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Ievads

Promocijas darbs veltits unikalu, izcili labi saglabajuSos fosilo zivju un dazadu
bezmugurkaulnieku izpétei, ko autore ievakusi ilglaicigu izrakumu laika Lodes (Liepas) mala
raktuvés Latvija (1988.-1998., 2001. g.). Materiala geologiskais vecums atbilst v&lajam
devonam, tas iegiits no Lodes svitas. Fosiliju daudzums, to taksonomiska daudzveidiba un
izcila saglabasanas pakape Lodes fosiliju atrodni ierindo starp ieveérojamakajam devona
mugurkaulnieku atrodném pasaulé (Cloutier, Lelievre, 1998). Ipasi nozimigi ir fosilo zivju
mazulu un to parazitisko organismu atradumi, kadi iepriek$ paleontologiskaja hronika nebija
zinami.

Promocijas darba veikts p&tijums par izmiruso zivju divu klasu parstavju - brunuzivju
(Placodermi) un akantozu (Acanthodii) morfologiju un ontogenézi agrinajos attistibas posmos.
To sekméja izcili labi saglabajies fosilais materials, kuru parstav gan pieauguso, gan art dazada
vecuma zivju mazulu skeleti. Zivju mazulu atradumi fosila veida ir 1pasi liels retums. Atrastas
brunuzivis un to mazuli pieskaitami antiarhu gintij Asterolepis (Upeniece, Upenieks, 1992).

Brunuzivju Asterolepis mazulu un pieauguSo Ipatpu salidzindjums ir iesp&jams,
balstoties uz iepriek$jiem ilglaicigiem pieauguso individu morfologijas pétjjumiem
(Eichwald, 1840 a,b; Pander, 1857; Stensio, 1931; Gross, 1931, 1933; Karatajute-Talimaa,
1957, 1958b, 1963). Jauns pétijumu etaps aizsakas péc tam, kad pazistamais geologs profesors
V. Kurss 1970. g. bija atradis pieauguSo brunuzivju Asterolepis ornata veselus skeletus Lodes
malu atradné (Kurss, Lyarskaya, 1973; Lyarskaya, 1977, 1981; Ivanov u.c., 1996; LukSevics,
2001). Asterolepis gints brunuzivis ir samera plasi pétitas sakara ar iezu vecuma noteikSanu un
korelaciju Austrumeiropas platforma (Gross, 1942; Karatajite, 1958a, 1963) un austrumu
Grenlandé (Marshall, Astin, 1996).

Brunuzivju ontogenétiska attistiba ir maz pétits aspekts. Stensio (1948) ir aprakstijis
dazas attistibas iezimes brunuzivju Bothriolepis canadensis jauniem un pusaugu Ipatniem.
L. Verdelins un J. Longs (Werdelin, Long, 1986) ir noskaidrojusi B. canadensis augSanas
alometrisko dabu. Lidz§ing&jais nelielais ontogenétisko p&tijumu apjoms ir saistits ar brunpuzivju
mazulu veselu skeletu atradumu pasu retumu.

Akantodes dazadas vecuma attistibas stadijas Saja darba parstav autores aprakstita
gints un suga Lodeacanthus gaujicus Upeniece, 1996. Devona akantozu ontogenétiska attistiba
lidz §im nebija zinama. Savukart akantoZzu mazuli no jaunakiem — karbona un perma
nogulumiem ir saméra plasi pétiti (Obruchew, 1955; Zidek, 1988; Heidtke, 1990; Zajic, 2005;
Beznosov, 2009).

Pétijjuma aktualitate un zinatniska novitate

Lodes fosilo organismu kompleksa ietilpst parstavji no dazadiem senas
paleoekosistémas barosanas k&zu Iimeniem, kas lauj rekonstruét Lodes laikposma
paleobiocenozes baribas kédes visos galvenajos trofiskajos Itmenos. Pirmo reizi tika
rekonstruéta devona deltu zonas paleobiocenozes trofiska struktiira. P&tfjumu rezultati
apliecina, ka Lodes tafocenoze atspogulo plasakas baribas k&des devona, salidzinot ar
ieprieks€jos petijumos aprakstitaja (Mark-Kurik, 1995; Lebedev, 1992; LukSevics, 1992).

Brunuzivju un akantozu mazulu dazadas attistibas stadijas esoSo skeletu izcila
saglabasanas pakape lauj izpétit abu izmiruso zivju klasu parstavju agrinas augsSanas stadijas.
Pirmo reizi tika aprakstita brunuzivju Asterolepis ornata Eichwald sensu Agassiz, 1840 un
akantozu Lodeacanthus gaujicus Upeniece, 1996 ontogenéze, skaidri nodalot un izsekojot to



dazadas attistibas stadijas. Dazadu augSanas stadiju detalizéta salidzinasana dod iesp€ju
nakotn€ izvairities no jaunu, dazadu zivju taksonu kliidainas aprakstiSanas, kas biitiba pieder
vienai sugai dazadas individu attistibas stadijas.

Devona parazitisko tarpu atlieku atklajumi zivju mazulu kermenos pirmo reizi
paleontologiskaja hronika (Upeniece, 1998, 2001; Poinar, 2003) apstiprina agrak izteiktu
hipotézi (Llewellyn, 1982) par parazitisko plakantarpu filogenézi senajas zivis. To pierada
specifiskas hitina kasisu sist€mas brunuzivju mazulu un akantozu skeletos. Tas ir gan senako
zinamo zivju parazitu atliekas visa lidz $im zinamaja paleontologiskaja hronika, gan ari parstav
senako atrasto mugurkaulnieku - parazitorganismu asociaciju.

Pétijjuma meérkis un uzdevumi
Promocijas darba meérkis ir Lodes laikposma zemudens deltu zonas
paleockologiskais raksturojums un divu izmiruso devona zivju klasu parstavju — bruguzivju
Asterolepis ornata un akantozu Lodeacanthus gaujicus agrino attistibas stadiju detaliz&ta
zpéte.
Petijuma mérka sasniegSanai tika izvirziti sekojosi galvenie darba uzdevumi:
1) Veikt Lodes svitas organismu kompleksa tafonomisko izpéti, lai noskaidrotu organismu
atlieku uzkrasanas apstaklus devona paleobaseina.
2) Rekonstruét baribas k&des un trofisko piramidu Lodes paleobiocenozg.
3) Brunuzivju Asterolepis ornata mazulu un akantozu Lodeacanthus gaujicus mazulu un
pieauguso Tpatnu detalizéta morfologiska izpéte.
4) Brunuzivju un akantoZu agrino ontogené&tiskas attistibas stadiju izp&tes metodologijas
izstradasana un augSanas likumsakaribu noskaidrosana.
5) Parazitisko tarpu atlieku izp€te brunuzivju un akantozu mazulos.

AizstaveSanai izvirzamas tezes

1. Dazadu Lodes organismu taksonu morfologiska un funkcionala analize lauj veikt iesp&jamo
baribas k&zu un dazadu trofisko Iimenu rekonstrukciju devona zemiidens deltu zona Lodes
laikposma.

2. Pamatojoties uz brunuzivju mazuJu morfologisko izpéti, analizéjot formu, proporciju,
zvinojuma, brugu platnpu ornament&juma un histologiskas struktiiras izmainas, ir iesp&jams
noskaidrot brunuzivju “juvenilas” iezimes, ka ar1 apstiprinat bruguzivju mazulu piederibu
sugai Asterolepis ornata. Pamatojoties uz “juvenilo” iezimju izpéti, katrai no piecam
brunuzivju agrinajam attistibas stadijam ir noteiktas tikai tam raksturigas pasibas.

3. Ir iesp&jams noskaidrot secigas augSanas stadijas ar1 otrai izmiruso zivju klasu Acanthodii
parstavei - akantodei Lodeacanthus gaujicus, pamatojoties uz zvinu morfologijas,
zvinojuma attistibas, dazadu kaulu un kermena dalu proporciju, ka art kaulu parkaulosanas
secibas izpéti. So zivju peldspuru dzelk$nu garums var kalpot ka labakais ipatnu relativa
vecuma indikators.

4. Zivju mazulos atrastie, domajams, hitina kasisi, spriezot péc to morfologijas un lokalizacijas
vietam, ka ari, salidzinot tos ar misdienu dzivnieku pasaulé esoSajiem, ir atlickas no
seniem, iepriek$ nezinamiem parazitiskiem tarpiem.



Darba aprobacija. Petijumu rezultati ir prezent&ti 16 zinatniskajas publikacijas, no kuram
6 ir publicétas starptautiski cit€jamos zurnalos un rakstu krajumos un ir pieejamas starptautisko
publikaciju datubazes, ka ar1 10 publikacijas citos zinatniskajos izdevumos (7 — anglu valoda, 3
— latvieSu valoda). Galvenie petijumu rezultati ir aprobéti un diskutéti, uzstajoties ar referatiem
17 starptautiskajas zinatniskajas konferences, simpozijos un kongresos un 11 zinatniskajas
konferences Latvija, kur kopuma ir nolasiti 30 zinojumi un publicétas konferencu tezes.

1. Lodes svitas geologiska uzbiive un biostratigrafija

Lodes svita veido augSdevona Gaujas regionala stava augs€jo dalu un ir raksturiga ar
savdabigam noslidenu izraisitam nogulumu deformacijam upju deltu zemiidens nogazes. Lodes
svita parsvara sastdv no aleirolitiem, reizém ar sikdispersu malu l&cam. Ipatngji, ka $is lecas
vietam aizpilda noslidenu rezultata radusas ieplakas, kuras savukart izveidojusas nestabilos
zemidens deltu apstaklos Sietinu svitas smilSaino nogulumu virsma (Kurss, 1975, 1992a).
Noslidenu ieplakas nereti tika apglabatas zivju un citu organismu atliekas (Kurss, Lyarskaya,
1973). Nogulu strauja izgulsnéSanas pasargaja organismu atliekas no straujas dezintegracijas
un veicinaja idealus apstaklus to fosilizacijai. Lodes svitas nogulumi izplatiti gar Eiramerikas
paleokontinenta nogazi un stiepjas DR-ZA virziena 160 km garuma aptuveni no C&sim Latvija
lidz Pecoriem Krievijas ZR dala (Kurss, 1992b). Lodes svitas stratotips atrodas Liepas (Lodes)
malu karjera. Lodes svita atbilst biostratigrafiskai Asterolepis ornata zonai.

Lodes svitas malainos nogulumus atseviski autori interpreté ka uzkrajuSos plidmainu
lidzenuma ezeros vai lidzigos apstaklos, bet deformacijas Lodes svitas nogulumos pat ar
tektonisku izcelsmi (Pontén, Plink-Bjorklund, 2007). Promocijas darba autore pieturas pie prof.
V. Kursa viedokla par Lodes svitas nogulumu veidosanos zemiidens deltu apstaklos.

Lodes svitas organismu saraksts ietver gandriz visas devona periodam raksturigas
galvenas mugurkaulnieku grupas: bezzoklenus, brunuzivis, akantodes, daivspurzivis,
starspurzivis. Lodes svita ir zinami 16 zivju un bezzoklenu taksoni, kas parstav vismaz 15
sugas un 13 gintis (Upeniece, 2001b). Tai skaita p&tijuma gaita ir konstatétas piecas zinatnei
jaunas zivju sugas un viena jauna zivju gints. Dazadu zivju mazulu atradumi parstav
daudzveidigas zivju grupas: brunuzivis, akantodes, daivspurzivis, un, iesp&jams, ari
starspurzivis. Lodes svitas organismu saraksta ietilpst gan augu makro- un mikroatliekas, gan
arT vismaz piecas bezmugurkaulnieku grupas, taja skaita zivju paraziti, dazadi siki vézveidigie,
vézskorpioni.

Promocijas darba tika veikts Gaujas regionala stava mugurkaulnieku taksonu
salidzinajums ar Galvena Devona lauka (augs$éjas Zivetas/apaksgjas Franas), Miguasas
(apaksgjas/vidgjas Franas), Skotijas un Timana (aug$djas Zivetas/apaksgjas Franas)
mugurkaulnieku taksoniem saistiba ar Galvena Devona lauka zon&umu p&c brupuzivim
(Upeniece, 2001b, Table 2). Pétijumu rezultata tika konstatéts, ka Gaujas regionala stava
mugurkaulnieku taksoni vairak Iidzinas augstak minéto regionu agras Franas ihtiofaunas
kompleksiem neka vélas Zivetas ihtiofaunas sastavam. Domajams, Gaujas regionalais stavs
ietilpst Franas stava apaks€ja dala, lai gan joprojam pastav dazadi viedokli par vidusdevona un
augSdevona robezu Baltija (Esin et al., 2000; Marschal et al., 2008).



2. Materials un metodes

Promocijas darbs pamatojas uz daudzveidiga fosila materiala kolekcijas, ko autore
ievakusi ilglaicigu izrakumu rezultata (1988.-1998., 2001. g.) Liepas (Lodes) malu karjera
Latvija. Lauka darbu laika tika iegtiti organismu atlieku tafonomiskie dati, sastadits t.s. ,,zivju
mazulu” malu lecas 12 m griezuma detalizets apraksts ar dazadu organismu atlieku piesaisti.
Papildus tika lietots rokas urbis, lai sasniegtu smilSainos Sietinu svitas nogulumus zem malu
lecas. Pétitais fosilais materials galvenokart ietver mugurkaulnieku un bezmugurkaulnieku
paraugus.

Mugurkaulnieki. Fosilo zivju kolekcija ietilpst apmé&ram 300 brunuzivju Asterolepis
ornata mazulu skeleti vai to dalas, kas parstav dazadus brunguzivju agrinas attistibas posmus.
Brunuzivju mazulu skeletu izméri varié 1-4 cm robezas: sakot no pavisam maza juvenila
1patpa, kam tik tikko sakusies skeleta elementu parkauloSanas, Iidz ipatnim ar pilnigi attistitam
(labi parkaulotam) brupam un zvipam. P&tjjumiem noderigaki bija nedaudz dezintegr&jusies
skeleti, ka arT atseviskas brunu platnes, kas sekm&ja gan brunuzivju mazulu rekonstrukciju
izveidi, gan lava detalizéti izpétit Suvju morfologiju un brunu platnu parklajumu zonas.
Kolekcija glabajas Latvijas Dabas muzeja, kolekcijas Nr. LDM 260.

Latvijas Dabas muzeja tika veikts mazulu skeleta elementu morfologijas
salidzinajums ar pieauguSo brunuzivju Asterolepis ornata atlieckam (kolekcijas Nr. LDM 43 un
LDM 55), ka arT ar citam brunuzivim Zviedrijas Dabas véstures muzeja Stokholma, Kinas ZA
Mugurkaulnieku Paleontologijas un paleoantropologijas institita Pekina, Amerikas Dabas
véstures muzeja Nujorka un Dabas véstures muzeja Cikaga, ASV.

Akantozu Lodeacanthus gaujicus kolekcija ietilpst 60 dazadas saglabatibas pakapés
esosi zivju skeleti vai to fragmenti; kolekcijas Nr. LDM 270. Atrastas akantodes ir bijusas
dazadas attistibas stadijas; Tpatnu izmé&ri mainas no 0,8 lidz 4 cm. Lielakas zivis varétu biit jau
picaugusi Tpatni. Veikts to morfologisks salidzinajums ar radniecigu ginSu Mesacanthus un
Triazeugacanthus parstavjiem Zviedrijas Dabas vestures muzeja Stokholma, Amerikas Dabas
véstures muzeja Nujorka un Dabas véstures muzeja Cikaga, ASV.

