arthropods. Starting from the Middle Devonian
almost all recent orders of arachnids have been found to
be well differentiated (Selden et al., 1991). Despite the
importance of arachnids, their cytogenetic systems are
still poorly understood in comparison to other arthropods,
especially insects. Moreover, most data were obtained
from certain arachnid orders (spiders, mites, harvestmen,
and scorpions) only, while other groups remain poorly
understood or even untested (Kral, 1994).

The order Pseudoscorpiones is the fourth largest order
of arachnids and is divided into 25 families with more
than 3200 described species (Harvey, 2002; Judson,
2005). From a karyological point of view, it remains a
poorly investigated group. Karyotypes of only 25 species
belonging to four families have been published to date.
Basic information on gametogenesis and chromosomes of
pseudoscorpions were presented by Sokolow (1926) in
Neobisium carcinoides (Neobisiidae) and Dendrochernes
cyrneus (Chernetidae), and by Boissin & Manier (1966)
in Hysterochelifer meridianus (Cheliferidae). However,
only recently has the cytogenetics of pseudoscorpions
been studied more intensively. Basic descriptions of the

(Stahlavsky, 2000; Stahlavsky et al., 2005), and two
Allochthonius species (Chthoniidae) (Lee & Seo, 1995).
Karyotype evolution was analysed for the first time by
Troiano (1990, 1997), who studied six Italian species of
the genus Roncus (Neobisiidae). A similar study was also
conducted by Stahlavsky & Kral (2004), who investi-
gated the karyotypes of nine European representatives of
the family Chthoniidae. The data obtained were used to
reconstruct the evolutionary relationships of the species
studied. In both groups the evolution of karyotypes was
characterised by a reduction of chromosome numbers. In
the genus Roncus the main chromosome rearrangements
are probably centric fusions (Troiano, 1997), while study
of the genus Chthonius indicates operation of centric
fusions, tandem fusions, and pericentric inversions in the
evolution of the genus (Stahlavsky & Kral, 2004). In
some lineages of Mediterranean chthoniids, multiple
fusions led to the origin of conspicuous “macrochromo-
somes” (Stahlavsky & Kral, 2004).

From all of the above-mentioned studies it is obvious
that sex chromosomes are well differentiated in pseu-
doscorpions. The most common type of sex chromosome
determination is the system X0, which is probably ances-
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tral in pseudoscorpions (Troiano, 1997; Stahlavsky &
Kral, 2004). Another characteristic of pseudoscorpion
karyotypes is the wide range in diploid chromosomes
numbers, from 2n = 10 in Allochthonius buanensis
(Chthoniidae) (Lee & Seo, 1995) to 2n = 74 in Lasio-
chernes cretonatus (Chernetidae) (Stahlavsky et al.,
2005).

To supplement knowledge about the trends in karyo-
type evolution of pseudoscorpions, we concentrated the
present study on three unstudied families, Geogarypidae,
Garypinidae and Olpiidae. These groups are mainly
tropical and subtropical in distribution but some species
extend into temperate zones of the world. They belong to
the microorder Mestommatina together with another five
families characterised by the presence of long arolia (Har-
vey, 1992), which is a synapomorphy for this group even
though considerable homoplasy occurs within the micro-
order. The Mestommatina is divided into two groups: the
superfamily Garypoidea and the superfamily Olpioidea.
The family Geogarypidae (superfamily Garypoidea) is a
relatively small group that contains only 3 genera with 65
known species. The Garypinidae (superfamily Olpioidea)
were recently separated from the Olpiidae by Judson
(2005), who noted sufficient differences from many of
the olpiids to warrant family-level recognition. The
Garypinidae contains 20 genera and 74 species. The
family Olpiidac (superfamily Olpioidea) contains 22
genera and 193 species (Harvey, 1991).

MATERIAL AND METHODS

Pseudoscorpions were sifted from leaf litter or collected indi-
vidually from under stones or the bark of trees. Unless other-
wise indicated, specimens were collected, determined, and
deposited in the first author’s collection (Department of Zool-
ogy, Charles University, Prague). Material from Western Aus-
tralia and some specimens from South Africa are deposited in
the Western Australian Museum in Perth, Australia (WAM).
The detailed collection data are presented below. Species are
ordered in the text, tables and figures from the highest to the
lowest number of chromosomes within the families.
Geogarypidae

Geogarypus sp.: South Africa: KwaZulu-Natal, Ndumo Game
Reserve (938, 4%: 6.-10.ii.2005).

Geogarypus nigrimanus (E. Simon, 1879): Greece: Corfu —
Agios Georgios (69, 1 male tritonymph: 8.iv.2004), Agrafi
(13: 8.v.2002), Antiniotisa lake (1%: 16.iv.2004), Kassiopi
(39:24.iv.2001), lake Corission (13: 23.iv.2001), Loutses (23 :
15.iv.2004), Paleokastrica (23, 12: 9.iv.2004).

Geogarypus taylori Harvey, 1986: Western Australia: John
Forrest National Park, under bark of Eucalyptus sp. (43,492, 1
tritonymph:  20.viii.2003), lgt. M. Stambergovd and F.
§t’éhlavsky, det. M. Harvey, coll. WAM.

Garypinidae

Garypinus dimidiatus (L. Koch, 1873): Greece: Corfu —
Agios Georgios (23 8.iv.2004), Agrafi (13 8.v.2002), Antini-
otisa lake (18, 1?: 16.iv.2004), Kassiopi (28, 3?: 24.iv.2001;
1 &,19: 8.v.2002), lake Corission (29: 23.iv.2001), Loutses
(19:15.iv.2004).
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Olpiidae

Nanolpium sp.: South Africa: KwaZulu-Natal: Ndumo Game
Reserve (43 6.-10.i1.2005), 1gt. D. Kunz, det. M. Harvey, coll.
WAM.

Horus obscurus (Tullgren, 1907): South Africa: Soetdoring
Nature Reserve, leaf litter (18,19: spring 2004), lgt. C.
Haddad, det. M. Harvey, coll. WAM.

Calocheirus atopos (Chamberlin, 1930): Israel: Hatzeva (13
12.iii.2001), Igt. S. Pekar; Sde Boker (33: 26.iv.2001), lgt. S.
Pekar, (13,1 9: 20.iv.2004), 1gt. M. Rez4g.

Austrohorus sp. 1: Western Australia: Karijini National Park,
(13,19:9.ix.2003), det. M. Harvey, coll. WAM.

Austrohorus sp. 2: Western Australia: Kalbarri National Park
— the Loop, under stones (28 2.ix.2003), Igt. M. Stambergova,
det. M. Harvey, coll. WAM.

Minniza babylonica Beier, 1929: Israel: Sde Boker (43,1%:
30.ii1.—26.iv.2001), lgt. S. Pekar, det. V. Mahnert.

Calocheiridius libanoticus Beier, 1955: Turkey — Huzurkent
(8 km from Tarsus) (13 20.iv.2002), lgt. J. Skuhrovec, det. V.
Mahnert.

Olpium turcicum Beier, 1949: Isracl: Sde Boker, Haluquim
Ridge (33: 1.-10.xii.2004), 1gt. J. Kral, det. V. Mahnert.

Olpium pallipes (Lucas, 1849): Greece: Corfu — lake Coris-
sion (19: 23.iv.2001; 13, 5%: 7.v.2002; 23, 6Q: 13.iv.2004);
Portugal: Algarve, Aljezur, Praia da Bordeira near Lagos, cliffs
and sand dunes (29: 12.iv.2005), lgt. M. Rezag, det. V.
Mahnert.

Indolpium sp.: Western Australia: Kalbarri National Park, the
Loop, under stones (13: 2.ix.2003), 1gt. M. gtambergové, det.
M. Harvey, coll. WAM.

Methods

Chromosome preparations were made following the technique
described in detail by Stahlavsky & Kral (2004). Briefly, the
gonads or the whole content of the opisthosoma were hypoton-
ised in 0.075 M KCl for 15 min in geogarypids, and for 10 min
in olpiids and garypinids. The tissues were then fixed in a gla-
cial acetic acid : methanol (1 : 3) solution for at least 20 min.
After fixation a suspension was prepared in a drop of 60%
acetic acid on a microscope slide. The preparation was then dis-
placed on a warm histological plate (temperature 40-45°C); the
drop of suspension was moved on the surface of the slide by
tungsten needle until the drop had evaporated. Chromosome
preparations were stained with 5% Giemsa solution in Sérensen
phosphate buffer (pH = 6.8) for 30 min. in geogarypids, and for
20 min in olpiids and garypinids.

To obtain data on chromosome morphology, ten plates of a
suitable stage (mitotic metaphase or metaphase II) were meas-
ured and evaluated. In Geogarypus sp., the centromeric area was
marked by a prominent knob during diplotene, which enabled us
to identify the centromere and also use these plates for the
evaluation of chromosome morphology. Relative chromosome
lengths (Tables 1, 2) were calculated as a percentage of the total
chromosome length of the haploid set (TCL), including the sex
chromosome. Chromosome morphology was classified
according to Levan et al. (1964). In species where a sufficient
number of diplotene or diakinesis was obtained, the mean chi-
asma frequency was calculated per cell and per bivalent (Table
3). The mean chiasma frequency per bivalent was calculated as
the ratio between the mean chiasma frequency per cell and
number of bivalents. In olpiids with 2n = 7, mean values of rela-
tive chromosome lengths (% TCL) as well as arm ratio of corre-
sponding autosome pairs and X chromosome was compared by
nonparametric Mann-Whitney U Test (Table 4).



TaBLE 1. Genus Geogarypus. Chromosome relative lengths (% TCL) and centromeric indexes (AR) of species studied (mit —

mitotic metaphase, met II — metaphase II, dip — diplotene).

) Geogarypus sp. G. nigrimanus G. taylori
I]i?olf male — dip male — met II female — mit male — met II female — mit
% TCL AR % TCL AR % TCL AR % TCL AR % TCL AR

1 10.60 1.30 13.44 2.66 14.95 2.56 17.44 1.17 22.25 1.15

2 9.74 1.65 11.15 1.24 11.87 1.11 13.06 1.15 15.08 1.16

3 9.17 1.27 10.59 1.49 11.14 1.25 12.53 1.27 11.84 1.18

4 7.94 1.26 9.93 1.14 10.21 1.18 12.14 1.13 11.00 1.17

5 7.59 1.41 9.08 1.31 9.33 1.25 11.58 1.28 10.49 1.12

6 7.26 2.39 7.95 1.75 7.30 1.45 11.35 1.48 10.26 1.33

7 7.21 1.26 7.58 1.27 7.08 3.74 9.84 1.21 9.62 1.17

8 6.42 1.37 6.87 3.07 6.37 1.32 9.46 1.45

9 6.40 1.73 6.76 1.55 591 3.83

10 5.84 1.17

11 5.82 1.64

X 15.90 1.32 16.82 1.17 16.24 1.26 12.06 1.25
RESULTS phase of females (Fig. 2C). It forms 16.82% of TCL in
Geogarypidae metaphase II of males and 16.24% of TCL in female

Geogarypus sp.