Bezmugurkaulnieku kolekciju veido dazadu taksonu parstavji: neskaitami labi
saglabajusies Skeltkajvezi un lapkajvezi, ievérojami mazak gliemenvézu un vézskorpionu. Ipasi
nozimigi ir iepriek§ nezinamu parazitisko tarpu atlieku atradumi (kopskaita 77) 16 brunuzivju
mazulu un 27 akantozu skeletos.

Morfologisko pétijumu metodes

Fosilo zivju preparéSana norisinajas binokulara mikroskopa ar asu adatu palidzibu.
Fosilais materials ir Joti trausls, kas sarezgl preparéSanu un ieveérojami paildzina tas laiku.
Brunuzivju mazulu mérjjumi veikti péc V. Karatajiites-Talimaa (1963) viedotas sist€émas, to
papildinot ar Verdelina un Longa (Werdelin, Long, 1986) piedavatiem mé&rjjumiem saistiba ar
brunuziju mazulu juvenilajam iezimém. Alometrijas petijumiem tika izskaitlotas brunu platgu
un kermena dalu proporcijas. Brunuzivju mazuliem veikto mérjjumu precizitate ir lidz 0,05
mm (lietojot binokulara linealu), pieaugusiem ipatniem — lidz 0,5 mm (lietojot mércirkuli).
Akantozu mérfjumi veikti péc J. Zideka (1976) viedotas sisteémas. Akantozu skeletu garumi ir
vert€jami ka aptuveni, jo kermena zvinojums fosilizacijas gaita, domajams, ir deforméjies.



Terminologija. Brunuzivim izmantota E. StenSe (Stensid, 1948) veidota
terminologija ar R. Mailsa (Miles,1968) un citu p&tnieku (Young (1983, 1984 b,1988; Young,
Gourter, 1981; Janvier, 1996) papildinajumiem. leprieks§ neaprakstitiem brunuzivju mazulu
skeleta elementiem tika ieviesti vairaki jauni apzim&jumi: papildus valnisi uz galvas vairoga,
sanu un védera sienam, kas izskaidroti promocijas darba. Akantodém izmantota Vatsona
(Watson, 1937), R. Denisona (Denison, 1976) un J. Zideka (Zidek, 1976) veidota
terminologija.

Tika veikti brunuzivju Asterolepis ornata iepriek§ nezinamu mazulu un Lodeacanthus
gaujicus akantozu dazadas vecuma stadijas detalizéti morfologiskie pétijumi. Tika izstradata
So zivju agrinas ontogenézes un attistibas stadiju p&tijjumu metodologija. Katras agrinas
augSanas stadijas nodaliSanai tika izvertétas zivju mazulu morfologiskas ipasibas un to
izmainas. Visas morfologiskas izmainas tika iedalitas kvalitativo un kvantitativo pasibu
grupas. Kvalitativo paSibu izmainas mazulu morfologija notikuSas diezgan strauji vai pat
l&cienveidigi, saméra 1sa laika perioda. Kvalitativas Ipasibas kvantitativi nav izm&ramas.
Kvantitativo Ipasibu izmainas notikuSas Ieni, pakapeniski un parasti visa augsanas laika, tas ir
kvantitativi izm@ramas. Katra ontogenétiska augsanas stadija raksturota ar konkrétu kvalitativo
ipasibu izmainam uz kvantitativo 1pasibu izmainu fona (kvalitativo un kvantitativo ipasibu
izmainu kopums). Vé&lakas attistibas stadijas $1 metodologija vairs nav pielietojama, jo
kvalitativas skeleta izmainas turpmakaja ontogenéze vairs neseko.

Tika veikti akantozu zvinu morfologiskie pé&tijumi, kuru rezultata nodalitas seSas
zvinojuma zonas ar morfologiski atskirigiem zvinu veidiem (Upeniece, Beznosov, 2002) katra
Zona.

Tafonomisko un paleoekologisko pétijumu metodes

Tafonomiskie pétijumi lauj novértét organismu atlieku saglabasanas stavokli un
veidu, izvietojumu, orientaciju u.c. Lai varétu izdalit tafocenozu tipus, tika izmantota saistiba
starp organismu atlieku saglabasanas pakapi un tas ieklaujoSo iezu tipiem. Zivju skeletu
dezintegracijas secibas pétijums lava izprast apglabasanas apstaklus devona deltu regionos. Lai
izvertétu fosiliju dazado saglabasanas pakapi tafocenozg, tika pielietotas aktuopaleontologisko
petijumu metodes.

Organismu atlieku morfofunkcionalas analizes rezultata, p&tot mutes un Zzoklu
morfologiskas ipatnibas, kermena izm&rus un formu, tika noteikts organismu barosanas veids
un nodalitas §adas ekologiskas grupas: plésgji, augedaji, bentofagi, plankton- un detritedaji. So
informaciju papildinaja ar1 bruguzivju mazulu kupgu fosilizeta satura pétijumi. Lai izveidotu
Lodes laikposma paleobiocenozes trofisko piramidu (barosanas I[imenus un baribas kédes), tika
pielietota aktuopaleontologiska p&tijumu metode, izdalot producentu un konsumentu grupas.



3. Lodes fosiliju atrodnes paleoekologija un zivju atlieku tafonomija
3.1. Fosiliju izplatiba ,,zivju mazulu” leca

Viena no Lodes (Liepas) malu atradnes peleko sikdisperso malu 1&cam, kas aiznem
66 m platu iegrauzumu Sietinu svitas smilSakmenos, izrakumu laika tika atrasti unikali dazadu
zivju mazulu veseli skeleti, ka ar1 daudzveidigas bezmugurkaulnieku un augu atliekas
(Upeniece, Upenieks, 1992; Upeniece, 1995, 1996, 1999, 2001b). ,,Zivju mazulu” malu 1&cu
veido tumsi peléka mala laminiti, kas bagats ar organiskajam vielam. ST malu l&ca péc autores
icteikuma (Latvijas Universitate, 1991) ir nemta valsts aizsardziba Geologisko un
Geomorfologisko dabas pieminek]u kategorija (Stinkulis, 2003).

IHTIOFAUNA

Ihtiofaunu $aja malu Iéca parstav parsvara maza izmera (0,8-4 cm) zivis un to mazuli
dazadas attistibas stadijas. Ipa§i labi saglabajusies Cetru ginSu parstavju mazulu skeleti:
brunuzivju Asterolepis ornata, akantozu Lodeacanthus gaujicus, daivspurzivju Strunius
sp. nov. un Latvius sp. nov. skeleti. Starp retiem, fragmentariem atradumiem ir starspurzivis
Cheirolepis sp. un nenoteiktas daivspurzivis Osteolepididae gen. et sp. indet., ka arl
Coelacanthidae gen. et sp. indet. Atseviskos gadijumos ir konstatéti ari veselu pieaugusu
brunuzivju Asterolepis ornata skeleti (garums bez astes 30-35 cm) un viena gadijuma ari
veselas daivspurzivs Laccognathus panderi atradums (garums 1,65 m).

Bez minétajam zivju atliekam ir atrasts plass, pie dazadiem taksoniem piederosu zivju
zvinu klasts. To starpa ir ar1 neidentificétu zivju zvinas.

BEZMUGURKAULNIEKI

Pararzitiskie plakantarpi. P&tot brunuzivju un akantozu mazulu morfologiju, tajos
tika konstatéti zivim nepiederosi elementi - savdabigas, mikroskopisku (domajams, hitina)
kasiSu grupas. KasiSu izméri ir loti mazi, 0,02-0,4 mm. Kopuma atrastas 77 fosilo parazitu
atliekas vai to grupas 16 brunuzivju mazulu skeletos un 27 akantozu skeletos, ka ar1 viena
Skeltkajvezitt. KasiSu specifiskas lokalizacijas vietas akantod@s norada gan uz to piederibu
parazitiskiem organismiem, gan arl uz to iespgjamo dzives veidu. Peldspuru un Zaunu vietas
konstatétie kasisi, jadoma, pieder&jusi ektoparazitiem, savukart védera dobuma bijuso ieksgjo
organu vieta atrastie — endoparazitiem (Upeniece, 1999 a,b,c). Brunuzivju mazulos atrastie
kasisi tik parliecinosu informaciju par lokalizacijas vietam nesniedz.

KasiSu radialais izvietojums un izskats ir Iidzigs misdienu plakantarpu tipa
(Platyhelminthes) Cercomeromorphae virsklases parstavju kaSiem kapura stadija, bet ir
ieverojami lielaka izméra. Atseviskas kasiSu grupas atgadina ar1 dzelkSngalvju Acanthocephala
piestiprinasanas organus. Tomér visvairak fosilie kasisi lidzinas Monogenea klases parstavju
kapuru kasiSiem. Monogenejiem tie ir izvietoti kermena aizmugurgja gala un veic
piestiprinasanas funkcijas pie saimniekorganisma. Parazitiskie plakantarpi parsvara lokalizgjas
uz zivju zaunam, zvinojuma, kermena dobuma un asinsrites sist€éma.

Fosilo parazitisko organismu atlieku identific€Sanu apgriitina diagnostic€jamo miksto
kermena dalu trikums. Fosila veida saglabajusies ir tikai kasi. Sis parazitisko tarpu atliekas
varétu parstavet plakantarpu Monogenea sencus, kas atbilst parazitologa Levelina (Llewellyn,




1982) izteiktajai hipotézei par parazitisko plakantarpu filogenézi senajas zivis. Par to liecina ari
kasiSu maksimalais skaits — 16, kads ir raksturigs tiesi primitivajiem monogeneju tarpiem
(Boeger, Kritsky, 1993).

Atrastie fosilie kasi$i ir vissenakas lidz §im zinamas zivju parazitu atliekas
paleontologiskaja hronika (Poinar, 2003). Citi zinamie zivju parazitu atradumi attiecas uz
jaunakiem nogulumiem, - pa vienam paleozoja un mezozoja. Karbona perioda haizivi
Cobelodus aculeatus ir atrasti elipsoidalas formas sakopojumi (Zangerl, Case, 1976), kas tiek
interpreteti ka parazitisko tarpu olinas. Brazilija, krita perioda kaulzivju Cladocyclus gardneri

_____

1973).

Vézveidigie. ,,Zivju mazulu” malu léca vairakos slanos konstatéti augstako
vézveidigo Skeltkajvézu (Mysidacea) saskalojumi. Devona perioda augstakie vézveidigie ir
zinami vismaz septinas atrodnés Eiramerikas paleokontinenta, no tam piecas ir Eiropa (Shram,
vézveidigo atliekas ir retas un parasti ir slikti saglabajusas (Shram, 1980). Liepas (Lodes) malu
karjera ir lielaka augstako vézveidigo atrodne devona.
saglabajusas antenas, acis, kriiSu un veédera ekstremitates. Nereti ir sastopams arT gremosanas
organu fosilizgjies saturs (Upenieks, 1990). Skeltkajvezisi dazos slanos ir ar biezu hitina
apvalku, savukart dazos sanos tie ir ar planu, tikko atauguSu apvalku. VéziSu izmeérs ir
apméram 1 cm. Domajams, ka tie kalpoja par siko zivju baribas bazi.

Lapkajvezi (Conchostraca) parsvara saskaloti viena slaniti kopa ar augu atliekam.
Tos parstav vairaki taksoni, no kuriem noteikta tikai viena gints Pseudestheria. Sie veézveidigie
ir ar planam, caurspidigdm hitina ¢aulinam. Pieaugusie patni ir ap 1 cm gari, bet atrasti ari
mazaki (Iidz 0,5 cm gari) nepieaugusi Ipatni. Caulinas vacini parasti ir saglabajusies kopa, kas
liecina, ka Sie organismi nav bijusi paklauti nozimigai straumju darbibai.

Gliemenvezi (Ostracoda) ir saglabajusies tikai nospiedumu veida, to caulu izmeri
sasniedz vien 0,3-1,3 mm. Siem vézveidigiem ir ovalas formas ¢aulas ar gludu virsmu bez
specifiskam morfologiskam iezimém. To karbonatiskas Caulinas, domajams, ir bijusas Joti
planas un fosilizacijas laika ir izSkiduSas. AtseviSkiem eksemplariem caulinu nospiedumi ir
saglabajusies atverta veida, ar pavertiem vaciniem.

Saja l&ca ir atrastas arf citu vézveidigo atliekas, kuras pagaidam nav identificgjamas.

Vézskorpioni. Ve&zskorpionu atliekas ir parstavétas ar retiem, atseviskiem
fragmentiem, kas viegli identificgjami to Tpatngja pusaplu ornamentgjuma dél. So dzivnieku
apvalku karbonatiska dala ir izSkidusi, un saglabajusies ir tikai plana hitina kartina. Teor&tiski
pieauguso Ipatnu garums varétu sasniegt pat 1 m. Atrasts arl vézskorpiona mazula fragments.
P&c izmériem Sie vézskorpioni ir bijusi lielaki neka Plavinu un Salaspils regionalajos stavos
zinamie.
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PROBLEMATISKAS ORGANISMU ATLIEKAS

Saméra biezi ir sastopamas neidentific§jamas problematiskas organismu atliekas.
Pie tam pieskaitamas siki, apalas formas nospiedumi, kas sakopoti nelielas apalas formas
grupas (nospiedumu skaits grupa Iidz 17). lesp&jams, tas varetu but bijuSas nezinamu
bezmugurkaulnieku olinas (Upeniece, 2001b, PI. 2, Fig. 2-5).

Domajamo bezskeleta organismu esamibu varétu atpazit péc mala ,,burbuliem”, kas
izveidojusies $o organismu atlieku pii§anas rezultata. Sadi pusanas gazu veidoti ,burbuli” ir
konstatéti ari ap koprolitiem un pie atseviSsku brunuzivju atliekam. Mala ,,burbuli” veido
koncentriskas ieapalas malu kartinas virs un zem tridéSanai paklauta organisma vai koprolita
(Upeniece, 2001b, P1.3, Fig. 4).

KOPROFOSILIJAS

Koproliti sastopami ,,zivju mazulu” malu 1€ca saméra vienmerigi. Tie ir dazadi un
atSkiras peéc izmériem, formas, struktiras, ieslégumiem. Parsvara tie ir zivju koproliti, - gan no
plés€jam zivim, gan ar1 no aug- un detritédajam zivim. Sikaki koproliti, domajams, varétu bt
bijusi bezmugurkaulnieku dzives noriSu galaprodukti. Saviti gareni koproliti veidojuSies zivim
ar spiralisko varstuli. Tadi biezi vien satur akantozu zvinas un dzelkSnus, retak pat veselas
akantodes, ka ar1 sikus kaulinus un sikas daivspurzivju zvigas (Latvius sp.nov., Strunius
Sp. nov.).

Lielai dalai koprolitu nav spiraliskas struktiiras, tapec visdrizak tie radusies zivim bez
spiraliska varstula. Tajos ir mazak zivju atlieku un vairak augu paroglojusas dalas. Tiem
raksturiga neregulara forma.

Reizém koproliti ir izvietoti plana slani. Dala no tiem var€tu parstavet zivju atrijas.

AUGU ATLIEKAS

Augu atliekas ,,zivju mazulu” malu l&ca ir parstavétas galvenokart ar ieskalotam
pirmatngjo kails€klu Archaeopteris fissilis Schmalhausen un pirmatn€jo paparzveidigo
Svalbardia polymorpha Heeg sauszemes augu atliekam. Sis atliekas satur sikus zarinus,
lapinas, megasporas un reizém ari sporangijus. Udens augus parstav nedaudzi algu taksoni. Tas
varétu but Platyphyllum sp. atlickas, ka ari mieturalgu Charophyta un Trochiliscus sp.
auglkermeni. Alges Trochiliscus sp. auglkermenis tika atrasts brunuzivs mazula fosilizétaja
kunga satura, izgatavojot ta planslipgjumu.

3.2. Zivju atlieku tafonomija

Zivju tafonomisko pé€tijumu rezultata tika iegiita informacija par zivju skeletu
nogulsnéSanas un saglabasanas apstakliem, bojaejas iesp€jamajiem c€loniem u.c. Saméra
plasais brunuzivju mazulu un pieauguso Ipatpu fosilais materials lava izpétit kermenu
dezintegracijas secibu un, piesaistot iegulas sedimentologisko un tafonomisko Tpatnibu
pétijumu datus, izprast paleoekologisko faktoru ietekmi uz tafocenozu tipu veidoSanos
(Upeniece, 1991; Kurss u.c., 1999).
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Tika noteikta seciba, kada brunuzivju skeleti sedimentacijas gaita dezintegréjas no
pilnigi veseliem skeletiem lidz atseviskam brunu platném un to fragmentiem. P&tita pieauguso
individu brunuzivju tanatocenoze ietvéra gan veselus kermenus, kuri nogrima, neizejot
uzpeldésanas stadiju (ar atdalitam AMD brunu platn€m), gan ari jau ieprieks sadalijusos
kermenus péc to uzpeldéSanas triidgazu izdaliSanas rezultata (Upeniece, 1999d). Vajas
piegultnes straumes ietekm&ja brunu platnu un zvinojuma dezintegraciju un orient&ja skeletus
paral€li valdoSo straumju virzienam (aptuveni Z-D virziens).

Diskusija

Agraka hipoteéze par pieauguso brunuzivju masveida bojaeju skabekla trikuma
apstaklos pamatojas uz skeletu sakopojumu izvietojuma sedimentacijas ritmu augs€jas
malainajas dalas (KurSs, Lyarskaya, 1973; Lyarskaya, 1981), kas radija prieksstatu, ka
brunuzivju mirstibu ir ietekmé&jusi tidens baseina strauja regresija. Vélak Sis viedoklis tika
parvértéts un zivju skeletu sakopojumu c€loni tika attiecinati uz sedimentacijas hidrodinamisko
vidi (Kurss, 1986, 1992b, fig. 3): deltu nogazu ieplaku dzilakajas vietas kermeni ir tikusi
ieskaloti vaju straumju rezultatd. Savukart virziena uz ieplaku malam zivju atliekas klist
aizvien fragmentarakas. Tafonomiskie pétfjumi “zivju mazulu” malu l&ca par brunuzivju
mazulu skeletu dezintegracijas pakapi apliecina augstak mineto V. Kursa viedokli par to, ka art
§ts zivju atliekas ir bijuSas ieskalotas ieplakas un saskirotas péc to izmériem (Upeniece,
Upenieks, 1992).

Analizgjot Larskas (1981, 11. att.) publicétos zivju skeletu sakopojumu att€lus, tika
konstatéta likumsakariba, ka brunuzivju skeleti straumju darbibas rezultata tikuSi orienteti
aptuvena Z-D virziena, savukart lielie daivspurzivju kermeni attiecigi R-A virziena. Sada
orientacija, domajams, vargja izveidoties tapec, ka brunuzivju kermeni ir vieglaki un mazaki,
un tika orient€ti paral€li straumju virzienam. Savukart, smagakie un garakie daivspurzivju
kermeni tikusi velti pa gultni un orientéti perpendikulari straumju virzienam (Upeniece, 2001
b).

3.3. Zivju atlieku tafocenoZu tipi

Zivju atlieku tafonomiskie p&tijumi Liepas (Lodes) malu atradné lava izdalit vismaz
septinus tafocenozu tipus atkariba no iezu tipiem un organismu atlieku saglabasanas pakapes.
Nemot véra, ka iezu tipi atSkiras ne tikai pé€c granulometriska sastava, bet ar1 pec tekstiiras, tad
Sos tafocenozu tipus var€tu uzskatit par litofacijam.

3.4. Lodes laikposma paleobiocenozes baribas kédes

Ieprieks€jos petijumus par devona organismu baribas k&dém veikusi E. Mark-Kurika
(Mark-Kurik, 1995) par Eifela laikmetu, O. Lebedjevs (Lebedev, 1992) un E. Luksevics (1992)
par Faménas laikmetu. Savukart Lodes laikposma organismu izcila saglabasanas pakape un to
daudzveidiba deva iesp&ju izveidot pilnigaku priekSstatu par baribas k&dém devona.
Promocijas darba pirmo reizi tika izveidota iesp&jama trofiska piramida devona deltu
zemildens rajoniem.

Devona perioda juras Baltijas regiona bija epikontinentalas un salidzino$i seklas
(Kurss, 1992 b). Iesp&jamas baribas k&des Lodes organismu paleobiocenoze (1. att.) balstas uz
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pienémumu par autohtonu organismu atlieku apglabasanos, jo to augsta saglabasanas pakape
norada uz relativi nelielu transportéSanas attalumu. Lodes svitas nogulumos ir konstateti
gandriz visi galvenie devona mugurkaulnieku taksoni: bezzokleni, bruguzivis, akantodes,
daivspurzivis, starspurzivis. Par organismu baroSanas veidu liecina mutes un zoklu
morfologiskas Ipatnibas, kermena izmérs un forma. P&c baroSanas veida zivis var iedalit
bentosa- un planktonédajas, detrit- un augédajas, un plés€jzivis. Siko vézveidigo bagatigais
klasts veidoja baribas k&des posmu starp fitoplanktonu un zivim.

Zivju mazuli parstavéja dazadu ekologisko niSu taksonus (brunuzivis - bentofagi,
akantodes - planktonédaji, daivspurzivis - plésgjzivis). To skaitliskas attiecibas attiecigi ir
50:7:1, kas var€tu raksturot to reali daba pastavosSo proporciju, jo to nav izmainijusi straumju
radita frakcion@Sana péc zivju izmériem. Lodes atrodné pl€s€jzivis parstav devinas sugas. Ta
ka daivspuru plésg€jzivis ienem trofiskas piramidas augsgalu, tad attiecigi to mazuli ir krietni
mazak sastopami. Raksturigs ir gandriz pilnigs lielo pl€s€jzivju mazulu trikums.

Lodes paleoekosistemu veidoja vairaku trofisko Itmenu organismi: producenti,
primarie un sekundarie konsumenti, bet terciarie konsumenti ir ceturto un piekto Iimeni
parstavosas plésgjzivis. Trofiskas piramidas pamatu veido producenti — autotrofie organismi
(makroskopiskas alges un fitoplanktons), ka ari organiskais detrits. Primaros konsumentus
parstav bentiskas formas (detrit-, un augédaji), ka ari zooplanktons un sikas nektona formas
(akantodes). Sekundaros konsumentus parstav bentosa un zooplanktona &daji. Terciaros
konsumentus parstav divu Iimenu plés€jas: mazas un lielas plés€jzivis. Ja pienem, ka zivju
paraziti parazit€ja ari lielajas plesgjzivis, tad tos var€tu uzskatit par trofiskas piramidas
noslédzoSo posmu. Pagaidam gan =zivju parazitu atliekas konstatétas tikai primarajos
konsumentos.

Deltu rajonos no upém tika ieskalots liels organisko vielu daudzums, kas kalpoja par
baribas bazi visai paleoekosistémai. So sanesto organisko vielu pamata bija gan no sauszemes
ieskaloto augu atliekas (pirmatngjo kailseklu Archaeopteris un pirmatn€jo paparzveidigo
Svalbardia), gan arT Gdeni augosas alges (miecturalges Charophyta, Trochiliscus, un ?alges
Platyphyllum) un organiskais detrits. Kopa ar fitoplanktonu tas veidoja trofiskas piramidas
pirmo limeni jeb producentus.

Ieskalotais organiskais materials kalpoja par baribas bazi tadiem primarajiem
nenosakamiem vézveidigajiem, vé&zskorpionu mazuliem, dazadiem tarpiem un citiem
mikstmieSu bezmugurkaulniekiem), ta arT liela izméra bentofagiem (Psammolepis gints
bezzokleniem). No producentiem partika arm brunuzivju Asterolepis ornata mazuli un,
domajams, dalgji arT augstako vézveidigo Mysidacea parstavji. Pie primarajiem konsumentiem
varétu pieskaitit ar1 akantodes Lodeacanthus gaujicus, kas, domajams, vargja partikt no
fitoplanktona un sika zooplanktona. No fitoplanktona var€ja partikt art minétie vézveidigie.

Nakoso trofisko Iimeni baribas piramida ienem sekundarie konsumenti. Tadi varétu
bt pieaugusie vézskorpioni (garuma lidz 1 m), kas, domajams, partika no sikiem bentiskajiem
organismiem, tapat ar1 pieaugusas brunuzivis 4sterolepis ornata, kas art varétu bariba izmantot
sikus bentiskus organismus. No Siem bentiskajiem organismiem vargja partikt art divejadi
elpojosas zivis un sikas daivspurzivis Strunius. Mazas daivspurzivis (Iidz 5 cm garas),
Ar So zooplanktonu vargja baroties ar1 sikas starspures Cheirolepis.

NakosSo trofisko lItmeni veido sikas plésgjzivis (20-50 cm). Tas, domajams, partika no
daivspurzivju mazuliem un starspurzivim. Sava uztura tas vargja izmantot ar tadus primaros
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konsumentus ka akantodes. So grupu veido Latvius, Eusthenopteron un citas osteolepididu
kartas zivis.

Piramidas aug8gala atradas lielas plesgjzivis (0,8-1,7 m): daivspurzivis Laccognathus,
Panderichthys, Glyptolepis, Miguashaia. Sis zivis partika gan no lielajiem primarajiem
konsumentiem (bezzokleniem Psammolepis), gan no sekundarajiem konsumentiem (lielie
vezskorpioni, pieaugusas brunuzivis Asterolepis, divejadi elpojosas zivis Grossipterus, sikas
un juvenilas daivspurzivis). Tapat varéja izmantot partika art sikas (20-30 cm garas) pl€sgjzivis
Latvius, Eusthenopteron un citus osteolepididus.

So trofisko piramidu papildina parazitisms, kas pagaidam konstatéts tikai uz
primarajiem konsumentiem (brunuzivju Asterolepis un akantozu Lodeacanthus mazulos,
augstakajos vézveidigajos Mysidacea).
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PLESEJZIVIS

Esgjzivis

lielas plésgjzivis

mazas p

SEKUNDARIE
KONSUMENTI

PRIMARIE
KONSUMENTI

PRODUCENTI

l.att. Iesp&jamas baribas kédes Lodes organismu paleobiocenoze (# - ar parazitu atliekam)

Laccognathus Panderichthys | | Glyptolepis Miguashaia
panderi rhombolepis baltica grossi
0.8-1.7 m 0.8-1.3m ~1m <lm
Latvius | Osteolepididae | Eusthenopteron
sp.nov. | gen. et sp. Indet. kurshi
~30cm | ?~20-30 cm ~05m
VéiSkﬂrpiﬂni T Ii’l"!;l,lllzwls \ dipteridas dai Sikﬁs_ - daivspurzivju starspurzivis
(pieaugusie) sterolepis ornala| | G.osipierus Alvspurzivis mazuli Cheirolepis sp. (juv.?)
Yt (pieaugusas) ony Strunius sp.nov. ~5cm
0.5-0.8 m ~10-15 cm 1-5 cm
Bentoss (bezskeleta organismi, bezzokleni brunuzivju zooplanktons akantodes
lapkajvezi, gliemenvezi, Psammolepis alata, mazuli (Mysidacea) # || Lodeacanthus gaujicus #
veézskorpionu mazuli, tarpi, Ps.paradoxa, Ps.undulata Asterolepis ornata # 1-4
s e T 0.5-1 cm -4cm
nenosakdmi vézveidigie) ~0.7m 1-5 cm

N

it el o

organiskais detrits (dzivnieku atliekas,
koproliti, idens un sauszemes augu atlickas

Archaeopteris, Svalbardia)

alges (Charophyta,
Platyphyllum sp.,
? Nematophyton sp.)

fitoplanktons
(iesp&jams, Cyanophyta,
megasporas, oogoniji)
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4. Brunuzivju Asterolepis ornata Eichwald mazulu
morfologija un ontogenéze

Brunuzivis ir izmirusu zivju klase, kuras parstavjiem galva un rumpja priekseja dala
bija klata ar dermalam brunu platném. Brunuzivju uzplaukuma laiks bija devona periods. Tas
parasti labi saglabajas parakmenojumu veida, lai gan veselu skeletu atradumi ir retums.
Brunuzivju Asterolepis ornata mazulu laba saglabasanas pakape deva iesp&ju izpétit So
Tpatngjo zivju augSanas Tpatnibas.

4.1. Morfologiskas uzbiives izmainas ontogenéze

Brunuzivju Asterolepis ornata mazulu dermalo kaulu (brunu platgu) izpétes laika
tika noteikti pieci secigi agrind vecuma attistibas posmi. Mazulu kermena brunu platnu
kopgjais garums, ietverot galvas vairogu un rumpi, ir 1,0 - 3,8 cm. Katru attistibas posmu
raksturo ipasas morfologiskas iezimes, kas atspogulo brunu un zvinu attistibu (2. tabula).
Lielakie brunuzivju mazuli morfologiski jau lidzinas savas sugas pieaugusajiem patniem.
Pareja no viena attistibas posma uz otru norisa pakapeniski, Iidz ar to atseviSkiem Tpatpiem ir
noveérojamas pasibas, kas raksturigas abiem secigiem attistibas posmiem. Vairums atrasto
brunuzivju mazulu (vairak ka 90%) atbilst otrajam attistibas posmam, kad to garums sasniedz
apméram 1,5 cm.

Brunuzivju mazulu juvenilas iezimes. Brunuzivju mazuliem to attistibas gaita ir
konstatetas noteiktas morfologiskas Ipatnibas, kas atskir tos no pieaugusajiem Tpatniem.

1. Bruguzivju mazuliem ir 1pasa brunu platpu izturibu pastiprinoSa sazarota valniSu
sist€éma, kas aptver visas brunu platnes. Lielakiem mazuliem valniSu sist€éma klast arvien
neizteiktaka, 11dz pieaugusajiem Tpatniem no tas ir saglabajusies tikai vaji izteikti galvenie
valnisi (dmr, dlr, vir). Mazuliem raksturigie ofr valniSi ir arT tiem radniecigo antiarhu
brunuzivju Bothriolepis canadensis juvenila iezime (Stensid, 1948, p. 104).

2. Nozimigas kermena dalu proporciju atSkiribas agrinas attistibas laika.

3. Nepilnigi attistitas brunu platnes pasas agrinakajas to veidosanas stadijas.

4. Pakapeniska brunu platpu ornament€juma maina individa augSanas laika: sakot no
gludas virsmas, bez ornamentjuma lidz tiklveida un Stinveida ornamentéjumam, un talak
lidz tuberkulari-radialam ornament&jumam.