The male chromosome complement is composed of 23
chromosomes, namely nine pairs of metacentric and two
pairs of submetacentric autosomes, and metacentric X
chromosome. Autosomes gradually decrease in size; their
relative lengths range from 10.06% to 5.82% of TCL in
male diplotene (Table 1). The X chromosome is the
longest element of the karyotype (15.90% of TCL).

Only some meiotic stages were observed. In pachytene,
the X chromosome is characterised by prominent negative
heteropycnosis (Fig. 1A). The transient stage between
pachytene and diplotene is marked by highly despiralised
chromatin of chromosomes, with the exception of the
centromere areas as well the X chromosome (Fig. 1B). In
contrast to the transient stage, only the large proximal
part of the short arm of X remains positively heteropyc-
notic during diplotene (Fig. 1C). This heteropycnotic seg-
ment forms up to 53.89% of the arm (mean + SD =
49.08% + 4.8, N = 5). During this stage, the centromeric
regions still formed prominent knobs; two to four ring
bivalents were observed. The mean chiasma frequency is
14.00 per cell or 1.27 per bivalent, respectively (Table 3).

Geogarypus nigrimanus

The male karyotype comprises 19 chromosomes; the
sex chromosome system is X0 (Fig. 2A). Male metaphase
II shows 6 metacentric, 2 submetacentric and 1 subtelo-
centric autosomes. The length of the chromosome pairs
gradually decreases in size from 13.44% to 6.76% of TCL
(Table 1). In the mitotic metaphase of females, we found
slight differences in the distribution of chromosome
types. It contains only 1 submetacentric but 2 subtelocen-
tric pairs of chromosomes. This difference is probably
caused by different spiralisation of some chromosome
pairs in the mitotic metaphase. The metacentric chromo-
some X is the largest chromosome in the karyotype, and
thus, it can also be easily recognised in the mitotic meta-

mitotic metaphase, respectively (Table 1).

We succeeded to investigate nearly the entire course of
meiosis in this species. During the beginning of prophase
I (leptotene and zygotene), the sex chromosome exhibits
conspicuous positive heteropycnosis (Fig. 1D). In con-
trast to previous species, all chromosomes are isopycnotic
in the pachytene (Fig. 1E). The transient stage between
pachytene and diplotene is characterised by highly despi-
ralised chromatin, with exception of the centromere areas
as well as part of the X chromosome. The centromere
areas are marked by a prominent knob and the proximal
part of one X chromosome arm displays positive hetero-
pycnosis (Fig. 1F). During diplotene and diakinesis, all
chromosomes are isopycnotic. From metaphase II, the X
chromosome starts to be positively heteropycnotic once
again (Fig. 1H). This period of heteropycnosis culminates
during following anaphase II (Fig. 11).

Males of G. nigrimanus exhibit a higher chiasma fre-
quency than the previous species during late prophase 1.
Only one bivalent has a single chiasma whereas all other
bivalents usually possess two or even three chiasmata
(Fig. 1G). The mean chiasma frequency is 16.87 per cell
or 1.87 per bivalent, respectively (Table 3).

Geogarypus taylori

The diploid chromosome number of males is 15 and all
chromosomes are metacentric (Fig. 2B). The relative
lengths of the autosomes range from 17.44% to 9.84% of
TCL in male metaphase II (Table 1). The metacentric X
chromosome forms 12.06% of TCL. During this stage,
the X chromosome is extremely superspiralised and thus
exhibits prominent positive heteropycnosis. The mitotic
diploid complement of the female contains 16 chromo-
somes; all chromosomes are metacentric, as in the male
(Fig. 2D). In both sexes the first autosome pair is dis-
tinctly longer than all other chromosomes (Table 1). The
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Fig. 1. Course of male meiosis in the genus Geogarypus. A — C Geogarypus sp. (South Africa). A — pachytene: sex chromosome
exhibits negative heteropycnosis; B — diffuse stage: X chromosome is positively heteropycnotic; C — diplotene: part of sex chromo-
some displays positive heteropycnosis, three bivalents have two chiasmata. Scale bar = 10 um (valid for A-C). D — I Geogarypus
nigrimanus. D — zygotene: sex chromosome exhibits positive heteropycnosis; E — pachytene: all chromosomes are isopycnotic; F —
diffuse stage: part of the sex chromosome is positively heteropycnotic; G — diakinesis: all chromosomes are isopycnotic, one biva-
lent exhibits three chiasmata (asterisk); H — metaphase II: sex chromosome displays positive heteropycnosis; I — anaphase II: sex
chromosome differs by positive heteropycnosis. Scale bar = 10 um (valid for D-I). Arrowheads indicate sex chromosomes; arrows

show bivalents with two chiasmata.

X chromosomes can therefore not be recognised based on
size or morphology in the mitoses of females (Fig. 2D).

Despite the fragmentary data obtained, the course of
meiotic division seems to be similar to G. nigrimanus.
During leptotene and zygotene the sex chromosome
exhibits positive heteropycnosis. On the other hand, all
chromosomes are isopycnotic during pachytene,
including the X chromosome. In metaphase II, the sex
chromosome is newly positively heteropycnotic. Hetero-
pycnosis during metaphase II is more prominent than in
the previous species.

Garypinidae
Garypinus dimidiatus

The diploid chromosome number is 33 in males (Fig.
3A) and 34 in females (Fig. 3B). The male karyotype
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comprises 8 metacentric and 8 submetacentric pairs of
autosomes, and one large submetacentric X chromosome
(it forms 10.06% of TCL). The relative lengths of the
autosomes decrease gradually from 8.23% in the first pair
to 4.47% of TCL in pair No. 14. The last two autosome
pairs are much shorter than the preceding ones (they form
2.90% and 2.59% of TCL, respectively) (Table 2). Con-
sidering meiosis, we only observed metaphase II of
males. During this stage, the X chromosome displays
negative heteropycnosis (Fig. 6J).

Olpiidae
Nanolpium sp.

The male diploid complement contains 23 chromo-
somes (Fig. 3C). The male karyotype consists of three
pairs of metacentric and eight pairs of acrocentric auto-



TaBLE 2. Families Garypinidae and Olpiidae. Chromosome relative lengths (% TCL) and centromeric indexes (AR) of species

studied (mit — mitotic metaphase, met II — metaphase II).

Garypinus dimidiatus Nanolpium sp. Horus obscurus Calocheirus atopos  Minniza babylonica
Pair male — met 11 female — mit male — met I1 female — mit male — mit female — mit
No. %TCL AR  %TCL AR %TCL AR %TCL AR %TCL AR %TCL AR
1 8.23 1.82 834 222 12.19 1.45 12.68 1.12 11.26 1.50 20.13 1.13
2 7.43 2.48 7.77  1.86 10.97 1.24 11.29 1.64 10.15 1.25 16.13 1.53
3 7.22 2.16 7.69  2.60 9.83 1.28 9.55 1.43 9.42 1.17 16.53 2.17
4 6.83 2.97 724 279 8.75 - 8.35 1.13 9.20 1.27 14.24 1.41
5 6.62 2.40 7.04  1.65 7.83 - 8.28 1.15 8.87 1.49 13.74 1.27
6 6.31 1.67 620 1.90 7.38 - 7.45 1.59 8.30 1.38 10.43 1.19
7 5.92 1.62 589  1.68 7.09 - 7.20 1.24 7.95 1.29 9.20 1.20
8 5.78 1.16 587 134 6.76 - 5.72 1.82 7.72 2.38
9 5.46 1.70 532 1.13 6.35 - 5.63 1.23 6.98 245
10 5.35 1.72 5.07 130 5.98 - 5.03 5.33 6.80 3.35
11 5.11 1.66 498  1.66 5.54 -
12 4.97 1.89 478 2.24
13 4.74 1.56 4.71 1.28
14 4.47 1.63 4.07 197
15 2.90 2.20 317  1.53
16 2.59 1.51 3.01 1.98
X 10.06  1.78 893 1.71 11.33 1.71 18.82 1.18 13.36 1.52
Calt.)cheiri'dius Olgium Olpium pallipes Indolpium sp.
Pair libanoticus turcicus Greece — Corfu Portugal
No. male — mit male — mit male — mit female — mit female — mit male — met II
% TCL AR % TCL AR % TCL AR % TCL AR % TCL AR % TCL AR
1 19.90 7.83 35.57  1.10 35.97 1.36 39.09 1.58 40.82 1.38 36.64 1.27
2 18.00 5.32 28.97 1.09 32.97 1.13 31.07 1.17 31.97 1.25 32.05 1.12
3 16.50  8.24 13.15 - 10.88 1.09 9.61 1.18 8.47 1.39 9.05 3.38
4 13.61  9.09
5 9.40 1.34
X 22.58  1.13 2223 1.10 20.19 - 20.33 - 18.73 1.15 22.26 1.16

somes, and one large submetacentric X chromosome.
More accurately, the X chromosome is metacentric in
some cases (mean arm ratio + SD = 1.71 £+ 0.16) (Table
2). Autosomes gradually decrease in size from 12.19% to
5.54% of TCL. In meiosis, we found an enhanced chi-
asma frequency: three to eight of the bivalents possess
two chiasmata, and one bivalent contains even three chi-
asmata in four cases. Mean chiasma frequency was
counted as 14.40 per cell (1.31 per bivalent) (Table 3). In
contrast to the other species analysed, chiasmata of ring
bivalents are located more proximally, being interstitial or
even pericentromeric (Fig. 6H).

Horus obscurus

Data on the male karyotype are based on plates of pro-
phase I only; diplotene consists of 10 autosome bivalents
and a metacentric univalent X (Fig. 6F). The female
mitotic metaphase comprises 22 chromosomes (Fig. 4A).
Almost all autosomes of the female are metacentric, with
the exception of submetacentric pair No. 8 and subtelo-
centric pair No. 10. Autosomes gradually decrease in size
from 12.68% to 5.03% of TCL. The female karyotype

contains a pair of large metacentric X chromosomes that
form 18.82% of TCL (Table 2).

At the male diplotene, the whole sex chromosome
exhibits positive heteropycnosis. During this stage, quite
a high number of chiasmata per cell was observed (Fig.
6F), ranging from 11 to 15. Mean chiasma frequency is
12.69 per cell (1.27 per bivalent) (Table 3). In one case,
one bivalent exhibits even three chiasmata (Fig. 6F).