5. Sanu sieninas atvérums (lateral fontanelle) paSiem mazakajiem mazuliem. Atvérums
pakapeniski samazinas un izzud lidz ar blakus esoso ADL, AVL, PL un PVL brunu platpu
palielinasanos.

6. Védera sieninas atveérums (ventral fontanelle) starp AVL un PVL brunu platném, - MV
platnes nav jaunakajiem 1patniem. Ta sak parkauloties tikai tad, kad blakus esoSajam platném
jau ir izveidojusies kaula 3-slanaina struktiira.

7. Atseviskas PDL un PL brunu platnes, kas pieaugusem ipatniem sapliist viena kopgja
MxL platné.

8. Divi atsevisSki centralie kaulini kraSu peldspuras distalaja segmenta (Cds; un Cdy);
savukart Asterolepis pieauguSiem Ipatpiem tads ir tikai viens. Cds kaulin$ ir saaudzis ar
terminalo kaulu jau pusaugu stadija, lai arT Suve nav redzama.

9. Brunuzivju mazuliem krasu peldspuras distalaja segmenta ir ar1 papildus Mls kaulins;
pieaugusiem Tpatniem tas ir saaudzis ar terminalo kaulu.
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10. Nozimigas izmainas zvinu morfologija: mazulu zvinam ir paugurin$ uz argjas
virsmas; iek$gja virsma ir attiecigs iedobums. Piecaugusiem Ipatniem $ada iedobuma nav un
argjo virsmu sedz daudzskaitligi paugurini (vai ar1 ta ir gluda astes gala zvinam).

11. Bruguzivju mazuliem nav saglabajusas sensoras linijas. Sensoro liniju pirmas
zinamas iezimes paradas uz lielako mazulu pakausa kaula.

12. Vizualas atSkiribas Suvju uzbiive: labi attistitas zobinveida Suves starp galvas vairoga
kauliem endokranija regiona, ka ar1 starp krasu peldspuras kauliniem. Pieaugu$iem ipatpiem
ir saskatamas nedaudzas So zobinveida Suvju atliekas, bet paréja parklajuma virsma ir slipa
un labi izteikta.

4.2. Brunuzivju mazulu ontogenétiskas attistibas stadijas

Balstoties uz morfologisko Tpasibu izmainam agrinas attistibas laika, tika izdalitas 5
ontogenétiskas augSanas stadijas. Visas morfologiskas izmainas tika iedalitas kvalitativo un
kvantitativo paSibu grupas. Kvalitativo IpaSibu izmainas brunuzivs mazulu morfologija

pakapeniski un parasti visa augSanas laika. Tas ir kvantitativi izmeéramas.

Kvalitativo 1pasSibu izmainas. 1) brunu platnu strukturalas izmainas: 3-slanu kaulu
veidoSanas, valniSu sist€ma, Suvju attistiba, ornament&jums; 2) kermena parklasanas ar brunu
platném un zvinojumu; 3) zvinu morfologiskas izmainas; 4) sensoro Iiniju attistiba.

Kvantitativo Ipasibu izmainas. 1) kermena garums; 2) kermena dalu savstarpgjas
proporcijas; 3) brunu platnu biezums.

Katru ontogenétiskas augSanas posmu (stadiju) raksturo konkrétas kvalitativo
Ipasibu izmainas uz kvantitativo 1pasibu izmainu fona (kvalitativo un kvantitativo IpaSibu
izmainu kopums). Ka iepriek§ miné&ts, brunuzivju mazuliem kvalitativo 1pasibu izmainu
lielaka dala norisinajas noteikta vecuma (attistibas posma), 1idz zivs kermenis bija sasniedzis
aptuveni 4 cm garumu (neskaitot astes dalu). Vienigi PDL un PL kaulu saaugSana vienota
MxL kaula, ka arT kriiSu peldspuras distala segmenta kaulinu Cds un Mls saaugSana ar
terminalo platni notika vecakiem Ipatpiem jau péc 5. ontogenétiskas attistibas posma.
Kopuma varétu secinat, ka So brunuzivju brungu platnpu veidoSanas process notika sameéra
strauji, kermena garumam pieaugot tikai par 3 cm.

Ontogenézes laika norit€jusas secigas, pakapeniskas izmainas brunu platpu
ornament&juma. Paral€li notika arT citas izmainas brunu platnpu struktira. Agrinas attistibas
perioda brunu platpu ornament&jums mainijas sekojosa seciba: gluda virsma, neregulars
smalks tiklojums, neregulars stinveida tiklojums, radiali orientéts $tiinveida tiklojums, radiali
izkartoti siki paugurini, siks paugurinu ornament&jums. Pieaugu$am bruguzivim
ornament&jumu veido lieli, 1ézeni paugurini.

Pirmaja ontogenétiskas attistibas stadija brunu platnes ir planas, caurspidigas un to
veido tikai kaula bazalais slanis. Argja virsma ir gluda, bez ornamentéjuma. Nedaudz
lielakiem mazuliem (starp 1. un 2. attistibas posmu) gar brunu platnu valniSiem jau sak
veidoties sakotn&jais ornament€jums. Galvas brunu platpu Suvém zobinveida malina vél nav
noveérojama.

Otraja ontogenétiskas attistibas stadija brunu platnes ir nedaudz biezakas un uz tam
jau ir izveidojies neregulars smalks telpisks tiklveida ornament&jums. Bez ornament&juma
paliek tikai kermena brupu platpu argjas parklajumu malas. Gar brupu platpu valniSiem
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iekSpusé sak veidoties kaula trisslanu struktiira. Ap galvas brunu centralo platpu malam
izveidojas izteiktas zagveida Suves. Tadas pat Suves ir izveidojusas ari peldspuru kauliniem.

TreSaja ontogenétiskas attistibas stadija brunu platném ir jau pieaugusajiem
individiem raksturiga trisslanu kaula struktiira, ko veido bazalais, porainais un virsgjais
slanis. Brunu platnes sedz telpisks Stinveida ornament&jums. Pakausa kaula un AMD platnpu
centralaja dala sak veidoties atSkirigs - radiali tuberkulars ornament&jums no sikiem
pauguriniem. Galvas un peldspuru brunu platou zagveida Suves kliist telpiskas
(trisdimensionalas). Gar kermena brunu platgpu argjam malam izveidojas izteiktas Suvju
savienojumu malas.

Ceturtaja _ontogenétiskas attistibas stadija brunu platnes klast biezakas,
ornamentgjums uz galvas vairoga, AMD un ADL brunu platném iegist radialu orientaciju.
Sakotngjais tiklveida ornament€jums ir aizvietojies ar Stunveida un tuberkularu
ornament&jumu. Pakapeniski radialais ornament&jums sak izzust, saglabajoties tikai gar
brugu platpu aréjam malam, lidzigi ka tas ir v@rojams Asterolepis radiata (Karatajute-
Talimaa, 1963, Pl. X1V, figs. 3,4; Pl. XV) pieaguSajiem individiem. Uz pakauSa kaula un
AMD kaula centralas dalas sak veidoties radiali paugurains ornamentg&jums.

Piektaja ontogenétiskas attistibas stadija brupu platném ir neizteiksmigs radials
ornamentgjums, savukart paugurini kliist lielaki un plataki, iegiistot pusaugu Ipatniem lidzigo
smalki tuberkularo ornament&jumu. Saja attistibas posma brunuzivju mazula morfologiska
uzbiive l1dzinas savas sugas pieaugusajiem individiem. ValniSu sist€éma klist vaji izteikta.

Brunuzivju mazulu brunu platpu ornament&juma attistibas gaita izdalamas divas
galvenas iezimes:

1. Brunu platpu parkaulosanas iesakas gar kermena valnisu sistému. Par&jo platnes dalu
klaj vecuma posmam raksturigais ornament&jums.

2. Brunu platpu ornament&jums un strukturalas izmainas visstraujak attistijusas kermena
muguras pusé, savukart veéderpusé tas taja pasa laika bija attistijies daudz 1énak un
attiecigi ornament&jums atspogulo atbilstosi agraku attistibas stadiju.

4.3. Diskusija

Vairakas brunuzivju mazulu juvenilas iezimes, kadas nav zinamas to pieaugusajiem
ipatniem Asterolepis ornata, tika noveérotas citu ginSu brunuzivju (antiarhu) pieaugusajam
formam. Iesp&jams, ka dala no zemak min&tajam juvenilajam iezim&m varétu atspogulot
antiarhu filogené&tisko radniecibu.

1. Zvipojums. Brunuzivju Asterolepis mazuliem ir morfologiski atSkirigas astes
zvinas. Mazuliem uz zvinam ir izteikts paugurins, kuram ventralaja pus€ atbilst iedobums.
Dazadas pakapeés lidzigi paugurini uz zvipam ir nov€rojami ari citu antiarhu parstavju
pieaugusSajiem Tpatniem:

a) apakSdevona junnanolepidam, aprakstitam ka Asterosteidaec (Wang J., 1991);

b) apaksdevona junnanolepidam Liujiangolepis suni (Wang S., 1987) no Kinas, kas ir
senakais zinamais antiarhs ar saglabajusos astes zvinojumu;

¢) apaksdevona junnanolepidam Parayunnanolepis xitunensis (Zhang et al., 2001) no Kinas;

d) apaksdevona asterolepidoidam no Australijas (Young, 1984b);

e) vidusdevona Pterichthyodes (Hemmings, 1978) no Skotijas;

f) augSdevona Bothriolepis gippslandiensis (Long, Werdelin, 1986).
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Zvipas ar $adu morfologisko uzbiivi ir vissenaka iezime, kas novérojama
Asterolepis mazuliem. Lidziga veida zvinas ir zinamas arT primitivakam brunuzivim
Stensioella heintzi, un pat varétu vilkt paraléles ar atsevisku bezzoklenu, piemé&ram,
Gampsolepis insueta zvinu uzbiivi (Karatajiite-Talimaa, 1978).

2. ValniSu sistéma. Brunuzivju Asterolepis mazuliem bija izveidojusies brunu
platnu izturibu pastiprinosa valniSu sist€éma, kura pieaugusajiem ipatniem ar laiku gandriz
izzudusi. Tomer ir antiarhi, kuriem lidziga valniSu sisteéma saglabajusies ar1 pieaugusajam
formam. Parasti tas ir maza izméra brunuzivis (Minicrania, Microbrachius). Lielaka izméra
brunuzivim, tadam ka Pterichthyodes un Bothriolepis pieaugusam formam, valniSu sist€ma ir
saglabajusies tikai dalgji. ValniSu sist€éma apaksSdevona Minicrania gints parstavjiem liecina
par to, ka §11pasiba, kas piemit Asterolepis mazuliem, ir saméra sena.

3. Ventralais atvérums. Vismazakajiem atrastajiem bruguzivju mazuliem MV
brunu platne vél nav bijusi parkaulojusies un védera atvérumu, jadoma, segusi tikai ada. Art
Bothriolepis sp. mazuliem agrinajas attistibas stadijas ir konstatéts ventralais atvérums bez
parkaulotas MV platnes (Criswell ef al., 2007). Lidziga ipasiba ir novérojama Kinas un
Australijas agra un vid€ja devona sinolepidu pieaugusajiem ipatniem (Ritchie et al., 1992).
Sinolepidiem raksturigi, ka $is neaizaugusais ventralais atvérums ir loti liels. Visdrizak MV
platnes nebija vispar un atvérumu sedza tikai bieza ada.

Brunuzivju Asterolepis mazuliem MV brunu platne parkaulojusies pati pedgja. MV
platne citiem antiarhiem ir dazada relativa izméra. Pieméram, Heteroyunnanolepis gintij ta
aiznem ventralas sienas lielako dalu (Zhu, 1996). Parasti antiarhiem MV platne ir relativi
mazaka. Savukart Asperaspis gints parstavjiem MV platne vispar nav izveidojusies, bet
védera centralo daJu nosegusas blakus eso$as AVL un PVL brunu platnes (Panteleyev, 1993).

Domajams, ka MV brugu platne augSanas gaita dazadiem antiarhiem sakusi
veidoties atSkirigos vecuma posmos vai pat nav izveidojusies vispar.

4. Atsevisku brunu platnu saaugSana. Brunuzivju Asterolepis mazuliem agrinajas
attistibas stadijas ir bijis vairak brunu platpu neka pieaugusiem Ipatpiem. PieauguSiem
Ipatniem vairakas mazuliem raksturigas atseviskas platnes ir pilniba saaugusas. Tas ir
noveérojams sekojosos gadijumos.

PDL, PL un MxL brunu platnes. Brunuzivju mazuliem ir atseviskas PDL un PL
brunu platnes, kas pieauguSiem ipatniem saaug kopa, veidojot vienu MxL brunu platni.
Visiem vidus- un augsdevona Asterolepis gints pieaugusajiem ipatniem ir MxL platne.

Visiem apaksSdevona antiarhiem ir atseviSkas PDL un PL brunu platnes, kamer
vidus- un aug8devona ir zinamas antiarhu gintis gan ar atseviskam PDL un PL, gan ari ar
vienotu MxL platni. Lielakajai vidusdevona antiarhu dalai ir bijusi MxL platne. Domajams,
ka ta izveidojusies agra devona beigas vai vidusdevona sakuma. ST ipasiba vargja paradities
katrai gintij neatkarigi. Pieméram, Asterolepis gints tuvakajiem radiniekiem augSdevona
gintim Pambulaspis un Remigolepis parstavjiem ir atseviSkas PDL un PL platnes. Lidz ar to
§1 1pasiba Asterolepis ginti bija izveidojusies salidzinosi velu.

Kriisu peldspuras distalais segments. Brunuzivju mazuliem kriisu spuru distala
segmenta ir divi centralie kaulini (Cds; un Cdy), ka ar1 papildus Mls kaulins. PieauguSiem
eksemplariem distalaja segmenta ir tikai viens centralais kaulin$, bet Cds un Mls ir saaugusi
ar terminalo kaulu. Asterolepis mazulu peldspura péc visu to veidojoso kaulinu skaita un
izvietojuma pilniba atbilst vidusdevona antiarhu Pterichthyodes vai Byssacanthus
peldspuram, nevis Asterolepis ornata pieauguso Ipatnu spuram. Visdrizak, ka Asterolepis
gints senéiem Cdy un Mls kaulini nebija saaugusi ar terminalo platni. So kaulinpu saauggana,
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domajams, notikusi filogené&tiski saméra velu, iesp&jams, pat Asterolepis gints ietvaros. Uz to
norada ari fakts, ka Asterolepis sp. parstavjiem no Belgijas Sie kauli nav saaugusi ar
terminalo kaulu ari pieaugusajam formam (Gross, 1965). Pagaidam Asterolepis gints ir
vieniga zinama antiarhu gints, kura pieaugusajam formam distala segmenta ir tikai viens
centralais kaulins.

5. Kermena un brunu platnpu proporcijas.

Kriisu peldspuras brunuzivju mazuliem sasniedz kermena brunu aizmuguréjo malu,
lidzigi ka gints Bothriolepis piecaugusajiem ipatniem (Stensio, 1948). Savukart Asterolepis
pieaugusSajiem Ipatniem peldspuras garums sasniedz tikai 2/3 no rumpja garuma (Lyarskaya,
1981).

AVL brunu platne. Brunuzivju mazuliem AVL platnes laterala sienina augstaka ir
pie foramen axillaris, ka tas ir gints Bothriolepis parstavjiem. Savukart Asterolepis
pieaugusSajiem Tpatniem augstaka vieta ir lateralas sieninas aizmuguréja dala. Iesp&jams, tas
izskaidro, kadgl Asterolepis parstavjiem rumpis ir relativi lielaks ka Bothriolepis gints
parstavjiem.

AMD brunu platne. Brunuzivju mazuliem AMD platnei ir plata prieks€ja mala tapat
ka tas ir vidus- un augSdevona ginSu Bothriolepis, Pterichthyodes, Microbrachius,
Kirgisolepis pieaugusajiem Tpatpiem. Arl radniecigajai Pambulaspis gintij AMD platnes
prieksgja mala ir nedaudz plataka neka Asterolepis pieaugusajiem Ipatniem, un ir daudz
lidzigaka Bothriolepis gintij. Iesp&jams, ka asterolepidu un botriolepidu sencim AMD platne
bijusi ar platu prieksgjo malu.

Apaksdevona antiarhiem (Yunnanolepididae) AMD lielakoties ir ar smailu
prieks§€jo malu, iznemot Liujiangolepis (Wang S., 1987). lesp&jams, ka AMD brunu platnes
plata priek$€ja mala radusies vidusdevona. Augstak minétas proporciju ipasibas norada uz
Asterolepis un Bothriolepis ginsu radniecibu.

6. Ornamentéjums. Brunuzivju Asterolepis mazulu brugu platpu juvenilais
ornamentgjums ir izsekojams ari citu antiarhu pieauguSajiem iIpatniem. Piem&ram, otras
ontogenétiskas stadijas tiklveida ornamentgjums vietam lidzinas Bothriolepis portalensis
ornamentgjumam (Young, 1988); tresas ontogenétiskas stadijas Stinveida ornamentgjums
vietam Iidzinas Bothriolepis prima, B. obrutschewi (Karatajite-Talimaa, 1966) u.c.
botriolepidu ornamentéjumam, bet ceturtds un piektas ontogenctiskas stadijas radiali
paugurainais ornament&jums vietam lidzinas Asterolepis radiata (Karatajiite-Talimaa, 1963)
ornamentgjumam.

Senakajiem  zinamajiem  antiathiem (Yunnanolepididae) ir tuberkulars
ornament&jums, bet Bothriolepididae parstavjiem parsvara ir Stnveida ornament&ums.
Domajams, ka Stinveida ornament&jums izveidojies vélak neka paugurainais (tuberkularais).
lesp&jams, Asterolepis mazulu un Bothriolepis pieauguso Ipatnpu ornament€juma Iidziba
varétu noradit uz to, ka Asterolepis senCiem bijis botriolepidiem Ilidzigs Siinveida
ornamentgjums, kurs asterolepidiem vélak atkal parveidojas tuberkularaja ornament&juma.

No augstakminétajiem punktiem varétu secinat, ka Asterolepis mazuliem ir
raksturigas vairakas botriolepidoidu paSibas, kas nav novérojamas Asterolepis pieaugusajam
formam. Domajams, ka asterolepidiem un botriolepidiem ir bijis kopigs sencis ar ieprieks
minétajam botriolepidoidu ipasibam. Jaatzim&, ka Dianolepis gints parstavjiem un
Dianolepididae kopuma ir gan asterolepidu, gan botriolepidu ipasibas (Chang, 1965). ST
antiarhu grupa var€tu pretend€t uz hipotétiska asterolepidu un botriolepidu kopiga senca
statusu.
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2. tabula. Brunuzivju Asterolepis ornata mazulu agrinas augSanas stadijas un morfologisko pazimju attistiba

Brunu
Ol}togene- karP.aS. Bruqu platf’l U Kaulu Valnisu - ~ \_/entralals Lateralais | MxL
tiskas kopgjais ornamente- . Zvias Sensora atvérums / MV ~ _
. ) struktura sistéma e _ atverums | platne
stadijas garums, Jums linija platne
cm
Bez orna- Attistits Lle;tsvgf;l;izlals
mentgjuma tikai Labi Nav ’
1 1.1 o . o _ s Nav datu MV
bet siki tiklots | bazalais attistita parkaulojusas avda .y nav Ir Nav
- . izveidojusies
uz valniSiem slanis
Bazalais Ar iedobumu .
. o Ventralais
Neregulars slams, gak Ventralqja puse atvérums vai MV
2 1.4-1.6 siki fiklots Ve_ldO_tICS - un atbllsjtosu Nav datu sakuma atfistibas Ir / nav Nav
trisslanu paugurinu .
~ ST stadija
struktiira dorsalaja pusé
& trisslanu Nav iedobumu Labi atfistita MV
3 1.8-2.3 Stinveida Z « . _ Nav datu platne Nav
strukttira - ventralaja pusé Nav
Stinveida un . Zinama uz
2.6 - Ievérojami . Nav
4 _ radials; « _ Nav zinamas Nu, Pn « .
(teorét.) 2 - reducéta 0 - Nav zinadms
tuberkulars platném
3.8 . Nav
_ - Ar gl o
S (teorét.) - - r gludu virsmu - - Nav zindms
6 (pus- Nav Siki - Gandriz Nav zinamas Nav zinams - Ir
audzis) zinams tuberkulars izzudusi Nav
Pieaudzis Vietam vaji Rombiskas vai Visa
- . 25.0-35.0 Tuberkulars - 'V ieapalas, kermena « Ir
Ipatnis saskatama _ _ - No
ornamentetas garuma
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5. AkantoZu Lodeacanthus gaujicus Upeniece morfologija un ontogeneze

5.1. Morfologiska uzbiive

Akantodes ir izmiruSu zivju klase. Tas ir senakas zinamas zivis ar Zokliem. Katru
spuru, iznemot astes spuru, balsta ass dzelksnis. Akantodes ka nektona parstaves ir sastopamas
visu kontinentu nogulumos, sakot no augséja ordovika lidz apaks€jam permam. To zvinas un
dzelksni tiek izmantoti biostratigrafija. Tomér akantodes ir maz pétitas, jo veseli skeleti ir reti
atrodami.

Liepas (Lodes) malu karjera atrastas veselas akantodes pieder Mesacanthidae dzimtai
un ir autores aprakstita gints Lodeacanthus un suga Lodeacanthus gaujicus Upeniece, 1996,
kuru parstav gan pieaugusie individi, gan arm mazuli. Pétito akantozu izméri sasniedz 0,8 - 4
cm. Apméram Y4 dala ir mazuli ar nepilnigi attistitu kermena zvinojumu, vai ar vispar bez
zvinojuma. Pagaidam §is akantodes ir vienigas no devona akantodém, kuram ir zinama
ontogenétiskas attistibas seciba.

Sistematika
Klase  Acanthodii Owen, 1846
Karta  Acanthodiformes Berg, 1940
Dzimta Mesacanthidae Moy-Thomas, 1939

Gints un sugas diagnoze
Gints Lodeacanthus Upeniece, 1996

Diagnoze. Sikas, slaidas mezakantidas. Katrs zoklis parkaulojas no viena centra.
Augsgjais zoklis ar atverumu, apaks€jais zoklis bez mandibulara kaula; mandibularais
savienojums — vienkarsa tipa. Palielinati dermalie kauli vaigu un nazalajos regionos; para
nazalie kauli ir pusloka formas. Hioido zaunu vaku balsta daudzi gari branhiostegalie stari, kas
pilniba nesniedzas Iidz Zaunu regiona aizmuguréjai malai. Nav papildus Zaunu vaku.

Spuru dzelksni slaidi, taisni vai nedaudz ieliekti, no katras puses ornamentgti ar dzilu
garenisku rievu gar priek$€jo malu, aiz kuras seko vairakas paral€las smalkas, mazak izteiktas
rievas. KriiSu, dorsalie un analie spuru dzelksni ir aptuveni vienada garuma, védera spuru
dzelksni aptuveni par 1/3 1saki. Dorsalais dzelksnis izvietots nedaudz aiz anala, tam ir sekls
iestiprindjums. Viens paris su starpspuru dzelksnu, tie ir aptuveni divreiz 1saki par védera
spuru dzelkSniem. Astes spura gara, hipohordala daiva sika un trisstirveida; ir epikaudala
daiva, bet loti maza. Zvinas neornamentetas.

Suga Lodeacanthus gaujicus Upeniece, 1996

Diagnoze. Ka gintij.
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Promocijas darba veikts detalizéts sugas morfologisks apraksts, kas ietver: 1) galvu
un visceralo skeletu (zoklu kauli, cirkumorbitalie kauli, nazalie kauli, branhiostegalie stari,
zaunu loki, vaigu kauli, lapstinas kauls, ka arT smadzenu kapsulas fragmentu atliekas); 2)
spuru dzelkSnus un astes spuru; 3) zvinas un zvigojumu zonas.

Lodeacanthus gints salidzinajums ar radniecigam gintim

Lodeacanthus ir mezakantidu parstavji, kuriem ir raksturigs starpdzelksnu paris.
Spuru dzelks$ni nav iestiprinati muskulatlira. Zvinas sedz visu kermeni. Lodeacanthus gints
parstavji ir tuvak radniecigi gints Triazeugacanthus neka Mesacanthus gints parstavjiem.
Dazas 1pasibas ir lidzigas Triazeugacanthus (apaks€jais zoklis bez mandibulara kaula,
dzelkSnu garumu proporcijas), dazas Mesacanthus (dzelkSnu ornamentgjums, ir sika
epihordala daiva), bet branhiostegalie stari ir garaki un daudzskaitligaki neka gintij
Triazeugacanthus, bet ir 1saki neka gintij Mesacanthus. Gints Lodeacanthus parstavjiem ir
salidzino§i mazakas kermena zvinas neka gintij Triazeugacanthus, bet savukart ievérojami
liclakas neka gints Mesacanthus parstavjiem. Uz augs$gja Zzokla aizmugur€jas malas
Lodeacanthus parstavjiem ir neidentificetu siku kaulinu rinda.

Lodeacanthus atskiribas no Triazeugacanthus:
e Ir para nazalie kauli (gintij Triazeugacanthus — nepara kauls; gintij Mesacanthus — nav
zinams).
e Cirkumorbitalo kaulu ornament&jums (Lodeacanthus — koncentriski siki valnisi,
Triazeugacanthus — gluda virsma ar stkam bedrit€m).
Dzelksnu ornament&jums un ta skeérsgriezuma forma.
Epihordala daiva uz astes dorsalas puses.
Zvimam ir koniskas pamatnes (gintij Triazeugacanthus — plakanas).
Starpdzelksni ir divas reizes garaki neka gints Triazeugacanthus parstavjiem.

Lodeacanthus at§kiribas no Mesacanthus:
e Lodeacanthus gintij katrs zoklis parkaulojas no viena centra (Mesacanthus gintij
parkaulojas no diviem centriem, Triazeugacanthus gintij — nav zinams).
e Lodeacanthus gintij nav mandibulara kaula.
e Lodeacanthus gintij nav papildus zaunu vaku.
e Lodeacanthus gintij aug$&jais zoklis ir ar atvérumu (7riazeugacanthus gintij — nav
zinams).
Lodeacanthus gints atSkiras no abam radniecigajam gintim Triazeugacanthus un
Mesacanthus péc dermalo kaulu rindas klatbatnes vaigu regiona, péc para nazaliem kauliem,
ka arT zvinojuma uz kriiSu spuras pamatnes.
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5.2. Lodeacanthus gaujicus ontogenétiska attistiba

Zvinojuma attistiba

Ir zinamas visas Lodeacanthus gaujicus ontogenétiskas attistibas stadijas, sakot ar
tadiem eksemplariem, kuriem zvinojums v€l nav bijis sacis veidoties vispar, [idz tadiem, kuru
kermeni jau ir pilnigi bijusi klati ar zvinojumu. No visam atrastajam akantodém aptuveni viena
ceturta dala ir bijusas juvenilas formas ar dazadas stadijas nepilnigi attistitu zvinojumu vai art
vispar bez zvinojuma (Upeniece, 2001b, 2011). Zvinojuma nesegtas dalas juvenilajam formam
ir bijusas klatas ar adu, kuras pigment&jums ir saglabajies fosila veida. Akantozu mazuliem
vietam tika konstatéts juvenilais zvinojums, kas morfologiski atSkirigs no pieauguso Ipatnu
zvinojuma. To veido zvinas ar izteikti ieliektu pamatni. Tadas nav zinamas nevienai citai
akantodei.

Zvinojuma attistiba, tapat ka citam zinamajam akantodém, notiek virziena no astes
uz galvu. Muguras pus€ zvinojums attistijies nedaudz atrak. Pieaugusam akantodém ar pilnigi
attistitu zvinojumu tika nodalitas seSas zvinojuma zonas.

Saistiba ar zvinojuma attistibas gaitu tika izdalitas tris ontogenétiskas attistibas
stadijas.

1. stadija — bez zvinojuma seguma

Kermeni segusi tikai ada; galvu iezimé tikai acu pigment&ums, ka arl dazi
branhiostegalie stari. Visi dzelkSni un lapstinas kauls ir labi parkaulojusies. Teoré&tiski
kermena garums vargja sasniegt aptuveni 8§ mm.

2. stadija — nepilnigi attistits zvinojums
Sim atfistibas posmam ir izdalitas 3 apaksstadijas.

a) Sakotn&jais zvinojums sasniedzis dorsalo un analo dzelksni; zvigojums sedz 37% no visa
kermena garuma. Saja stadija parkaulojusies vairaki galvas kauli: Getri vienada garuma
cirkumorbitalie kauli, para nazalie kauli, dazi vaigu kauli, ka art fosiliz€juSies smadzenu
kapsulas fragmenti. Aprékinatais kermena garums ir 13,6 mm.

b) Zvinojums izvietots uz saniem diagonali, mugurpusg tas sasniedzis védera spuras dzelkspa
Itmeni, védera pusé€ paliekot anala dzelks$pa [imeni. Zvinojums sedz 54% no visa kermena
garuma. Saja apaksstadija paradas sensoras sanu linijas pazimes. Teorétisko kermena
garumu nav iesp&jams novertet.

¢) Zvinojums izvietots uz saniem diagonali, mugurpusé tas sasniedzis kriiSu spuras dzelkSna
Iimeni. Zvinojums sedz 80-84% no visa kermena garuma. Uz galvas gar sensoro Iiniju
izveidojas divas specifisku zvigu rindas. Starp acu kauliem attistijies teséru klajums. Abas
galvas pus@s ir izveidojusies siku vaigu kaulinu rinda. Cirkumorbitalo kaulu skaits
palielingjies 1idz pieciem. Aiz védera spuras dzelkSpa ir saglabajies ar zvinojumu
nenosegts rajons. Kermena garums ir robezas no 20,6 [idz 23,0 mm.

3. stadija — ar pilnigi attistitu zvinojumu

Zvinojums nosedzis visu akantodes kermeni, notikusi zoklu kaulu un Zzaunu loku
parkaulosanas. So stadiju tiek piedavats nosaciti uzskatit vai nu par pusaugu vai ari par
picauguso Tpatnu stadiju, kaut arT akantozu augSana vél vargjusi turpinaties. Vaigu regionu klaj
palielinata izméra zvinas. Cirkumorbitalo kaulu skaits, domajams, palielindjies Iidz seSiem
kauliem. Uz kriiSu spuras pamatnes izveidojies siks zvinojums. Kermena garums ir robezas no
25,0 Iidz aptuveni 48,2 mm (teorétiski).
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Citu akantoZu mazuli ir zinami tikai no jaunakiem, - karbona un perma
nogulumiem: Acanthodes gracilis (Zajic, 2005), A. bronni, (Heidtke, 1990), A. bridgei,
Howittacanthus kentoni (Zidek, 1988) un A. lopatini (Obruchew, 1955; Beznosov, 2009).