Calocheirus atopos

The male mitotic metaphase includes 21 chromosomes
(Fig. 4B). Autosome pairs gradually decrease in size from
11.26% to 6.80% of TCL. Metacentric chromosomes pre-
dominate in this species; seven autosome pairs are meta-
centric whereas only two short pairs are submetacentric
(No. 8 and 9); the shortest pair is subtelocentric (Table 2).
The metacentric X chromosome (arm ratio 1.52) is the
largest chromosome in the karyotype. It forms 13.36% of
TCL (Table 2) and is thus clearly discernible in the
mitotic metaphases too. Concerning meiosis, we obtained
only pachytene (Fig. 6B) and diplotene (Fig. 6G) of
males. In both stages the X chromosome exhibits promi-
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Fig. 2. A — D Karyotypes of the genus Geogarypus. A — male of G. nigrimanus, 2n = 19, X0 (assembled from 2 sister metaphase
II plates); B — male of G. faylori, 2n = 15, X0 (assembled from 2 sister metaphase II plates); C — female of G. nigrimanus, 2n = 20,
XX (mitotic metaphase); D — female of G. taylori, 2n = 16, XX (mitotic metaphase). Scale bar = 10 pm.

nent positive heteropycnosis. In the diplotene, ten biva-  in 2-5 bivalents. Mean chiasma frequency is 12.67 per
lents and a univalent X are visible. The majority of biva-  cell (Table 3).
lents include one chiasma; two chiasmata were observed

TaBLE 3. Mean chiasma frequency in selected species of the families Geogarypidae and Olpiidae.

Species 2n No. of analysed cells fl}ange of chiasma Mean chiasma frequen.cy
requency per cell per cell per bivalent
Geogarypus sp. 23 5 13-15 14.00 1.27
Geogarypus nigrimanus 19 83 16-20 16.87 1.87
Nanolpium sp. 23 53 15-19 14.40 1.31
Horus obscurus 21 19 11-15 12.69 1.27
Calocheirus atopos 21 18 11-14 12.67 1.27
Austrohorus sp. 1 19 15 9-10 9.53 1.06
Austrohorus sp. 2 19 26 9-11 9.50 1.06
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Fig. 3. A — C Karyotypes of garypinids and olpiids. A — male of Garypinus dimidiatus, 2n = 33, X0 (assembled from 2 sister meta-
phase II plates); B — female of G. dimidiatus, 2n = 34, XX (mitotic metaphase); C — male of Nanolpium sp., 2n = 23, X0 (assembled
from 2 sister metaphase II plates). Scale bar = 10 um.
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Fig. 4. A — D Karyotypes of olpiids constructed from mitotic metaphases. A — female of Horus obscurus, 2n = 22, XX; B — male
of Calocheirus atopos, 2n = 21, X0; C — female of Minniza babylonica, 2n = 14, XX; D — male of Calocheiridius libanoticus, 2n =

11, XO0. Scale bars = 10 um.

Austrohorus sp. 1 and Austrohorus sp. 2

In these two species from Western Australia we only
obtained the diplotene stage. Diplotene plates of both spe-
cies contain nine bivalents and one short univalent that
represents the X chromosome (Figs 6D, 6E). In diplotene,
the majority of bivalents bear one chiasma only.
However, some plates contained one (Austrohorus sp. 1)
or two bivalents (Austrohorus sp. 2) with two chiasmata.
Chiasma frequency is nearly the same in both species.
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Mean chiasma frequency is 9.53 per cell in Austrohorus
sp. 1 and 9.50 in Austrohorus sp. 2 (Table 3).

Minniza babylonica

Chromosome plates were only obtained in females;
mitotic metaphase consists of 14 chromosomes (Fig. 4C).
Metacentric chromosomes predominate in the karyotype,
and only the second pair of autosomes is submetacentric.
Chromosomes gradually decrease in size from 20.13% to
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Fig. 5. A — B Karyotypes of olpiids with the lowest number of chromosomes; constructed from mitotic metaphases. A — male of
Olpium turcicus, 2n =7, X0; B — male of O. pallipes (Corfu), 2n = 7, X0; C — female mitotic metaphase of O. pallipes (Corfu): note
acrocentric X chromosomes; D — female mitotic metaphase of O. pallipes (Portugal): metacentric morphology of all chromosomes
indicates that X chromosomes are metacentric; E — G male meiosis of Indolpium sp., 2n = 7, X0. E — leptotene; F — diplotene:
numerous chiasmata are indicated by arrows; G — early anaphase I. Arrowheads show sex chromosomes. Scale bar = 10 um.

TaBLE 4. Olpiids with 2n = 7. Comparison of karyometric data of particular chromosome pairs by Mann-Whitney U Test. % TCL
— mean value of chromosome relative length.

. Pair % TCL Arm ratio
Compared species
No. U Z p-level U Z p-level

Olpium turcicus x O. pallipes 1 193 -0.98 0.33 35 —4.75 0.00
Olpium turcicus % O. pallipes 2 58 —4.20 0.00 184 -1.19 0.23
Olpium turcicus x O. pallipes 3 53 4.32 0.00 0 5.59 0.00
Olpium turcicus x O. pallipes X 105 3.08 0.00 0 -5.59 0.00
Olpium turcicus * Indolpium sp. 1 102 -1.70 0.09 58 -3.08 0.00
Olpium turcicus * Indolpium sp. 2 27 —4.05 0.00 126 -0.94 0.35
Olpium turcicus > Indolpium sp. 3 0 4.90 0.00 11 4.55 0.00
Olpium turcicus x Indolpium sp. X 141 -0.47 0.64 64 -2.89 0.00
Olpium pallipes % Indolpium sp. 1 82 -1.10 0.27 75 1.40 0.16
Olpium pallipes % Indolpium sp. 2 97 0.47 0.64 106 —-0.08 0.93
Olpium pallipes % Indolpium sp. 3 15 3.94 0.00 0 —4.57 0.00
Olpium pallipes % Indolpium sp. X 47 -2.58 0.01 0 4.57 0.00
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Fig. 6. A —J Course of meiosis in olpiids and garypinids. A — Horus obscurus, interphase before meiotic division: the X chromo-
some is positively heteropycnotic; B — Calocheirus atopos, pachytene: sex chromosome displays positive heteropycnosis; C —
Calocheiridius libanoticus, diffuse stage: X chromosome possesses positive heteropycnosis; D — Austrohorus sp. 1, diplotene; E —
Austrohorus sp. 2, diplotene; F — Horus obscurus, diplotene: note positive heteropycnosis of X chromosome, one bivalent exhibits
three chiasmata (asterisk); G — Calocheirus atopos, diplotene: sex chromosome is positively heteropycnotic; H — Nanolpium sp.,
diplotene: note positive heteropycnosis of X chromosome; I — Nanolpium sp., metaphase II: X chromosome displays positive hetero-
pycnosis; J — Garypinus dimidiatus, metaphase 1I: X chromosome exhibits negative heteropycnosis. Arrowheads indicate sex chro-
mosomes; arrows show bivalents with two chiasmata. Scale bar = 10 pm.

9.20% (Table 2). We were not able to distinguish sex
chromosomes, neither according to size nor morphology.

Calocheiridius libanoticus

The male diploid chromosome number is 11 (Fig. 4D).
In contrast to the majority of olpiid species studied, acro-
centric chromosomes predominate in the karyotype of C.
libanoticus. The autosome complement consists of three
pairs of acrocentric, one pair of subtelocentric (No. 2) and
one pair of metacentric chromosomes (No. 5). Autosome
pairs gradually decrease in size from 19.90% to 9.40% of
TCL (Table 2). The metacentric chromosome X is the
largest chromosome of the haploid set (22.58% of TCL).
Among rare figures of male prophase I, we observed
plates characterised by extensive decondensation of auto-
some chromatin. However, chromosome X is superspiral-
ised and displays positive heteropycnosis in this stage
(Fig. 6C).
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Olpium turcicum

The male mitotic metaphase contains 7 chromosomes
only (Fig. 5A). Chromosome pairs No. 1 and 2 are large
metacentrics; they form nearly two thirds (64.53%) of
TCL. In contrast to this, pair No. 3 is acrocentric and only
occupies 13.15% of TCL (Table 2). Chromosome pair
No. 1 bears a conspicuous secondary constriction at the
subterminal part of the long arm. This species possesses a
X0 sex chromosome system with a metacentric X chro-
mosome; its relative length is 22.23% of TCL.

Olpium pallipes

The male mitotic metaphase contains 7 chromosomes
(Fig. 5B). The first two autosome pairs are formed by
similar metacentric chromosomes of enormous size; the
length of the hypotonised autosome No. 1 is approxi-
mately 29 um. The first and second autosome pairs
occupy 35.97% and 32.97% of TCL, respectively. The
third autosome pair is formed by shorter metacentrics; it



forms 10.88% of TCL (length of the hypotonised chro-
mosome No. 3 is approximately 9 pm) (Table 2). This
species displays a X0 sex chromosome system. In con-
trast to other olpiids analysed, the X chromosome is acro-
centric in the Corfu population (Figs 5B, 5C). In males, it
forms 20.19% of TCL (Table 2); its size is around 16 pm
in hypotonised mitotic metaphases.

In this species, we also had the chance to obtain mitotic
plates from two females of a population from Portugal.
Interestingly, the mitotic metaphases are composed of
metacentric chromosomes only (Fig. 5D). This finding
indicates that the X chromosome is metacentric. The
autosome pairs possess similar length and morphology to
the population from Corfu (Table 2).

Indolpium sp.

The male karyotype of this species from Western Aus-
tralia is only composed of 7 chromosomes (Fig. 5G), as in
Olpium turcicum and O. pallipes. The autosome comple-
ment is very similar to O. pallipes from South Europe.
The first two autosome pairs are formed by large meta-
centric chromosomes; each of them forms more than a
third of TCL. The last autosome pair is represented by
shorter subtelocentrics that form 9.5% of TCL (Table 2).
Indolpium sp. exhibits a large metacentric sex chromo-
some.

Positive heteropycnosis was observed in the X chromo-
some from the beginning of the first meiotic division
(Fig. 5E) up to the early anaphase I (Fig. 5G). During
diplotene, a high number of chiasmata per bivalent was
observed (Fig. 5F). Large bivalents formed by metacen-
tric autosomes possess four to five chiasmata, with two or
even three on each chromosome arm. The shorter subtelo-
centric autosome pair exhibits one or two chiasmata (in
the latter case it forms a ring bivalent).