Tapat ka gintij Lodeacanthus, zvinojums gints Acanthodes parstavjiem attistijies
virziena no astes uz galvu, tacu ne diagonali, bet gar jutigo sanu liniju (Upeniece, 2011a,b).
Lidzigi ka Acanthodes bridgei (Zidek, 1976), Lodeacanthus gints parstavjiem galvas
zvinojums attistijies tikai gar infraorbitalo sensoro Iiniju.

Skeleta elementu parkauloSanas seciba

Ontogenétisko stadiju pétijumu gaita bija iesp&ams izsekot kaulu parkaulo$anas
secibu. Pirmie parkaulojusies skeleta elementi ir bijusi: endoskeleta lapstinas kauls,
ekzoskeleta spuru dzelkSni un branhiostegalie stari (1. ontogenétiska stadija). Tad
parkaulojusies endoskeleta smadzenu kapsula un ekzoskeleta galvas kauli: cirkumorbitalie,
nazalie un vaigu kauli (2.a ontogenétiska apaksstadija). Péc tam parkaulojusas ekzoskeleta
teséras (2.c ontogenétiska apaksstadija). Ka pedgjie ir parkaulojusies endoskeleta zoklu kauli
un Zaunu loki (3. ontogenétiska stadija).
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Secinajumi

Sis promocijas darbs ir biitisks ieguldijums tadu agrino mugurkaulnieku, ka akantozu
un brunuzivju morfologijas, ontogenézes, paleoekologijas, tafonomijas un parazitologijas
petijumos. Pamatojoties uz autores ilglaicigu izrakumu rezultata Lodes malu atradné iegiito
fosilo materialu un jaunizveidoto ontogenétiskas attistibas izp&tes metodiku, tika noteikti
brunuzivju Asterolepis ornata un akantozu Lodeacanthus gaujicus agrinie ontogenétiskas
attistibas posmi. Tik agrina vecuma zivis morfologiski ir butiski atSkirigas no attiecigas sugas
picaugusajiem Ipatniem. Vélakajas attistibas stadijas tik kardinalas izmainas morfologija vairs
nav notikusas. Agrinas attistibas posmu izpéte lauj identificét ipatnu piederibu konkr&tam
taksonam jebkura vecuma stadija. Bez $ada p@tijuma vienas sugas dazada vecuma Ipatnus
varétu kltidaini aprakstit ka jaunas sugas, gints vai pat jaunas dzimtas parstavjus.

Lodes karjera iegiita fosila materiala tafonomiska analize lava papildinat [idzsingjos
prieksstatus par sedimentacijas vidi un par organismu apglabasanas apstakliem devona deltu
zona Lodes laikposma. Pétijumu laika tika butiski papildinats Lodes svitas faunas un floras
taksonomiskais sastavs, kas lava rekonstruét Lodes laikposma baribas kédes visos
paleockosistémas trofiskajos ITmenos, un Iidz ar to pirmo reizi paleoekologija tika izveidota
devona zemiidens deltu zonas organismu trofiska piramida. Tai skaita tika aprakstits senakais
zinamais zivju-plakantarpu parazitisko attiecibu gadijums paleontologiskaja hronika.

So pétijumu gaita iegiitie rezultati liecina, ka promocijas darba mérkis un uzdevumi
ir izpilditi. Petijumu rezultata iegiitie secinajumi ir tematiski iedaliti 4 grupas.

A. Zivju atlieku tafonomiskie p&tijumi Lodes malu atradné lava izdalit vismaz
septinus tafocenozu tipus saistiba ar iezu litologiskajiem tipiem un organismu atlieku
saglabasanas pakapi. Atkartoti izvertgjot ieprieks public€tos datus par zivju skeletu dazado
orientaciju (Lyarskaya, 1981), ka ar1 veicot jaunus $ada veida pétijumus, L. Larskas hipotéze
par pieauguSo brunuzivju masveida bojaeju skabekla trukuma apstaklos netika apstiprinata.
Savukart tika apstiprinata hipotéze (Kurss, 1986), saskana ar kuru zivju skeleti tikusi saskaloti
deltu nogazu ieplakas straumju darbibas rezultata. Tafonomiskie pé&tijumi zivju mazulu
oriktocenozg liecina, ka arT §1s zivju atliekas ir bijusas ieskalotas zemiidens deltu ieplakas.

Pamatojoties uz plasu un daudzveidigu zivju un bezmugurkaulnieku fosilo materialu,
pirmo reizi tika rekonstruéta devona deltu zonas paleobiocenozes iesp&jama trofiska struktura.
Organismu baroSanas veids tika noteikts morfofunkcionalas analizes rezultata, izp&tot to
skeletu morfologiju, formu, izm&rus, ka ari, veicot brunuzivju mazulu fosilizéta kunga satura
petijumus. Pétljumu rezultata Lodes laikposma paleobiocenoze tika noteikti galvenie zivju
barosanas veidi: plésgji, augedaji, bentofagi, plankton- un detritedaji.

Lodes laikposma baribas k&zu piramida tika nodaliti pieci galvenie trofiskie Iimeni,
kurus parstav dazadi organismi un baribas vielas: 1. Producenti — augu atlickas, alges,
organiskais detrits un fitoplanktons. 2. Primarie konsumenti — bentiskie organismi, bentofagi
un zooplanktons. 3. Sekundarie konsumenti — medijamas zivis. 4. Sikas plés¢jzivis. 5. Lielas
plésgjzivis.

So trofisko piramidu papildina parazitisms, kas konstatéts gan tikai uz primarajiem
konsumentiem, bet, domajams, ka paraziti bija izplatiti ar1 sekundarajos konsumentos, ka ar1
stkajas un lielajas ples€jzivis. Tada gadijuma trofiska piramida noslédzas ar zivju parazitiem.

Deltu zona, domajams, bijusi ideala narstoSanas vieta. To noteica upju sanestais
detritiskais un augu materials, kas nodro§inaja baribas bazi sikiem bezmugurkaulniekiem, kas,
savukart, kalpoja par baribu zivju mazuliem. Attiecigi zivju mazulu klatbiitne Sajos rajonos
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pievilinaja dazadas plésg€jzivis. Bet zivju samera lielais blivums radija idealus apstaklus zivju
parazitiem.

B. Brunuzivju mazulu morfologiskie p&tijumi liecina, ka tie atSkiras no pieaugusajam
zivim ne tikai péc izmériem un kermena dalu proporcijam, bet art péc atsevisku brunu platnpu
formas, to proporcijam, histologiskas struktiiras, zvinu uzbtives, ornamentéjuma, ka ari péc
lielaka brunu platpu skaita, kas pieauguSiem ipatniem ir sava starpa saaugusSas. Dazadu
attistibas stadiju mazulu detalizéts salidzinajums ar pieauguSajiem Ipatpiem pierada, ka,
neskatoties uz iepriek§ minétajam biitiskajam morfologiskajam atskiribam, mazuli pieder pie
tas pasas Asterolepis ornata sugas.

Pétijumu gaita tika noskaidrotas tikai mazuliem raksturigas 1pasibas, kas lava izsekot
kermena brunu attistibas secibu. Tika izdalitas piecas agrinas ontogenétiskas attistibas stadijas.
Katru no tam raksturo savs kvantitativo un kvalitativo Ipasibu kopums, sakot ar mazuliem,
kuriem kermena brunu platnes un zvinojums tikko ir sakusi veidoties un atseviSkas kermena
dalas ar brunpu platn€ém vél nav bijusas klatas, lidz lielakiem brunuzivju mazuliem, kuri
morfologiski jau Iidzinas pieaugusiem ipatpiem. Spriezot péc jaunu kvalitativu TpaSibu
paradiSanas kermena augSanas Tsa perioda, tika konstatéts, ka kermena brunu platnu attistibas
atrums bijis Tpasi straujs tiesi agrinajas attistibas stadijas.

Visas kermena attistibas stadijas uzrada nozimigu alometrisko augSanu agrinas
ontogenézes laika. Brunu platnu ornament&jums pakapeniski nomainas individa augsanas laika
Sada seciba: gluda virsma, neregulars smalks tiklojums, neregulars Stunveida tiklojums,
Stunveida tiklojums ar radialiem valniSiem, radiali izkartoti siki paugurini, siks paugurinu
(tuberkulars) ornament&jums. Vispirms ornament€jums attistijas uz galvas centralas dalas
kauliem un rumpja platgu dorsalas puses. Juvenilo ornament&jumu konstatacija dazadas brugu
platnu attistibas stadijas dod iesp&ju nakotn€ izvairities no jaunu taksonu piedévésanas zivju
atlieku fragmentiem ar minéto juveniliem patpiem raksturigo ornamentgjumu.

Brunuzivju mazulu agrinajam attistibas stadijam ir raksturiga labi attistita valniSu
sist€tma uz kermena brunu platném. Ornament&jums sakotngji sacis attistities uz valniSiem, pec
tam izpleSoties uz pargjas brunu platnes virsmas. Lielakajiem mazuliem, attistoties brunu
platnu trisslanu struktiirai, valnisu sistéma pakapeniski izzad.

Bruguzivju mazuliem un pieauguSiem individiem ir biitiskas atSkiribas brunu platgu
Suvju (kaulu savienojumu) veida. Zobigveida Suve ir viena no bitiskakajam juvenilajam
pazimém Asterolepis mazuliem un, iesp&ams, ari radniecigdm antiarhu gintim. P&tot
pieauguso brunuzivju kermenu sadaliSanas secibu, tika konstatéts, ka sada veida Suve ir
izturigaka par parklajoso Suvi. Mazuliem ir nedaudz atSkiriga skeletu sadaliSanas seciba.
Domajams, ka to noteikuSas tadas augSanas Ipatnibas agrinajas attistibas stadijas ka ar brunu
platn€m nenosegtie laukumi védera un sanu sienas.

Brunuzivju mazulu morfologija tika novérotas dazas to sen¢iem raksturigas ipasibas.
Piem@ram, mazulu zvinas morfologiski lidzinas dazu primitivo brunuzivju un pat bezZoklenu
zvinu uzbiivei. Uz mazula zvinu primitivo uzbiivi norada pulparais atvérums zvinas iekSpuse.
Mazuliem tika konstatétas atseviSkas brunu platnes (PDL un PL, Cds un Mls), kas
pieaugusajiem un pusaugu Ipatpiem ir saaugusas kopa (MxL, T). Tas norada, ka So zivju
sen¢iem minétas platnes bijusas savrupas un to saaugSana notikusi filogenézes gaita.

C. Akantodes Lodeacanthus gaujicus ir vislabak patreiz zinamas devona akantodes.
Lodeacanthus gints (Mesacanthidae) pastavji ir neliela izméra zivis, kuru lielakie individi,
domajams, ir bijusi jau pieaugusi Tpatni. P&tot $is gints ontogenctiskas attistibas secibu,
promocijas darba ir izdaliti pieci attistibas posmi. Akantod@s agrinaja attistibas stadija tika
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konstatétas zvinas ar ieliektu pamatniti. Sada veida zvinas citam akantodém nav zinamas, jo
tik maza izméra akantodes lidz Sim netika atrastas. PiecauguSo akantozu zvinojuma tika
nodalitas seSas zonas ar atSkirigiem zvinu veidiem, kas nakotn€ lautu izvairities no atSkirigu
zvinu veidu piedévéSanas dazadiem jauniem taksoniem.

Lodeacanthus ir tuvu radniecigs Triazeugacanthus gintij. STs gintis atskiras ar to, ka
Lodeacanthus parstavjiem ir para deguna kauli, daudzas sikas dermalas vaigu platnites, garaki
un daudzskaitligaki branhiostegalie stari, ir atSkiribas cirkumorbitalo kaulu un spuru dzelksnu
ornamentacija, ka arT atskiriga astes spuras morfologija.

Tadas Lodeacanthus gints Tpasibas ka dermalas vaigu platnites, para deguna kauli un
tas, ka krtiSu spuras pamatni klaj zvinpojums, ir raksturigas tikai Sai gintij. Radniecigajam
gintim Triazeugacanthus un Mesacanthus $adu TpaSibu nav.

Lodeacanthus gaujicus mazuli morfologiski atskiras no pieauguSajiem ipatpiem. Saja
pétijuma noskaidrotas $adas atSkiribas un izmainas: 1) zvipu morfologija un zvinojuma
attistiba; 2) deguna kaulu forma; 3) cirkumorbitalo kaulu pieaugo$aja skaita; 4) acu izméru
proporcija pret galvas izm@riem; 5) galvas proporcijas izmainas attieciba pret kermena
kopgarumu; 6) spuru dzelk$nu savstarp&jas proporcijas; 7) izmainas dzelk$nu morfologija; 8)
dzelk$nu Sk€rsgriezumu izmainas; 9) lapstinas kaula proporciju izmainas; 10) hipohordalas
daivas formas izmainas.

Lodeacanthus gints parstavjiem zvinojuma attistibas atrums ir lielaks neka citam
zinamajam akantodém. Zvinojuma attistiba ir nedaudz atSkiriga, salidzinot ar karbona un
perma akantodém Acanthodidae (Acanthodes). Savukart, kaulu parkauloSanas seciba visuma
ir lidziga ka Acanthodes gints parstavjiem: vispirms parkaulojas endoskeleta lapstinas kauls
un ekzoskeleta branhiostegalie stari, tad seko endokranija un galvas ekzoskeleta
cirkumorbitalo, deguna un vaigu regiona kaulu parkaulosanas. Zoklu kauli un Zaunu loki
parkaulojas tikai péc tam, kad kermena zvinojums jau ir izveidojies visa pilniba.

Spuru dzelkSnu garums ir zivs relativa vecuma vislabak raksturojoSais lielums,
salidzinot ar kermena kopgarumu, kuru vairak ietekm@jusi sedimentacijas un fosilizacijas
apstakl]i.

D. Brupuzivju mazulos un akantod@s atrastie tiem morfologiski nepiederosi,
domajams, hitina elementi tika identificéti ka parazitisku organismu atliekas. Sos elementus
veido dazada izméra un formas siku kasiSu grupas, kas izkartotas radiali vai paraléli. Tika
veikts So fosilo atliecku morfologisks salidzinajums ar musdienu parazitisko tarpu hitina
elementiem un konstatéts, ka tie lidzinas divu atSkirigu tarpu tipu — plakantarpu
Platyhelminthes un dzelkSngalvju Acanthocephala parstavju piestiprinasanas organiem.
Saskana ar parazitologa Levelina hipotézi par parazitisko plakantarpu filogenézi senajas zivis,
Sts parazitisko tarpu atliekas varétu parstavet plakantarpu Monogenea grupas sencus, ko
apstiprina ar1 kasiSu maksimalais skaits — 16, kas raksturigs primitivajiem monogeneju tarpiem
(Boeger, Kritsky, 1993).

Specifiskas kasiSu lokalizacijas vietas brunuzivju un akantozu mazulos norada uz
parazitisko tarpu iesp&amo dzives veidu, — tie vartu but bijusi gan ektoparaziti, gan
endoparaziti. Tika konstatts, ka maza izméra akantod€s ir maza izméra kasisi, bet lielako
izmeru akantod@s — lielakie kasisi. Tas varétu liecinat, ka paraziti parsvara attistijas viena
saimnieka. Savukart parazitisko tarpu pieauguso formu atradumi vézveidigo Mysidacea
parstavjos liek domat, ka skeltkajvezisi kalpojusi ka parazitisko tarpu parnésataji.