DISCUSSION

Pseudoscorpions are poorly characterised chromo-
somally. In the present study, we described the karyo-
types of the microorder Mestommatina, namely
representatives of the families Geogarypidae, Garypinidae
and Olpiidae, for the first time. In the sole member of the
family Garypinidae studied, the diploid number was quite
high (male 2n = 33). The families Geogarypidae and
Olpiidae are typically characterised by low numbers of
chromosomes. Based on results previously obtained in
pseudoscorpions (Troiano, 1990, 1997; Stéhlavsky,
2000; St’éhlavsk}'/ et al., 2005), we consider the low chro-
mosome numbers in these families to be a result of con-
siderable reduction. In males of the genus Geogarypus
(Geogarypidae), the diploid number of chromosomes
ranged from 15 to 23. In the family Olpiidae, the number
of chromosomes was reduced even more dramatically.
Based on the study of ten species, we found the male 2n
to range from 7 (Olpium pallipes, O. turcicum, and Indol-
pium sp.) to 23 (Nanolpium sp.). This study has uncov-
ered the lowest known number of chromosomes in
pseudoscorpions, a male diploid chromosome number of
seven, which is amongst the lowest ever recorded
amongst arachnids. This low diploid number has only

been found in Ariadna lateralis (Araneae: Segestriidae), a
primitive araneomorph spider exhibiting holokinetic chro-
mosomes (Suzuki, 1954). More reduced chromosome
numbers are often discovered in some mites exhibiting
haplodiploidy. In mites of the suborder Mesostigmata, the
diploid number can be as low as six (Oliver, 1977). This
chromosome number was also discovered in one popula-
tion of the scorpion Tityus bahiensis (Buthidae), a species
noted for considerable differences of chromosome num-
bers among different populations studied (White, 1973).
In some mites of the suborder Prostigmata, diploid num-
bers as low as four have been reported (Norton et al.,
1993).

In spite of a considerable reduction in diploid numbers,
the X0 sex chromosome system is preserved in all pseu-
doscorpion species examined during this study. It is the
most frequently occurring mode in pseudoscorpions and
has been found in various disparate families. Thus it is
regarded as the ancestral system in pseudoscorpions
(Troiano, 1990; St’éhlavsky & Kral, 2004). The extant
chromosome segment on one arm of the X chromosome
shows prominent positive heteropycnosis in Geogarypus
during prophase 1. We suppose that positive heteropyc-
nosis may reflect a predominance of constitutive hetero-
chromatin. In contrast to all other pseudoscorpions
studied so far, the X chromosome of O. pallipes from
Corfu is acrocentric. We suggest that this acrocentric sex
chromosome developed by a pericentric inversion from
an ancestral metacentric X chromosome. This initial con-
dition is still preserved in the population of O. pallipes
from Portugal (Fig. 5D). Because pericentric inversions
can play an important role in reproductive isolation of
putative species, especially in sex chromosomes (King,
1993), we consider that the taxonomic status of these
chromosome forms of O. pallipes to be suspect and that
more than one biological species may be present. Here,
we classify them as two different chromosome races. It is
therefore essential to analyse the karyotypes and mor-
phology of other populations of O. pallipes, especially
within the distribution range of this species between Por-
tugal and Corfu, i.e. from Spain, South France, Italy and
the Balkan Peninsula, to clarify the taxonomic status of
this species.

The X chromosome exhibits heteropycnosis in some
meiotic stages. In the genus Geogarypus we observed
interspecific differences during meiotic heteropycnosis.
We assume that negative heteropycnosis of the X chro-
mosome during pachytene of Geogarypus sp. might
reflect the metabolic activity of the sex chromosome
during that stage. The relationship between the negative
heteropycnosis of the sex chromosome and its metabolic
activity during the ecarly stages of spermatogenesis has
been demonstrated, for example, in some grasshoppers
(Church, 1979).

During the first meiotic division of males it was pos-
sible to observe a high number of chiasmata in some spe-
cies; up to five per bivalent in Indolpium sp. Despite
these findings, we did not explicitly establish a relation-
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ship between the reduction of chromosome numbers and
rise of chiasma frequency per bivalent (Table 3).

The transient stage between pachytene and diplotene
was typically characterised by extensive decondensation
of chromatin in males of geogarypids and Calocheiridius
libanoticus. We interpret these plates as the so-called
diffuse stage. The diffuse stage is often classified as a
separate period of prophase during the first meiotic
division (Benavente & Wettstein, 1980). Until now, it
was demonstrated in various animals and plants, usually
between pachytene and diplotene. Increased metabolic
activity of the diffuse stage is expressed by the large size
of the nucleus, lack (or imperfect morphology) of the
synaptonemal complex, and considerable decondensation
of chromatin. This stage apparently occurs most often in
females due to the need to synthesise reserve substances
in developing oocytes, as in humans; the occurrence in
spermatocytes is not as common (Benavente & Wettstein,
1980). A diffuse stage is recorded in pseudoscorpions for
the first time. Amongst arachnids, it has been recorded in
some spiders (Suzuki, 1954; Benavente & Wettstein,
1980), ticks (Kahn, 1964), mites of the family Acaridae
(Haineman & Hughes, 1970), and the harvestman
Melanopa unicolor (Sharma & Dutta, 1959).

Previous studies on karyotype evolution within pseu-
doscorpions (Troiano, 1990, 1997; Stahlavsky & Kral,
2004) have shown that the considerable diversity observ-
able in their karyotypes is useful for cytotaxonomic stud-
ies. Results of the present study demonstrate that in the
families Geogarypidae and Olpiidae the karyotype diver-
sity also appears to be sufficient for taxonomic analyses.
However, the data obtained are too fragmentary and thus
do not allow us to reconstruct the karyotype evolution of
both families. In spite of this, comparison of representa-
tives from distant areas such as the Mediterranean, South
Africa and Western Australia allows us to make some
interesting conclusions. For example, to state the simi-
larity of the karyotypes of Horus obscurus (South Africa)
and Calocheirus atopos (Israel); karyotypes of these
olpiids differ in the morphology of one chromosome pair
only. Remarkable similarity was found in the karyotypes
of Olpium pallipes (Mediterranean), O. turcicus (Israel)
and Indolpium sp. (Western Australia). Their male karyo-
type consists of 7 chromosomes that exhibit similar mor-
phology (Table 2). The chromosome complement of these
species contains two large metacentric pairs and one
small pair of autosomes. Apart from the fact that O. pal-
lipes and Indolpium sp. belong to different genera, the
similarity in size of both large autosome pairs appears to
be significant, whereas in O. turcicus and O. pallipes it is
significant for the first pair of autosomes only (Mann-
Whitney U Test, p-level > 0.05) (Table 4). The small
autosome pair exhibits variable morphology: it is meta-
centric in O. pallipes, subtelocentric in Indolpium sp. and
acrocentric in O. turcicus. The distinctive morphology of
the third autosome pair can be easily explained by peri-
centric inversions. Stahlavsky & Kral (2004) found that
pericentric inversions were frequent in the karyotype dif-
ferentiation of the genus Chthonius. Moreover, this chro-
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mosome rearrangement probably also operated in the evo-
lution of the X chromosome in O. pallipes. The consider-
able similarities mentioned above may reflect a close
relationship between these three species. To clarify the
origin of the karyotypes with 2n = 7, we suggest to con-
centrate especially on the karyotype evolution of the
genera Olpium and Calocheiridius. The autosome com-
plement of Calocheiridius libanoticus from Turkey is
composed of three pairs of acrocentric, one pair of subte-
locentric and one pair of metacentric chromosomes. The
karyotype with seven chromosomes in O. turcicus may be
derived from the karyotype of Calocheiridius libanoticus
by two centric fusions. However, the true direction of the
evolution can only be specified by further karyotype
studies and/or by an analysis of molecular phylogeny.

Lastly, we emphasise the substantial differences of the
karyotype of Garypinus dimidiatus (2n = 33, X0) from
the other pseudoscorpions examined in this study. This
species differs from the olpiids studied by its significantly
higher chromosome number and by the unusual negative
heteropycnosis of X chromosome during metaphase II.
These differences tend to support the recognition of a
separate family for Garypinus and its relatives, a status
which was recently proposed by Judson (2005). However,
our lack of sampling any other member of the Garyp-
inidae mitigates against any broad, sweeping assessments
of the differences observed thus far.
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11. PRILOHA 4

STAHLAVSKY F. 2003:

Zavéredna zprava o feseni projektu FRVS 2815/2003

Analyza druhového komplexu Neobisium carcinoides (Pseudoscorpiones).
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ZAavéredna zpriva o FeSeni projektu FRVS 2815/2003:

Projekt: Analyza druhového komplexu Neobisium carcinoides (Pseudoscorpiones).
Tem. okruh: G4 Spec.: a

Resitel: Frantisek Stahlavsky

Garant: Jiti Kral

Pracovisté: Univerzita Karlova, Pfirodovédecké fakulta, Katedra zoologie

CILE RESENI

Cilem ro¢niho projektu bylo doplnit zakladni karyologicky vyzkum Stirkt
(Pseudoscorpiones), provadény feSitelem v ramci jeho disertaéni prace a aplikovat
cytogenetické metody do taxonomie této morfologicky velmi uniformni skupiny. Konkrétné
se jednalo o vyfeSeni taxonomického postaveni druhu Neobisium carcinoides, ktery je
b&Znym evropskym druhem, Zijicim i na uzemi Ceské republiky. Pfi studiu karyotypt fesitel
objevil, Ze tento morfologicky variabilni druh je ve skute¢nosti komplexem druht, které se
vyrazng 1isi svym karyotypem. N. carcinoides druh je po celém tizemi svého rozsifeni jednim
z nejbeézngjsich Stirkl a vzhledem k tomu se Casto pouziva jako modelovy druh celého fadu
pii studiu mnoha obecnych otazek (biologie, populacni dynamiky, histologie, embryogeneze,
gametogeneze atd.). O revizi N. carcinoides a ptibuznych druhtt se na zékladé
morfologickych a morfometrickych znakti pokusil Mahnert (1988). Vzhledem k plynulym
ptechodiim (viz napt. graf 1) potvrdil synonimizaci druhti N. corticalis, N. germanicum a N.

gracile s druhem N. carcinoides.

POSTUP A ZPUSOB RESENI

Prvnim krokem bylo sestaveni karyotypi obou chromosomovych forem druhu
Neobisium carcinoides objevenych na uzemi Ceské republiky. V priibéhu studia karyotypt
byl proveden pokus modifikovat pro chromosomy S§tirkli C pruhovani a vizualizaci
nukleolarnich organizatori pomoci dusi¢nanu stiibrného, bohuzel vSak zatim neuspéSné.
Vzhledem k velkym rozdilim mezi karyotypy studovanych forem (tab. 2) postacovaly
k nasledné analyze chromosomové preparaty barvené jen Giemsou. Karyotypy byly
porovnany s vysledky u exemplaii z typovych lokalit druhti: N. carcinoides (Strasbourg), N.
corticalis (Niirnberg), N. germanicum (Muggendorf), N. gracile (Oberfalz) a N. minimum
(Bohinska). Vzhledem k menSimu mnozstvi ziskanych jedinci z typovych lokalit byly

k nasledné podrobné morfologické a morfometrické analyze pouzity exemplaie z Cech. Pro
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tyto analyzy byly pouzity pouze exempléfe, které bylo mozno piesné ptifadit k jednotlivym
karyotypovym formam. Vzhledem ke komplikacim pfi ziskavéani kvalitnich karyologickych
preparatli ze samic byli analyzovani pouze samci. Tim se také odstranily ptipadné komplikace
pii porovnavani znakl (zejména morfometrickych), jejichz variabilita by mohla byt
zpusobena pohlavnim dimorfismem. Vysledky, ziskané morfologickou a morfometrickou
analyzou byly poté porovnany s materidlem z typovych lokalit.

Pti morfologickém srovnani byly sledovany rozdily ve znacich standardné pouzivanych
v taxonomii $tirkGl (chaetotaxie, tvar a stavba povrchovych struktur). Tyto znaky byly
sledovany nejen pomoci optického, ale i pomoci elektronového mikroskopu. Morfometrické
znaky se rovnéz velmi ¢asto pouzivaji v taxonomii $tirkii (ikdyz podrobnych studii tykajicich
se variability téchto znakll je stidle velmi madlo). Pro srovnani morfometrie riznych
karyotypovanych forem bylo pouzito celkem 53 télesnych rozméra a jejich riznych pomért
(Chamberlin 1931)(tab. 1). Diskrimina¢ni analyzou byly nésledné ziskany znaky, pomoci
kterych je mozné nejlépe rozlisit oba druhy stanovené pouze na zaklad¢ srovnani karyotypi.
Zjisténé rozdily byly porovndny s typovym materidlem, coz umoznilo pfifadit jednotlivé
karyotypové formy ke spravnym "typtim". Timto zptsobem bylo moZno posoudit opravnénost

synonimizaci uskute¢nénych pouze na zaklad¢ vnéjsich znaku.

VYSLEDKY A VYSTUPY RESENI

Srovnani karyotypt nékolika populaci druhu Neobisium carcinoides z Ceské republiky
prokazalo vyskyt dvou naprosto odlisnych forem na tomto uzemi. Prvni forma (dale forma I)
se vyznacuje vy$$im poétem chromosomil (2n 4=70, XY), velikost chromosomti v karyotypu
se rovnomérné zmensSuje (fig. 1). Druhd forma (dale forma II) se vyznacuje niz§im poctem
chromosomt (2n 4=54, XY), prvni dva pary autosomii jsou napadné del3i nez ostatni pary
(fig. 2). Karyotypy obou forem jsou tedy napadné odlisné. Obé formy se na vétSing
studovanych ceskych lokalit vyskytuji syntopicky, hybridi mezi obéma formami nebyli
nalezeni. Obé formy proto povaZzujeme za druhy. Srovnani jejich vnéj$i morfologie neodhalilo
zadné vyrazné rozdily, malé rozdily ukazalo az studium elektronovym mikroskopem. Forma I
ma napadnéjsi snovaci hrbol (fig. 4) na pohyblivém prstu chelicery nez forma II (fig. 5).

Rozliseni obou forem pomoci karyotypiti umoznilo pouzit diskrimina¢ni analyzu jejich
morfometrickych znackl. Diky ni byly ziskdny znaky, které umoziuji nejlépe rozlisit obé
formy na zakladé méteni téchto znaki ( viz tab. 1: znak €. 6 (Sitka tibie), znak ¢. 13 (délka

ruky), znak €. 17 (délka karapaxu), znak ¢. 19 (Sitka karapaxu 2), znak ¢. 31 (délka
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metatarsu), znak ¢. 40 (délka femuru 2), znak ¢. 46 (délka metatarsu), znak ¢. 53 (vzdalenost
hmatové sety od konce ¢lanku tarsu)).

Studium karyotypu populace druhu N. carcinoides na typové lokalité¢ (Strasbourg)
prokazalo pouze vyskyt formy I, ktera se 1isi od ¢eskych populaci jen pfitomnosti vyrazné
sekundarni konstrikce na jednom chromosomovém paru. Vnéjsi morfologie a morfometrie
formy I z Ceské republiky a populace z typové lokality N. carcinoides je napadné podobna,
coz plati i pro typovy material. Formé I 1ze proto ptifadit platné jméno Neobisium catcinoides.

Studium karyotypti populaci na némeckych typovych lokalitach (N. corticalis,
Niirnberg) a (N. germanicum, Muggendorf), kterké se nachazeji velmi blizko sebe, prokazalo
na obou mistech syntopicky vyskyt formy I a II. Vnéjsi morfologie i morfometrie obou forem
odpovidaji varabilité Eeskych populaci. Cesky material bylo zatim bylo mozné porovnat
pouze s typovym materidlem N. germanicum z lokality Muggendorf. Lokalizace typového
matrialu N. corticalis (Niirnberg) a N. gracile (Oberfalz) nebyla zatim vystopovana a srovnani
snim tedy neni zatim mozné. Vné&j$i morfologie i morfometrie typového materialu N.
germanicum odpovida formé I. N. germanicum je tedy synonymem N. carcinoides.

Studium karyotypu populace na typové lokalit¢ N. minimum (Bohinska Bistrica)
prokéazalo pouze vyskyt formy II. Pfi srovnani morfometrie této populace byl vSak zjistén
napadny rozdil oproti typovému materialu N. minimum. Vzhledem k nepiesné specifikaci
typové lokality nebyla patrné karyotypovéna spravnd populace. Katastr obce Bohinska
Bistrica se nachazi v Julskych alpach, jedna se o pomérné rozséhlé tizemi s velkou ¢lenitosti
reliéfu.

Ziskané vysledky ukazuji, ze karyologie mize hrat, v kombinaci s podrobnym studiem
vnéj§i morfologie a morfometrikou, vyznamnou roli v objasnéni mnoha taxonomickych
problémi v ftadu S$tirkli (Pseudoscorpiones). Takovych problém se vramci Cceledi
Neobisiidae, ktera je taxonomicky obtiznou skupinou, vyskytuje velka fada. V nasem ptipadé
se podafilo rozkryt taxonomii morfologicky polymorfnimu druhu N. carcinoides. Ukazuje se,
ze se jedna o komplex kryptickych druhti, které 1ze morfologicky rozlisit jen velmi obtizné
nebo vibec. Platnému jménu N. carcinoides odpovida forma I s vy$§im po¢tem chromosomii.
Byla potvrzena synonimizace N. germanicum s N. carcinoides. Pokud nebude nalezen typovy
material N. gracile a N. corticalis, bude z karyotypovaného materialu stanoven neotyp formy
II, kterému bude pfifazeno jedno z vySe uvedenych pouZitelnych jmen. Pfestoze se nejspis
nepodafilo karyotypovat N. minimum, da se pfedpokladat, ze se jedna o samostatny druh, jak

se domniva Mahnert (1988), a to vzhledem k napadné odlisnosti v morfometrii vzhledem k
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formam I a II. Vysledky studia tak ukazuji, Ze prezentace vysledki formou odborného ¢lanku
je po pouhém ro¢nim studiu zatim predcasna.

Ziskané¢ vysledky byly prezentovany formou posteru na XXI. Evropském
arachnologickém kolokviu v Petrohrad¢ (srpen 2003). Studium taxonomicky obtizné skupiny
kombinaci tradi¢nich metod, elektronové mikroskopie a cytogenetiky bylo kladné hodnoceno
nejen specialisty zabyvajicimi se Stirky, ale 1 ostatnimi Uc€astniky védeckého setkani. Ve
studentské soutézi byl piispévek zatazen mezi nejlepsi prezentace a odménén cenou. Uast na
tomto kolokviu méla i konkrétni vystup, nékteti specialisté pfislibili pomoc pfi ziskavani
zahrani¢niho materidlu. To umozni rozkryt vice danou problematiku. Predev§im je nutno
dokon¢it synonimizaci vSech forem z okruhu N. carcinoides. Piedbézné vysledky z dalSich
oblasti Evropy naznacuji, ze situace je mnohem kopmlikovanéjsi a Ze komplex N. carcinoides
zahrnuje jeSté dal$i kryptické druhy. V tomto sméru se jevi jako vysoce zddouci ziskani
dalsiho grantového projektum ktery by umoznil studium dalSich evropskych populaci N.
carcinoides z oblasti mimo sttedni Evropu.

Dalsim konkrétnim vystupem byla pednaska na seminati Arachnologické sekce Ceské
entomologické spolecnosti v Pardubicich (listopadu 2003), naplanovand je prezentace na
Zoologickych dnech v Brné (inor 2004). Timto zptisobem se s problematikou seznami ¢eska

odborna vetejnost.

Literatura:
Chamberlin J.C. 1931: The arachnid order Chelonethida. Stanford university Publications, Biological Sciences 7(1): 1-184.
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Tabulka 1: Morfometrie ¢eskych populaci forem I a II druhu Neobisium carcinoides (rozméry jsou uvedené v mm).