Nemot veéra, ka gandriz puse no visam atrastajam akantodém bijuSas inficétas ar
parazitiskajiem tarpiem, tas liek domat, ka Lodes laikposma deltas rajona parazitisms jau bijis
plasi izplatits. Brunuzivju mazulos un akantod@s aprakstitas parazitisko tarpu fosilas atliekas ir
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senakie Iidz §im zinamie zivju parazitu atradumi paleontologiskaja hronika, kas ir ari senaka
zinama saimnieku-parazitu organismu asociacija mugurkaulniekos, kas ir zinama p&c 1stajam
fosilijam.
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Introduction

This study is based on the extensive collection of various fossils, collected by the
author during long-term excavations (1988-1998, 2001) in the Lode clay quarry, Latvia.
Outstanding preservation, diversity and abundance of fossils, and the presence of
representatives of different trophic levels make the Lode clay quarry an outstanding fossil site
among the other famous Devonian vertebrate bearing localities in the world (Cloutier,
Lelievre, 1998). Particularly unique are finds of juvenile fishes and their parasitic helminthes,
which were not known previously in the fossil record.

Excellent preservation of both adult and juvenile fish individuals representing two
extinct classes Placodermi (armoured fishes) and Acanthodii (spiny fishes) are of particular
importance providing possibilities to determine the developmental patterns and sequence of
certain growth stages. Tiny fishes from Lode site represent the first record of juveniles of
placoderm fish genus Asterolepis (Upeniece, Upenieks, 1992), and are among the smallest and
the best preserved antiarch (Vertebrata, Placodermi, Euantiarcha) juvenile individuals ever
recorded in the fossil record. A full sequence of growth stages, ranging from the smallest
fishes with just ossified dermal armour to advanced juveniles with well ossified bones is
presented in the sampled material.

The comparison of Asterolepis young individuals with the adult ones was possible
based on long-term investigations of morphology of adult Asterolepis ornata (Eichwald,
1840a,b; Pander, 1857; Stensio, 1931; Gross, 1931, 1933; Karatajtte-Talimaa, 1957, 1958b,
1963). A new stage of investigations started when the well-known Latvian geologist, prof. V.
Kurss discovered the whole-bodied adult individuals of Asterolepis ornata in Lode quarry in
1970 (Kurss, Lyarskaya, 1973; Lyarskaya, 1977, 1981; Ivanov, LukSevics, Upeniece, 1996;
Luksevics, 2001). Asterolepis has also been intensively studied for correlation and assessing
the age of rock sequences in E-European platform (Gross, 1942; Karatajite, 1958a, 1963) and
in E-Greenland (Marshall, Astin, 1996).

The ontogeny of antiarchs has been studied insufficiently. Stensio (1948) presented
and described some developmental characters of advanced juveniles and subadult individuals
of Bothriolepis canadensis. Werdelin and Long (1986) described allometric patterns of growth
and relationships of various characters for B. canadensis. The lack of studies concerning this
problem can be explained chiefly by the great scarcity of the material with very low potential
to be fossilized.

The growth series of Devonian acanthodians are represented by the mesacanthid
Lodeacanthus gaujicus (Upeniece, 1996). The other described acanthodian juvenile
individuals come from the younger, Carboniferous and Permian deposits (Obruchew, 1955;
Zidek, 1988; Heidtke, 1990, Zajic, 2005, Beznosov, 2009).

Topicality and scientific novelty of the study

Lode fossil assemblage contains the remains of organisms representing different trophic
levels within the palaeoecosystem of the past, what allowed reconstructing food chains in all
trophic levels of the respective palacobiocenosis. Trophic relations within the food chains
characteristic for the deltaic region in the Devonian were traced for the first time. The result of
this study demonstrate that the Lode taphocoenosis reflects more diversified food chains in the
Devonian in comparison with those which were reported previously (for the Eifelian: Mark-
Kurik, 1995; for the Famennian: Lebedev, 1992; Luksevics, 1992).

38



Outstanding preservation of both juvenile and adult fish individuals of antiarch
placoderms and acanthodians is of particular importance allowing ascertaining the
developmental patterns and sequence of the ontogenetic stages. Several ontogenetic stages
have been described for the placoderm Asterolepis ornata Eichwald sensu Agassiz and
acanthodian Lodeacanthus gaujicus Upeniece for the first time. Clear distinction and complete
description of several growth stages provided during this study are especially significant to
avoid misinterpretation of particular specimens belonging to the certain growth stage or
different scales of acanthodians as the new taxa in the future.

The discovery of the Devonian parasitic worm remains within the young fish bodies for
the first time in the fossil record (Upeniece, 1998, 2001; Poinar, 2003) confirmed the
hypothesis (Llewellyn, 1982) on phylogeny of parasitic flatworms in fishes. Such
palaeontological evidences as hook systems in placoderm and acanthodian fish young bodies,
which have been discovered and tentatively described in the course of this study, proof it. The
remains belong to the eldest known fish parasites, as well as represent the eldest vertebrate
host-parasitic associations known so far.

The aim of the research is to study palacoecological conditions in the submarine
part of the Devonian delta and to carry out the detailed investigation of the early stages of
ontogenetic development of placoderm fish Asterolepis ornata and acanthodian fish
Lodeacanthus gaujicus.

The following main tasks have been set for achieving the aim:

1) Taphonomical research of the Lode fossil assemblage to establish the
palaeoenvironment of burial of the organism remains.

2) Reconstructing the feeding chains and the trophic pyramid within the
palaeobiocoenosis of the Lode time.

3) Study of the morphology of juvenile individuals of antiarch placoderms Asterolepis
ornata and of juveniles and adults of acanthodians Lodeacanthus gaujicus in details.

4) Developing the research methodology of developmental stages in early ontogeny of the
antiarch placoderms and acanthodians; implementation of these research methods to
elaborate the sequence of ontogenetic stages and developmental patterns of antiarch
placoderms and acanthodians.

5) Study of the parasitic helminth remains from placoderm and acanthodian fishes.

The main theses

1. Morphological and functional analysis of various taxa of animals and plants allow
reconstruction of the possible food chains and different trophic levels of the
palaeobiocenosis existed in the area of the Devonian delta during the Lode time.

2. Based on the morphological study of the placoderm juvenile fishes from Lode, analyzing
changes of the shape, proportions, histological structure and ornamentation of plates of the
head-shield, trunk armour and pectoral fins, as well as squamation, it is possible to clarify
the “juvenile” features, as well as to confirm the belonging of juvenile fishes to antiarch
Asterolepis ornata Eichwald sensu Agassiz. Special characters of immaturity are defined
for each of the five early growth stages, based on the distinction of the “juvenile” features.
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3. Study of the scale morphology, extent of the scale covering, shape and proportions of
various bones and parts of the body, and sequence of ossification allow to establish the
sequence of ontogenetic growth stages of acanthodian Lodeacanthus gaujicus Upeniece.
The length of the fin spines may serve as the best indicator of the age of the adult
acanthodian Lodeacanthus.

4. The studied hooks and hook systems found within the juvenile fish bodies, judging from the
morphology and location, as well as comparing with recent animals possessing similar
structures, are remains of ancient parasitic helminthes.

Approbation of the results. The results of the research have been reflected in 16
scientific publications (13 in English, 3 in Latvian), published in the scientifically cited issues.
The main results of the research have been approbated in 30 presentations at 17 international
scientific conferences, symposia and congresses, and at 11 local scientific conferences at the
University of Latvia.

1. Geological background and biostratigraphy of the Lode Formation

The Lode Formation corresponds to the upper part of the Gauja Regional Stage and is
characteristic for peculiar slump and dislocation structures on the submarine delta slopes. The
Lode Formation mainly consists of siltstones, as well as with large lenses of finely dispersed
clays. Clayey mud has accumulated in the slump and local bottom depressions on the
submarine delta slopes within the marine-deltaic sandstones of the Sietini Formation (Kurss,
1975, 1992a). These depressions served as local basins for ‘fish sedimentation’ (Kurss,
Lyarskaya, 1973). Rapid entombment in the fine mud protected the delicate organisms from
decay and disintegration, and in turn, the finely grained sediments resulted to a high-extent of
fossilization. The deposits of the Lode Formation are preserved for a distance of 160 km along
the palaeoslope of the Euroamerican Devonian continent (Kurss, 1992b) extending from the
Northern part of Latvia (C&sis town) to the S-E part of Estonia, and disappear to the West of
the Pskov District in Russia. Lode (Liepa) quarry is the type locality of the Lode Formation.

The genesis of the Gauja Regional stage was discussed in Pontén, Plink-Bjorklund
(2007) as well: deposition occurred in a subaqueous to sub-aerial tide-influenced delta plain
and front. Deformations are interpreted even of tectonic origin. The author of the promotion
work accede with point of view of Prof. V.Kurss (1992a).

The faunal and floral list of the Lode Formation now includes almost all major taxa
of wvertebrates lived during the Devonian: agnathans, placoderms, acanthodians,
sarcopterygians and actinopterygians, with at least 15 species and 13 genera. Six new fish taxa
(5 species and 1 genus) have been discovered during the last years (Upeniece, 2001b). Fish
juveniles represent placoderms, acanthodians, sarcopterygians and, possibly, actinopterygians
as well. In addition there are at least five major invertebrate groups, including fish parasites,
crustaceans, merostomates, as well as several taxa of plant macro- and microremains.

Comparison of the Gauja Regional Stage vertebrates with those from the Upper
Givetian and lowermost Frasnian formations of the Main Devonian Field, lowermost/Middle
Frasnian of Miguasha and the Upper Givetian/lower Frasnian of Scotland and Timan
correspondingly to the placoderm zonation of the Main Devonian Field was made. The fish
fauna of the Gauja RS is more similar to the Frasnian faunal assemblages of the Main
Devonian Field, Timan, Scotland, and of Miguasha, than to faunas of the late Givetian age.
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Presumably, the Gauja RS is of lower Frasnian age. Nevertheless, the Middle/Late Devonian
boundary problem exists for the whole Baltic region. It has been proposed to assign the Gauja
RS to the upper Middle Devonian (Ivanov, 1993; Mark-Kurik et al. 1999; Esin et al. 2000;
Pontén, Plink-Bjorklund, 2007; Marschall et al., 2008).

2. Material and methods

This study is based upon collection of fossils during the long-term excavations of the
field seasons of 1988-1998 and 2001, elaborated by the author in the Lode clay pit at Liepa in
the Northern Latvia, where the Upper Devonian, Lower Frasnian Lode Formation is accessible
for studies. During the fieldwork the taphonomical data were obtained and an extensive
collection of fossil remains belonging to various taxa of animals and plants has been gathered.
The detailed, 12 m high geologic section of the Lode Formation including the “juvenile fish’
clay bed was constructed and supplemented for all taxa which have been found during several
years. Additionally hand-drilling method was used to reach the deposits of the Sietini Fm.
below the ‘juvenile fish’ bed.

Examined fish and invertebrate material

The material examined includes an extensive collection of number of specimens of
various taxa. The majority of fossil material comes from the 66 m wide so-called ‘juvenile
fish® clay lens interbedded within the medium-coarse sandstones. The Lode fossil assemblage
consists of the well-preserved vertebrate, invertebrate and plant remains representing
organisms from different habitats.

The vertebrate collection includes various and almost all major Devonian fish taxa:
placoderms, acanthodians, sarcopterygians, and actinopterygians. Most finds represent fish of
small size and young individuals of the both extinct fish classes: placoderms and acanthodians.

The collection of more than 300 specimens of articulated and disarticulated young
individuals of excellently preserved placoderm antiarch Asterolepis ornata Eichwald sensu
Agassiz, 1840 represents the individuals at varying stages of growth, ranging from recently
ossified dermal armour to advanced juveniles; the collection No LDM 260 (Natural History
Museum of Latvia, Riga). All specimens are of small size and supposedly belong to juveniles
with the length of the dermal armour comprising about 1 to 4 cm. Disarticulated individuals,
scattered skeletal parts and separate plates are more useful for investigations, due to the
obscured overlapping areas of the plates in articulated individuals. Over than 200 separate
armour plates were also collected; most of them are well preserved and complete enough to be
measured with sufficient accuracy. Almost all the dermal bones presented in the antiarch
skeleton have been found among the material.

Adult individuals of Asterolepis ornata are well represented by many articulated
specimens from the Lode quarry, collected by L. Lyarskaya in 1970-ies, but disarticulated
complete armour plates, necessary for comparison with juveniles, were rarely collected there.
Extensive material of articulated adult individuals stored in the Natural History Museum of
Latvia (collections No LDM 43 and LDM 55) was examined and measured for comparison
purposes.
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The collection No LDM 270 consisting of more than 60 individuals of excellently
preserved acanthodians Lodeacanthus gaujicus Upeniece, 1996 from the Lode quarry
represents articulated and disarticulated juvenile and adult individuals of small size,
comprising about 0.8 - 4 cm in total length. The longest individual presumably represents the
adult form.

The comparative studies on the related antiarch placoderm or acanthodian material,
respectively, have been done at the Swedish Museum of Natural History in Stockholm; at the
Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences,
Beijing; at the American Museum of Natural History in New York and at the Field Museum of
Natural History in Chicago.

The invertebrate collection includes countless representatives of various taxa of the
well-preserved crustaceans: mysidaceans and conchostracans, as well as small amount of
ostracods. Eurypterids occur only as fragmental material. Particularly significant are 77
specimens of parasitic helminth remains within the 43 juvenile fish bodies of the above
mentioned placoderms and acanthodians.

Methods of morphological research

Preparation of fish fossils has been limited only to mechanical work with very sharp
steel needle under the binocular microscope due to softness of clay and fragility of the bone.
Measurements of the dermal armour plates of the head shield, trunk armour and pectoral fins
of placoderm juvenile individuals were made in accordance with the system offered by
Karatajiite-Talimaa (1963), modified by Werdelin, Long (1986) with some additions for
juvenile characters of individuals. Ratios were calculated for studies of allometry.
Measurements of placoderm juveniles were taken to the nearest 0.05 mm using the ruler of
binocular, of adults - with Vernier caliper to the nearest 0.5 mm.

The measurements of body parts and fin spines of acanthodians were made in
accordance with the system, proposed by Zidek (1976). All dimensions regarding the length of
the acanthodian body are estimated due to that the scale covering must have been easily
undergone deformation.

Terminology used herein for placoderms follows Stensid (1948) with some slight
alterations suggested by Miles (1968), and some additions by Young (1983, 1988), Young,
Gorter (1981) and Janvier (1996). It also adopts homologies proposed by Young (1984 b) for
cheek and jaw plates. Several new terms are introduced for structures not previously described
in antiarchs: additional ridges on the head-shield, lateral and ventral wall armour plates (latter
in: Upeniece, Upenieks, 1992, fig. 3.A); they are explained in the text and figures.
Terminology used for acanthodians follows Watson (1937), Denison (1976) and Zidek (1976).

Morphological research of previously unknown juvenile individuals of antiarch
placoderms Asterolepis ornata, as well as juvenile and adult individuals of acanthodian
Lodeacanthus gaujicus has been done. The development of armour plates and squamation was
studied in details.