forma | (2n = 70) forma Il (2n = 54)
Pedipalp primér min. max. | prumér min. max.
1délka trochanteru 0,43 0,36 0,52 0,36 0,31 0,41
2délka femuru 0,87 0,68 1,07 0,70 0,60 0,75
3sitka femuru 0,20 0,17 0,24 0,17 0,14 0,20
4pomér 2/3 4,30 3,51 4,56 4,04 3,60 4,39
5délka tibie 0,61 0,51 0,70 0,50 0,42 0,54
65irka tibie 0,23 0,19 0,29 0,21 0,18 0,23
7pomér 5/6 2,65 2,42 3,02 2,36 225 2,50
8délka tarzu bez stopky 1,49 1,29 1,78 1,13 1,00 1,25
98ifka tarzu bez stopky 0,42 0,35 0,50 0,34 0,27 0,46
10pomér 8/9 3,59 2,70 4,03 3,33 2,53 3,66
11délka stopky 0,07 0,06 0,08 0,06 0,05 0,07
12délka prstu 0,94 0,80 1,12 0,71 0,64 0,77
13délka ruky 0,62 0,54 0,76 0,48 0,42 0,53
14 vzdalenost sety it od Spi¢ky prstu 0,19 0,15 0,21 0,16 0,13 0,18
15vzdalenost sety ist od Spicky prstu 0,31 0,27 0,35 0,26 0,23 0,29
16vzdalenost sety ib od $picky prstu 0,78 0,66 0,94 0,57 0,52 0,66
Karapax
17 délka karapaxu 0,68 0,60 0,82 0,61 0,48 0,66
188irka karapaxu 1 0,58 0,52 0,66 0,50 0,45 0,54
198itka karapaxu 2 0,69 0,58 0,95 0,57 0,51 0,64
20délka maxily 0,47 0,42 0,54 0,41 0,36 0,44
Koncetin 1. paru noh
21délka koxy 0,30 0,25 0,35 0,25 0,23 0,27
22délka femuru 1 0,46 0,41 0,56 0,38 0,33 0,44
23$itka femuru 1 0,13 0,11 0,25 0,10 0,09 0,12
24pomér 22/23 3,69 1,88 4,14 3,65 3,27 3,98
25délka femuru 2 0,28 0,24 0,33 0,23 0,20 0,26
268irka femuru 2 0,11 0,09 0,14 0,09 0,08 0,11
27 pomér 25/26 2,59 221 2,82 2,47 2,00 2,79
28délka tibie 0,33 0,29 0,40 0,27 0,23 0,30
293irka tibie 0,08 0,07 0,11 0,07 0,07 0,08
30pomer 28/29 4,09 3,49 444 3,68 3,36 4,45
31délka metatarsu 0,22 0,18 0,26 0,17 0,13 0,18
328irka metatarsu 0,06 0,06 0,08 0,06 0,05 0,07
33pomer 31/32 3,36 3,00 3,93 2,91 2,48 3,25
34délka tarsu 0,29 0,21 0,33 0,23 0,20 0,27
358irka tarsu 0,06 0,05 0,07 0,05 0,05 0,06
36 pomér 34/35 5,05 4,00 5,56 4,22 3,58 4,78
Koncetina 4. paru noh
37délka femuru 1 0,38 0,33 0,44 0,31 0,28 0,33
388irka femuru 1 0,27 0,24 0,32 0,24 0,18 0,28
39pomer 37/38 1,41 1,34 1,50 1,29 1,17 1,51
40délka femuru 2 0,47 0,39 0,54 0,37 0,32 0,42
41 Sirka femuru 2 0,27 0,24 0,32 0,24 0,18 0,28
42pomér 40/41 1,72 1,65 1,85 1,54 1,41 1,74
43délka tibie 0,64 0,55 0,76 0,51 0,44 0,57
443itka tibie 0,13 0,10 0,16 0,11 0,09 0,14
45pomér 43/44 5,05 4,23 577 4,63 3,82 5,50
46délka metatarsu 0,30 0,25 0,36 0,24 0,21 0,29
47 Sitka metatarsu 0,10 0,08 0,25 0,08 0,07 0,09
48pomér 46/47 3,12 1,16 3,72 3,07 2,60 3,50
49vzdalenost hmatové sety
od konce ¢lanku metatarsu 0,25 0,15 0,31 0,21 0,18 0,24
50délka tarsu 0,41 0,33 0,46 0,32 0,30 0,36
51S8irka tarsu 0,08 0,07 0,10 0,07 0,06 0,08
52pomér 50/51 5,12 4,07 5,67 4,54 3,86 5,09
53vzdalenost hmatové sety
od konce ¢&lanku tarsu 0,26 0,21 0,30 0,21 0,18 0,27
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Graf 1: Pomér délky a Sirky femuru pedipalpu formy I a IT druhu Neobisium carcinoides u populaci

z raznych lokalit a u typového materidlu druhti N. carcinoides, N. germanicum a N. minimum. [J forma I —
Ceska republika, ™ forma I — Strasbourg, B forma I — Niirnberg a Muggendorf, O forma IT — Ceska republika,

forma II — Bohinska, ® forma II — Niirnberg a Muggendorf, A typ N. minimum, A typ N. carcinoides, A typ

N. germanicum
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Tabulka 2: Zastoupeni chromosomovych typt v karyotypech formy I a IT druhu Neobisium carcinoides.

chromosomovy typ forma | forma Il
metacentrické autosomy 46 22
submetacentrické autosomy 14 10
subtelocentrické autosomy 2 6
akrocentrické autosomy 6 14
pohlavni chromosomy XY XY
celkovy pocéet chromosomd 70 54
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Obrazek 1: Karyogram formy I druhu Neobisium carcinoides (2n=70, XY). Mé¢titko 10 pm.
Obrazek 2: Karyogram formy II druhu Neobisium carcinoides (2n=54, XY). Mé&titko 10 pum.
Obrazek 3: Vertikalni pohled na cheliceru formy I druhu Neobisium carcinoides se zvyraznénym snovacim
hrbolem na pohyblivém prstu.
Obrazek 4: Snovaci hrbol formy I druhu Neobisium carcinoides.
Obrazek 4: Redukovany snovaci hrbol formy II druhu Neobisium carcinoides.

a8 A Ny k2 L KN ne ¥
1 2 3 4 5 6 7 8
L Y na “w Py k- " .
9 10 1 12 13 14 15 16
n on ma “w N A “ »n nn SR
17 18 19 20 21 22 23 24
~ Ea o .- N ER e - -
25 26 27 28 29 30 31 32
ne -n L
1 33 34 XY
o‘ﬁ A -a A o NN ™ R i » o
1 2 3 4 5 6 7 8
an M n -~ M ol g - e N PN nd " e nn
9 10 11 13 14 15 16 17 18
- M oa rya ™ - - M ow o~ q )‘
2 19 20 21 23 24 25 26
X Y

76




12. PRILOHA 5
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Tabulka 1: Seznam karyotypovanych druhi $tirki s uvedenim zakladnich charakteristik karyotypu (véetné publikovanych tidaji). Pokud neni uvedeno jinak plati u nepublikovanych tdaja F. Stahlavsky lgt., det. a
coll.; * - pfedbézné vysledky (karyometrické tidaje byly ziskany u mensiho mnozstvi figur); ** - nebyly rozliSeny pohlavni chromosomy.

druh misto sbéru 2n pohlavni morfologie chromosomii  reference
319 chrom. autosomy / pohlavni chrom.

Atemnidae
Atemnus politus (E. politus, 1878) Slovenska republika: Kovacov, pod kameny (93, 19, 1 tritonymfa: 5.7.2001; 95/96 X0

73,19:14.4.2002; 13 20.10.2002; 33 24.6.2004)
Cyclatemnus dolosus (Beier, 1964) Jihoafricka republika: Soetdoring Nature Reserve (1 tritonymfa, jaro 2004), 93/- X0 *32 m, 8 sm, 2 st, 50 a/ X m

Igt. Ch. Haddad, det. M. Harvey, coll. WAM
Diplotemnus insolitus Chamberlin, 1933 Kazachstan:udoli feky Ili, 15 km severné od Kapsagaje, pod kameny (27, 39: 123/- X0 *16m, 34 sm, 32 st,42a/ X a

20.-30.4.2004), 1gt. J. Kral, det. M. Judson
Oratemnus sp. Zapadni Australie: Nérodni park Kalbari, hrabanka (1 J: 31.8.2003), det. M. 137/- X0

Harvey
Garypinidae
Garypinus dimidiatus (L. Koch, 1873) Recko 33/34 X0 16 m, 16 sm/ X smStahlavsky & kol. 2006
Geogarypidae
Geogarypus nigrimanus (E. Simon, 1879) Recko 19/20 X0 12m, 4 sm, 2 st/ X m Stahlavsky & kol. 2006
Geogarypus taylori Harvey, 1986 Zapadni Australie 15/16 X0 14 m/ X m Stahlavsky & kol. 2006
Geogarypus sp. Jihoafricka republika 23/- X0 18 m, 4 sm/ X m Stéhlavsky & kol. 2006
Cheiridiidae
Apocheiridium ferum (Simon, 1879) Ceska republika: Lednice, pod kiirou platanu (13, 59: 14.6.2000; 23 4.7.2001;  41/42 X0 *6m, 4 sm, 4st, 16a/ X sm

64, 29:27.5.2004); Valtice, pod kirou kastanu (53 27.5.2004)
Cheiridium museorum (Leach, 1817) Ceska republika: Suchdol n. Luznici, pod ktirou dubu (13, 39: 19.5.2001); 49/50 X0 *14m, 10 sm,24a/ X a

Svojsice, pod kiirou kastanu (13, 19: 17.3.2002); Praha - ul. Ke Karlovu, pod

ktirou kastanu (39: 24.5.2002); Vysehoti, ve stodole (67, 29: 6.4.2003); Vysné

u Val, senik (15, 39Q: 18.5.2003); Pisty, mezi dievem (53, 39, 3 tritonymfy:

9.5.2004); Vrbice, v kralikarné (23, 4Q: 2.4.2005)
Cheliferidae
Chelifer cancroides (Linnaeus, 1758) Ceska republika: Tynec, v ule (38, 2Q: 12.5.2001), Igt. P Hefman; Praha - 59/60 X0 34 m, 8 sm, 4 st, 14 a/ **

Leopoldova ul., v byt& (24, 39: 16.2.2003; 23, 49: 1.2.2004); Pisty, v
kralikarng (133, 5Q: 9.5.2004); Vrbice, v kralikarné (33" 2.4.2005)




I

Tabulka 1: pokracovani

druh misto sbéru 2n pohlavni morfologie chromosomil reference
319 chrom. autosomy / pohlavni chrom.

Dactylochelifer latreillei (Leach, 1817) Belgie: Virton (23, 29: 17.9.2004), 1gt. a det. H. Henderickx 55/- X0 *22m, 12 sm,4st, 16 a/ X m
Hysterochelifer meridianus (L. Koch, 1873) Francie 61 X0 Boisson & Manier 1957
Mesochelifer ressli Mahnert, 1981 Ceska republika: Sezimovo Usti, pod ktirou borovice (19, 1 tritonymfa: 39/40 X0 ** 18m,2 sm, 8st,12a

18.5.2001); Hnévkovice, pod kiirou borovice (2 tritonymfy: 3.6.2001); Zboteny

Kostelec, pod kiirou borovice (13, 49, 1 tritonymfa: 25.2.2001); Hlubok4 n.

Vltavou - rez. Baba, pod kiirou smrku (33 19.3.2002; 13, 19: 1.4.2003)
Chernetidae
Conicochernes crassus Beier, 1954 Zapadni Australie: Northcliffe, pod kiirou eukalyptu (53, 49: 24.9.2003), det. ~ 69/70 X0 *20m, 10 sm, 30 st, 8 a/ X m

M. Harvey, coll. WAM
Dendrochernes cyrneus (L. Koch, 1873) Rusko 61 X0 Sokolow 1926

Ceska republika: Lednice, pod kiirou (13 14.6.2000; 13: 8.11.2001; 13,29:  57/58 X0 *34m, 8 sm, 8 st,6a/ Xm

27.5.2004)
Dinocheirus panzeri (C. L. Koch, 1837) Ceska republika: Praha - Netluky, dutina topolu (63, 19: 2.6.2000; 23, 19: 77/- X0 *22m, 26 sm, 10 st, 18/ X m

7.1.2001; 23 28.4.2004), Hlohovec, dutina lipy (33 27.4.2004), Chlumec n. a

Cidlinou, dutina javoru babyky (3, 19: 10.8.2001)
Chernes hahnii (C. L. Koch, 1839) Ceska republika 49/50 X0 16 m, 14 sm, 14 st,4a/ X m  Stahlavsky 2000
Chernes nigrimanus Ellingsen, 1897 Ceska republika: Bor, rez. Cervené blato, pod kiirou borovice (67, 29, 4 59/60 X0 *28 m, 18 sm, 12 a/ X m

tritonyfy: 17.5.2003; 43, 42: 30.4.2004)
Chernes similis (Beier, 1929) Ceska republika 67/68 X0 6m, 14 sm, 20 st,26a/ X m  Stahlavsky 2000
Lasiochernes cretonatus Henderickx, 1998 Recko 73/74 X0 10 m, 40 sm, 20 st,2 a/ X m gt’éhlavsky & kol. 2005
Lasiochernes pilosus (Ellingsen, 1910) Belgie 61 X0 28 m, 18 sm, 14 st/ X m  Stahlavsky & kol. 2005
Lasiochernes siculus Beier, 1961 Ttalie 69 X0 8m, 46 sm, 10st,4a/Xm Stahlavsky & kol. 2005
Pselaphochernes scorpioides (Hermann, 1804)  Ceska republika: Praha - ul. Ke Karlovu, dutina jasanu (28, 1Q: 8.6.2000); 41/42 X0 *8m, 26 sm, 6a/ X m

Mravin, kompost (13, 29: 27.5.2002)
Chthoniidae
Allochthonius (A.) coreanus (Morikawa, 1970)  Korea 18 Lee & Seo 1995
Allochthonius (A.) buanensis (Lee, 1970) Korea 10 Lee & Seo 1995
Austrochthonius sp. Zapadni Australie: Stirling Range, pod kameny (63, 29: 20.9.2003), det. M. 31 X0 *4m, 10sm, 10st, 6 a/ Xm

Harvey, coll. WAM
Chthonius (C.) diophthalmus Daday, 1888 Rumunsko 33 X0 4st,28a/Xm Stahlavsky & Kral 2004
Chthonius (C.) litoralis Hadzi, 1933 Recko 35 X0 2st,32a/Xm  Stahlavsky & Kral 2004
Chthonius (C.) orthodactylus (Leach, 1817) Ceska republika 33 X0 2sm,30a/Xm Stahlavsky & Kral 2004
Chthonius (C.) tenuis L. Koch, 1873 Ceska republika 35 X0 34a/Xm Stahlavsky & Kral 2004
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Chthonius (E.) fuscimanus Simon, 1900 Ceska republika 35 X0 34a/Xm Stahlavsky & Kral 2004
Chthonius (E.) tetrachelatus (Preyssles, 1790)  Ceska republika 35 X0 2sm,32a/Xm Stahlavsky & Kral 2004
Chthonius (E.) sp. 1 Recko 29 X0 2m,4sm,22a/Xm Stahlavsky & Kral 2004
Chthonius (E.) sp. 2 Recko 21 X0 4m,2sm,2st,12a/Xm Stahlavsky & Kral 2004
Mundochthonius styriacus Beier, 1971 Ceska republika 37/38 X0 28m, 6sm,2st/ Xm Stahlavsky & Kral 2004
Larcidae
Larca lata (Hansen, 1884) Ceska republika: Pohansko, dutina dubu (2, 19: 9.6.2002); Valtice, dutina 66/66 XY *34m, 16 sm, 14 st, 14/ X,Y m

javoru babyky (44, 49: 4.7.2001), dutina kastanu (43, 99: 27.5.2004) a
Neobisiidae
Neobisium carcinoides (Hermann, 1804) Rusko 67 X0 Sokolow 1926

forma [ Ceska republika: Karany, hrabanka (23 9.4.2001); Praha - Komoftany, 70/70 XY 46 m, 14 sm, 2 st, 6 a/ X m,

hrabanka (23 9.12.2000; 13: 8.2.2001); Praha - Lipence, hrabanka (43 Ya

12.7.2000; 53, 19: 11.9.2000; 63, 2Q: 16.12.2000; 23 8.2.2001); Praha -

Uhftinéves, hrabanka (57, 29:27.4.2003; 13: 8.5.2005), Sezimovo Usti,

hrabanka (23'": 18.5.2001); Salmanovice, hrabanka (13 17.5.2003); Belgie:

Mol, hrabanka (23, 5Q: 2.3.2003), Igt. H. Henderickx; Francie: Strasbourg,

hrabanka (2, 29: 7.6.2003); Némecko: Muggendorf (43 10.5.2003);

Niirnberg - hrabanka ( 63 11.5.2003)

forma 11 Ceska republika: Karany, hrabanka (23 9.4.2001); Praha - Komotany, 54/54 XY 22 m, 10 sm, 6 st, 14 a/ X sm,

hrabanka (33, 19: 9.12.2001; 33: 8.2.2001; 34, 29: 8.3.2001); Praha - Y st

Lipence, hrabanka (13 12.7.2000; 43 16.12.2000); Praha - Mili¢ovsky les,

hrabanka (4 16.9.2000); Praha - Uhiinéves, hrabanka (6, 29: 27.4.2003; 13:

8.5.2005; 13 15.5.2005); Praha - Zavist, hrabanka (13, 19: 12.7.2000);

Stradouti, hrabanka (2¢: 27.5.2002); RoZnov p. Radho$tém - Rysova, hrabanka

(13 26.10.2001); Zdice - Knizkovice, hrabanka (33 28.9.2000); Némecko:

Muggendorf (43 10.5.2003); Niirnberg - hrabanka ( 53: 11.5.2003); Slovinsko:

Bohinska Bistrica, hrabanka (6 &, 19: 1.7.2003)

forma ITISlovenska republika: Kovacov, hrabanka (23 14.4.2002; 13 4.5.2005) 65 X0 *42 m, 6 sm, 2 st, 14 a/ X sm
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Neobisium erythrodactylum (L. Koch, 1873) Ceska republika: Praha - Zavist, hrabanka (23, 29: 13.7.2000); Praha - Kr¢, 44 XY *28 m, 4 sm, 10 a/ X st,
hrabanka (1J, 19Q: 12.4.2001); Pland n. LuZnici - hrabanka (13 20.5.2001);
Karany - rez. Lipovka, hrabanka (139: 3.4.2002)
Neobisium fuscimanum (C. L. Koch, 1843) Ceska republika: Borek, hrabanka (2 J: 7.8.2000); Kérany - rez. Lipovka, 49 X0 *2m, 6 sm, 2 st,38a/ X m
hrabanka (19: 3.4.2002); Zébofi, pod kamenem (13:17.5.2003), Igt. V. Rizitka
Neobisium polonicum Rafalski, 1936 Slovenska republika:Nova Sedlica, pod kameny (23 4.7.2000; 53, 2%: 71/- neo sex *26m,28sm, 10st,4a/1m,1sm,1a
25.8.2001) systém
Roncus andreinii Caporiacco, 1925 Italie 51/52 X0 2sm,48 a/Xm Troiano 1990
Roncus belluatii Gardini, 1992 Italie 22 XY m, sm/ X m Troiano 1997
Roncus binaghii Gardini, 1990 Italie 25/26 X0 25m/ X sm Troiano 1990
Roncus gestroi Beier, 1930 Ttalie 43 X0 m, sm, st, a Troiano 1997
Roncus ingaunus Gardini, 1990 Italie 24/24 XY 20m, 2 sm/X,Y Troiano 1990
sm
Roncus lubricus L. Koch, 1873
forma ISlovenska republika: Kovadov, hrabanka (63, 59: 5.7.2001; 63, 49: 23/24 X0 18 m, 4 sm/ X m
14.4.2002; 43 20.10..2002; 73 24.6.2004; 15 3, 39: 4.5.2005)
forma I1Slovenska republika: Nova Sedlica, pod kameny (43 21.8.2001;17, 29: 20/20 XY 12m, 6 sm/ X m,
14.7.2003; 43, 49: 19.7.2004; 153, 6%: 6.6.2005) Y sm
Roncus transsilvanicus Beier, 1928 Rumunsko: Bihor - P. Padis, hrabanka (13, 19: 15.7.2001), Cheile Somesului 43/44 X0 *4m, 4 sm, 6st,28a/ X m
Cald, pod kameny (27, 19: 16.7.2001), Gh. Focul Viu, podkameny (13, 19:
19.7.2001), Cheile Galbenei, pod kameny (23 20.7.2001).
Roncus tuberculatus Gardini, 1990 Italie 40/40 XY 6m,2sm,4st, 16a/Xa Troiano 1990
Olpiidae
Nanolpium sp. Jihoafricka republika 23/- X0 6m,16a/Xm Stahlavsky & kol. 2006
Horus obscurus (Tullgren, 1907) Jihoafricka republika 21/22 X0 18 m, 2 sm/ X sm Stahlavsky & kol. 2006
Calocheirus atopos (Chamberlin, 1930) Izrael 21/22 X0 14m,4sm,2st/ Xm Stahlavsky & kol. 2006
Austrohorus sp. 1 Zapadni Australie 19/- X0 Stahlavsky & kol. 2006
Austrohorus sp. 2 Zapadni Australie 19/- X0 Stahlavsky & kol. 2006
Minniza babylonica Beier, 1929 Izrael -/14 **]12m, 2 sm Stahlavsky & kol. 2006
Calocheirius libanoticus Beier, 1955 Turecko 11/- X0 2m,2st,6a/Xm Stahlavsky & kol. 2006
Olpium turcicum Beier, 1949 Izrael 7/- X0 4m,2a/Xm Stahlavsky & kol. 2006
Olpium pallipes (Lucas, 1849) Recko, Portugalsko 7/8 X0 6m/Xa Stahlavsky & kol. 2006
(m)
Indolpium sp. Zapadni Australie 7/- X0 4m,2st/Xm Stéhlavsky & kol. 2006
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—— Feaellidae "
Pseudogarypidae 10
Ideoroncidae 52
—— Bochicidae 21
Hyidae 7
Gymnobisiidae 1
Neobisiidae 461 13 20-71
Syariniidae 83
Parahyidae 2
Garypidae 86
— Larcidae 12 1 66
— Cheiridiidae 69 2 41-50
Pseudochiridiidae 12
Geogarypidae 65 3 15-23
— Olpiidae 193 10 7-23
Garypinidae 74 1 33
Menthidae 7
Sternophoridae 20
Withiidae 155
Cheliferidae 184 4 39-61
Chernetidae 603 10 41-79
~ Atemnidae 155 4 93-137
celkem: 2917 60 7-137

Obr. 1: Kladogram znazoriiujici predpokladanou piibuznost vSech celedi stirkli (Pseudoscorpiones) podle

Harveye (1992). Doplnény jsou pocty karyotypovanych druht a rozpéti diploidnich poétt (2n) (zahrnuty jsou

vSechny publikované udaje).



S e X e XX kT N Ao e AeX
1 2 3 4 5 6 7 8 9
XX 2x mx €. A e o =
10 11 12 13 14 15 16 17 18
N X xe xm e AN AR %x X
19 20 21 22 23 24 25 26 27

— - —r
~ i\ AN e i ~~ ~ ayi A A
28 29 30 31 32 33 34 35 36
37 38 39 40 41 42 43 44 45
P oY S Hx
46 47 3—
A X

Wy, & ad 3% SN
"y A h VY ot od0Y o ¢ Ige
Ve 0l ¢ 9, o YL |
~ e VL2 e o
c TiAEnT g

Obr. 2 A — B: Celed Atemnidae. A — karyotyp samce druhu Cyclatemnus dolosus, 2n=93 (sestaveno
z dcefinnych metafazi II); B — diplotene druhu Atemnus politus, 2n=95. Malé Sipky oznacuji tetravalent a
hexavalent, velkd Sipka oznacuje pohlavni chromosom; C — mitotickd metafaze samce druhu Diplotemnus
insolitus, 2n=123; D — diplotene druhu Oratemnus sp., 2n=137. Sipka oznaéuje pohlavni chromosom. M&titko =

10 pm.
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Obr. 3 A, B: ¢eled’ Cheiridiidae. A — karyotyp samce druhu Apocheiridium ferum (mitoticka metafaze), 2n=41;

B — karyotyp samce druhu Cheiridium museorum (sestaveno z dcefinnych metafazi II), 2n=49. Métitko = 10 pm.
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Obr. 4 A — CH: &eled Cheliferidac. A — F Dactylochelifer latreillei, A — karyotyp samce (sestaveno

z dcefinnych metafazi II), 2n=55; B — F meioticka sekvence samce: B — premeioticka interfaze, pohlavni
chromosom tvoii pozitivné heteropyknoticky pohlavni vesikul; C — pozdni zygotene, pohlavni chromosom je
pozitivné heteropyknoticky; D — pachytene, pohlavni chromosom je pozitivné heteropyknoticky; E — diplotene;
F — metafaze II. Métitko = 10 pm (plati pro A — F); G a H Chelifer cancroides: G — diplotene samce 2n=59; H —
mitotickd metafaze samice, 2n=60; CH — Mesochelifer ressli, sami¢i mitoticka metafaze, 2n=40. Sipka oznacuje

pohlavni chromosom. M¢ftitko = 10 um (plati pro G — CH).
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Obr. 4 A — CH: &eled Cheliferidac. A — F Dactylochelifer latreillei, A — karyotyp samce (sestaveno

z dcefinnych metafazi II), 2n=55; B — F meioticka sekvence samce: B — premeioticka interfaze, pohlavni
chromosom tvoii pozitivné heteropyknoticky pohlavni vesikul; C — pozdni zygotene, pohlavni chromosom je
pozitivné heteropyknoticky; D — pachytene, pohlavni chromosom je pozitivné heteropyknoticky; E — diplotene;
F — metafaze II. Métitko = 10 pm (plati pro A — F); G a H Chelifer cancroides: G — diplotene samce 2n=59; H —
mitotickd metafaze samice, 2n=60; CH — Mesochelifer ressli, sami¢i mitoticka metafaze, 2n=40. Sipka oznacuje

pohlavni chromosom. M¢ftitko = 10 um (plati pro G — CH).
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Obr. 6 A — C: &eled’ Chernetidae. A — karyotyp samce druhu Dinocheirus panzeri (sestaveno z dcetinnych
metafazi II), 2n=79; B — karyotyp samce druhu Chernes nigrimanus (mitoticka metafaze), 2n=59; C — karyotyp
samce druhu Pselaphochernes scorpioides (mitoticka metafaze), 2n=41. Méfitko = 10 pm.
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Obr. 7 A — C: Austrochthonius sp. (Chthoniidae), 2n=31. A — karyotyp samce (postpachytene); B — pachytene,

pohlavni chromosom tvoii pozitivné heteropyknoticky pohlavni vehikul na periferii jadra; C — postpachytene .

Mefitko = 10 um (plati pro A — C); D — H: Larca lata (Larcidae), 2n=66. Mé&fitko = 10 pm. D — karyotyp samce

(sestaveno z dcefinnych metafazi II); E — 2x pfechod z pachytene do difusniho stddia u samce, pohlavni

chromosomy jsou pozitivné heteropyknotické pficemz se nachazeji v tésné blizkosti; F — diplotene samce,

pohlavni chromosomy jsou jiz separovany; G — mitotickd metafdze samice. Sipka oznacuje pohlavni

chromosomy. M¢ftitko = 10 um (plati pro E — G).
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Obr. 8: Zjistény vyskyt chromosomovych forem I — III druhu Neobisium carcinoides.
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Obr. 9 A — F: druh Neobisium carcinoides, formy I — 11T (Neobisiidae). A — karyotyp formy I, 2n=70 (sestaveno
z dcefinnych metafézi II); B — karyotyp formy II, 2n=54, XY (sestaveno z dcefinnych metafazi II); C — karyotyp
formy III, 2n=65, X0 (sestaveno z dcefinnych metafazi II ); D — diplotene formy I; E — diplotene formy II; F —

diplotene formy III. Sipka oznacuje predpokladané pohlavni chromosomy. Méfitko = 10 pum.
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Obr. 10 A — B: samec druhu Neobisium erythrodactylum (Neobisiidae), 2n=44. A — karyotyp (sestaveno
z dcefinnych metafazi I1I); B — diplotene; C — D: samec druhu N. fuscimanum (Neobisiidae), 2n=49. C —

diplotene; D — karyotyp (sestaveno z dcefinnych metafazi II). Sipka oznauje predpoklddané pohlavni

chromosomy. Métitko = 10 pm.
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Obr. 11 A — B: samec druhu Neobisium polonicum (Neobisiidae), 2n=71. A — karyotyp (sestaveno z dcetinnych

metafazi II); B — diplotene. Hrot Sipky oznacuje pfedpokladané pohlavni chromosomy. Métitko = 10 pm.
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Obr. 12 A — C: samec druhu Roncus lubricus, forma I (Neobisiidae), 2n=23. A — karyotyp (sestaveno
z dcefinnych metafézi II); B — pachytene, pohlavni chromosom je pozitivné heteropyknoticky; C — diplotene; D,
E: samec druhu R. lubricus, forma II (Neobisidae), 2n=20. D — diplotene; E — karyotyp (sestaveno z dcefinnych

metafazi IT). Sipka oznaduje predpokladané pohlavni chromosomy. Méfitko = 10 pm.
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Obr. 13 A — C: samec druhu Roncus transsilvanicus (Neobisiidae), 2n=43. A — karyotyp (sestaveno z dcetinnych
metafazi IT); B — leptotene, pohlavni chromosom je pozitivné heteropyknoticky; C — diplotene. Sipka oznacuje

predpokladany pohlavni chromosom. Métitko = 10 pm.
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Obr. 14 Zastoupeni jednotlivych typ chromosomu v karyotypech ¢eledi Chthoniidae (A) a Chernetidae (B — F).
A — ¢eled Chthoniidae: pomér poctu M+SM a ST+A chromosomi v karyotypech; B — ¢eled” Chernetidae: pomér
poétu M+SM a poctu ST+A chromosomi v karyotypech; C — pomér M+SM chromosomi v karyotypu a
diploidniho poétu; D — pomér ST+A chromosomti v karyotypu a diploidniho poétu; E — procentualni zastoupeni
M+SM chromosoml v karyotypu; F — procentudlni zastoupeni ST+A chromosomi v karyotypu. M —

metacentrické, SM — submetacentrické, ST — subtelcocentrické, A — akrocentrické chromosomy.
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Obr. 15 Zastoupeni jednotlivych typi chromosomii v karyotypech ¢eledi Neobisiidae. A: Neobisium — pomér
poctu M+SM a poctu ST+A chromosomi v karyotypech; B: Roncus — pomér poc¢tu M+SM a poctu ST+A
chromosomu v karyotypech; C: Neobisium — pomér M+SM chromosomii v karyotypu a diploidniho poétu; D:
Roncus — pomé&r M+SM chromosomi v karyotypu a diploidniho pocétu; E: Neobisium — pomér ST+A
chromosomtl a diploidni poctu; F: Roncus — pomér ST+A chromosomt a diploidniho poc¢tu. M — metacentrické,

SM — submetacentrické, ST — subtelcocentrické, A — akrocentrické chromosomy.
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Obr. 16: Pomér relativni velikosti chromosomu X a diploidniho poétu chromosomt u $tirkd (jen pro druhy se
systtmem XO0). Sipka - heteropyknoticky (htp) segment pohlavniho chromosomu u Geogarypus sp.
(Geogarypidae).
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Obr. 17: Relativni velikost a morfologie pohlavnich chromosomi u samci rodu Neobisium

(Neobisiidae)(chromosom X — bile, chromosom Y — svétle $ed¢, chromosom X nebo Y — tmave Sed€). Zkratky:
N.c. I — N. carcinoides, forma I, N.c. II — N. carcinoides, forma II, N.c. III — N. carcinoides, forma III, N.e. — N.
erythrodactylum, N.f. — N. fuscimanum, N.p. — N. polonicum. Osa y — % celkové délky chromosomu diploidni

sady.
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Obr. 16: Predpokladana evoluce pohlavnich chromosomi u rodu Roncus. Chromosom X — bile, chromosom Y —
Sedé, osa y — relativni velikost pohlavnich chromosomii (v % celkové délky chromosomi diploidni sady).
Zkratky: R.a. — R. andreinii; R.g. — R. gestroi; R.tub. — R. tuberculatus; R.trans. — R. transsilvanicus; R.bin. — R.
binaghii; R.i. — R. inguanus; B.bell. — R. belluatii; R.I. T — R. lubricus, forma I; R.Il. II — R. lubricus, forma II.
Udaje relativni velikosti pohlavnich chromosomii u severoitalskych druhi byly ziskany na zakladé originalnich

méfeni poskytnutych G. Troianem. Tyto udaje jsou podtrZeny.
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