The methodology of research of the early ontogeny was developed. Quantitatively
and qualitatively changeable features characterizing the ontogenetic development of fishes
were determined. The determination of the qualitatively changeable characters is based on the
quantitatively changeable characters. Consequently the developmental stages of the juveniles
of placoderms and acanthodians were proposed. Morphological features characterizing each
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developmental stage are reliable characters for distinguishing the developmental sequence of
the dermal armour or the squamation of the same species, thus preventing the description of
new taxa based on each ontogenetic stage or other misinterpretations in the future.

The qualitatively changing characters developed remarkably rapidly to compare with
the quantitatively changing characters: individuals belonging to the subsequent ontogenetic
stages exhibit very weak differences in their total length. Such methodology is not useable in
the later stages of the ontogenetic development due to no more appearance of the qualitatively
changing characters.

Different zones of the scale covering have been described for acanthodians.
Acanthodian scales were measured, drawn and described as it is accepted for morphological
studies of these fishes (Upeniece, Beznosov, 2002).

Methods of taphonomical research and palaeoecological reconstructions

Taphonomical studies included evaluation of preservation state, modes of
preservation, spatial distribution, orientation and disarticulation of organism remains. Besides,
the correlation between the state of preservation and lithologic type of the sediments was
established, thus several types of taphocoenoses were determined and distinguished. The
research of the sequence of disintegration of fish bodies significantly added for understanding
of the palaeoenvironment of burial in the Devonian deltaic region. Actuopalaeontological
method was used for comprehending the different preservation state of fossils in the same
taphocoenoses.

Morphofunctional analysis of the organisms from the Lode assemblage indicates the
lifestyle and habitat of various taxa, allowing reconstruction of the food chains existed during
the Lode time. The actuopalaecontological method was used also establishing the food web and
trophic levels in ecosystems of the Lode time: producers, primary and secondary consumers,
and predators were determined substantiated on the comparison to those in modern trophic
pyramids. The habitats of extinct fishes such as placoderms were additionally determined
based on the investigations of the thin sections of the stomach content. The quantitative
analysis of the exact number of fish individuals from various taxa confirmed their designation
to different trophic levels. Number of fishes infested by parasitic helminthes belonging to the
two yet undescribed taxa has been counted to evaluate the degree of invasion.
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3. Palaeoecology and fish taphonomy of the Lode fossil site
3.1. Distribution of fossils in the ”juvenile fish” lens

The juvenile fish” clay lens of the Lode (Liepa) clay pit represents a clay-filled 66
m wide slump depression, which has yielded unique fossil assemblage containing complete
skeletons of juvenile fish individuals, as well as diverse invertebrates and plants (Upeniece,
Upenieks, 1992; Upeniece, 1995, 1996, 1999, 2000, 2001b). The lens consists of dense, finely
dispersed, dark grey clay laminites rich in organic matter. This lens now is under protection as
one of the Geological and Geomorphological Nature Monuments of Latvia (MK, 2001;
Stinkulis, 2003), suggested by the author (Latvijas Universitate, 1991).

VERTEBRATES

Vertebrates are represented in this lens by juvenile and adult fish mostly of small size
(0.8 - 4 cm). Extremely well-preserved complete skeletons of juvenile individuals of four taxa
occur in the lens: Asterolepis ornata, Lodeacanthus gaujicus, Strunius sp. nov., and Latvius
sp. nov. (Upeniece, 1996). The undisturbed scale-cover is preserved in many cases. Seldom
fragmentary remains of Cheirolepis sp. and Coelacanthidae gen.et sp. indet. are observed. The
good preservation of both adult and juvenile specimens of the first three mentioned species
provides information on the sequence of certain growth stages.

Several adult specimens of Asterolepis ornata (without caudal parts) occur at some
levels of this lens, but separately from the juvenile fish findings; the length of the dermal
armour of adults comprise 30-35 cm. All are poorly preserved as three-dimensional carcasses
of powdery composition due to almost complete leaching and low level of mineralization,
although ornamentation of the bones is excellently preserved. An adult specimen of
Laccognathus panderi with total length of the body at least 1.65 m was exposed in the lower
part of the lens near the margin of the depression.

INVERTEBRATES

Parasitic worms. Parasitic platyhelminth remains recorded in the juvenile fish
bodies from Lode, Latvia represent the oldest fossil record of fish parasites (Poinar, 2003,
Table 1), as well as the oldest parasitic association ever found (Boucot 1990, Tables 4,6,7,9).
Circlets of fossil hooks were found in 16 juveniles of Asterolepis ornata and in 27 specimens
of Lodeacanthus gaujicus during study of morphology. The length of the hooks is 0.02-0.40
mm. They are located in the gill regions, near the fin spines, and in the abdominal region of
acanthodians. The hooks must be remnants of parasitic organisms due to their specific location
and occurrences in different fishes (Upeniece, 1999 a,b,c). That specific location indicates
they presumable belonging to representatives of ectoparasites and endoparasites. Altogether
the remains of 77 parasitic worms were found.

No fossilised soft body parts were found, except traces of the disc outline. Diagnostic
soft parts of parasitic helminthes are absent. Recent parasites possessing such hooks are
known within the two phyla Platyhelminthes and Acathocephala; hooks are used as the
attachment organ to the host. No fossil parasitic Platyhelminthes have ever been described
(Conway, 1981; Grey, 1988).
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The discovery of parasitic remains in Devonian fish fossils confirmed the hypothesis
of Llewellyn (1982) on phylogeny of parasitic flatworms in fishes. These remains could have
represented ancestors of flatworms Monogenea. The maximum number of the hooks 16
evidenced that. It is characteristic to primitive monogeneans (Boeger, Kritsky, 1993). The
fossil record of fish parasites is rather poor, with one record in the Palaeozoic, and one in the
Mesozoic.

Crustaceans. Thousands of well-preserved crustaceans belonging to the order
Mysidacea (class Malacostraca, subclass Eumalacostraca, superorder Peracarida) where found
in this lens, representing the richest accumulations of eumalacostracans in the Devonian. The
Eumalacostraca are known from seven Devonian localities from Euramerica, five of them
from Europe (Schram, 1977). Devonian malacostracan material is rare and usually poorly
preserved (Schram, 1980).

Complete specimens with eyes, uropods and two pairs of antennae are preserved in the
material from Lode (Upenieks, 1990; Upeniece, 2001, P1. 2, Fig. 1). In some cases the
stomach and intestine content occurs as a brown powdery mass with carbonised remains. Most
mysidaceans are 1 cm long with well developed chitin carapaces. Two accumulation levels of
mysidaceans exhibit the nearly translucent chitin. Presumably, it might have been the result of
moulting. The mysidaceans must have served as fish food.

Conchostracans are common fossils found together with the alga Platyphyllum sp.
Shells are translucent; usually both valves are preserved, and their length is up to lcm. Some
conchostracans are identified as Pseudestheria sp. by their concentric growth lines and
characteristic reticular microornamentation between lines. At least three new taxa of
conchostracans may be present in the material.

Ostracods are preserved only as moulds of 0.3-1.3 mm in length. They are oval and
smooth and no specific morphological features can be observed. Commonly the moulds of
both valves are present; sometimes they are in open position. Their shell might have been a
very thin structure, therefore no preserved during the fossilization process.

Many crustacean remains are undeterminable.

Eurypterids. Eurypterids (Merostomata) occur only as fragmental material, but are
readily identified by their specific semilunar ornamentation on the segments. The carbonate
material is completely leached, and only chitin is preserved. These are the first finds of
eurypterids in the Gauja Regional Stage, and they belong to a new taxon. Both adult and
juvenile specimens are recorded. The adults are estimated to be about Im in length, exceeding
those found in the deposits of the Salaspils and Plavinas regional stages of the lower Frasnian,
Latvia.

PROBLEMATIC REMAINS

Problematic soft-bodied and phosphatic remains are common. Unfortunately, it is
not possible to identify their taxonomic position (Upeniece, 2001b, PI. 1, Fig. 5). Several egg-
like structures (ibid, P1. 2, Fig. 2-5) could belong to invertebrates, judging by their small size.
Separate “eggs’’ also are collected; they reveal the peculiar pit on the surface (blastula?).

Clay ”bubbles” are abundant throughout the clay lens. They are interpreted to have
originated due to decomposition gases enclosed in the sediment around decaying soft-bodied
organisms. These resulted in concentric circles above and below the assumed organisms or
their remains (Upeniece, 2001b, P1.3, Fig. 4). Evidence supporting this is the fact that many
bubbles contain coprolites of various sizes. As the organic part of the coprolite decayed, gas

45



was formed, and a bubble-like clay structure was produced. The linear-shaped coprolites
produce clay ‘’bubbles’’ of oval shape.

COPROFOSSILS

Coprolites. Coprolites are exceedingly abundant throughout the section. They vary in
shape and in structure, and are derived from both carnivores and herbivores. Coprolites of
herbivorous animals contain carbonised plant fragments. Several scroll coprolites (Upeniece,
2001, P1. 3, Fig. 7, 8) contain bony material, acanthodian scales and spines, and small scales of
sarcopterygians (Latvius sp. nov., Strunius sp. nov.). The material is present both on the
surface and in the interior of the coprolites. Some coprolites contain twisted parts of
acanthodian bodies.

PLANTS

Plants in the “juvenile fish” lens are well represented by inflowed fragmental material of
terrestrial Progymnospermopsida: Svalbardia polymorpha Heeg and Archaeopteris fissilis
Schmalhausen. Svalbardia and Archaeopteris could be synonyms (Meyen, 1987, p.136).
Aquatic plants are represented by possible algae Platyphyllum sp. Two finds of Charophyta
gen. et sp. indet. with left coil could belong to Charales (Upeniece, 2001, Pl. 4, Fig.6). An
oogonium of the charophyte Trochiliscus sp. has been found in the stomach content of an A.
ornata juvenile during the preparation of thin sections.

3.2. Fish taphonomy

Fish taphonomy may contribute information about the depositional environment,
paleocommunity, mortality and preservation. Rather extensive material of placoderm
Asterolepis ornata remains together with sedimentological and taphonomical features allows
study of the sequence of body disintegration and understanding of the influence of
palaeoecological factors on the formation of several types of taphocenoses (Upeniece, 1991,
Kurss et al. 1999).

There is an orderly sequence of decomposition degrees from essentially perfect
articulation to total disarticulation, established during several excavations of Asterolepis
ornata fish-bearing beds in the Lode clay quarry. The researched tanathocoenosis must have
contained both: articulated, unfloated skeletons (indicated by removed AMD), and
disarticulated, previously floated ones (Upeniece, 1999d). The displacement of plates and
squamous parts might be influenced by weak bottom currents to give the Asterolepis skeletons
a slight tendency toward a submeridional orientation. The rate of the loss of body parts from
floating carcasses and the state of preservation depending on hydrodynamic activity correlate
with the lithology of clastic sediments. The decomposition degree also correlates with the
latter.
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Discussion on fish taphonomy

The early hypothesis, that the Lode taphocoenosis was formed as a result of the
catastrophic mass mortality event, was based on their occurrences in the upper parts of the
rhythmic sequence of the sedimentation, in grey dispersed clay layers (Kurss, Lyarskaya 1973;
Lyarskaya 1981). It seemed that the mortality was caused by the change of the basin regime.
Later the cause was re-evaluated and attributed to a dependence on the hydrodynamic
conditions of sedimentation: in basin bottom deeps fish cadavers were accumulated as a result
of sorting of organic remains by weak currents. Towards from the center to the borders of
these depressions a great number of separate bones accumulated, which quickly decreased in
areas with smaller depth (Kurss, 1986, 1992 b, text-fig. 3).

The same conclusion was applied after the taphonomical research of juveniles of
Asterolepis ornata, found in the ”juvenile fish” lens (Upeniece, Upenieks 1992, text-fig. 1), as
well as on their adults, studying the sequence of the disintegration stages, mentioned above.
Obviously these fishes were not killed by one event, but represent accumulation of unfloated
cadavers and floated ones, as described above. Fish were accumulated in a local depression
(Kurss 1992 a, fig. 34) with some influence of weak submeridional currents (Fig. 3.3.). The
occurrence of fish juveniles together with large sarcopterygians scales might imply to similar
hydrodynamic flow.

The orientation of the specimens is various, it tend to be submeridional for
asterolepids, sublatitudinal for the lobe-finned fishes (Lyarskaya 1981, p.39; fig. 11). It seems
that such orientation must have been determined by the different size and heaviness of the
body in these distinct groups (Upeniece, 2001b): weak bottom currents rather easily
transported the cadavers of asterolepids in contradistinction to the big and heavy
sarcopterygians, which possibly were trundled over the bottom of the basin until buried and
resulted in a sublatitudinal orientation. In early Frasnian the clastic supply directions in the
East Baltic were submeridional.

3.3. Types of fossil fish taphocoenoses

The Devonian vertebrate localities of Latvia had been classified into four types by
Lyarskaya (1972a). Five types of taphocoenoses are divided and analysed in correlation with
lithological type of clastic sediments of the Lode Formation in the Lode quarry (Upeniece,
1991, 1999; Kurss et al., 1998, 1999). The sixth and the seventh types of taphocoenoses in the
Lode quarry correspond to the middle and coarse-grained sandstones of the Gauja Regional
Stage.

3.4. Trophic relations within the Lode faunal and floral assemblage

Previously studies on trophic relationsof the Devonian organisms were done by several
authors: Mark-Kurik (1995) for the Eifelian, and Lebedev (1992) and Luksevics (1992) for the
Famenian. Lode faunal and floral assemblage reflects more various food chains due to
excellent preservation of variety of organisms. The trophic pyramid typical for the Devonian
palaeobiocenosis of the delta area is created for the first time.

The Devonian seas in the Baltic region were located on the continental shelf, thus
being epicontinental, comparatively shallow, and supporting a rich fauna and flora (Kurss,
1992b). Deltaic area was extremely favourable for coexisting of representatives of different
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major taxa. Most Devonian taxa of vertebrates are present in Lode: heterostracan agnathans,
placoderms, acanthodians, sarcopterygians, and actinopterygians. Both adult and juvenile
individuals are presented by several species. The local abundance of mysidaceans and
conchostracans makes an ideal link in the food chain between algal phytoplankton and
carnivorous fish in the trophic levels of the Lode organism assemblage. The juvenile fish-
assemblage combines forms from different habitats: including predaceous forms, plankton
feeders and benthic forms. The ratio between them (asterolepids, acanthodians and
sarcopterygians) comprises about 50:7:1 (Upeniece, 2001b).

Trophic hierarchy of the Lode organism assemblage is proposed (Table 1) presuming
the autochthonous character of burial. Almost complete absence of coarse-grained material in
the Lode clays and perfect state of preservation of fish and invertebrates, as well as the
remains of well-preserved inflowed terrestrial plants Archaeopteris fissilis and Svalbardia
polymorpha suggest, that this assemblage (taphocoenoses type 1) may reflect palacobiological
community (Upeniece, 2000).

Feeding relations are based on the structure of the mouth and jaw apparatuses, body
form and size. All feeding modes of fish are represented: benthos- and zooplankton feeders,
detritivores, herbivores and carnivores. Vertebrates were capable of feeding in different ways
as the majority of the extant fishes do, that is, several species in the trophic level
reconstruction represent both the primary and the secondary consumers (e.g. phyto- and
zooplankton feeders).

The Lode organism assemblage is featured by variety of predatory fishes (9 species).
Characteristic is the almost complete absence of juveniles of the greatest predators. The most
abundant prey fishes in Lode are Asterolepis ornata, Psammolepis alata, Lodeacanthus
gaujicus, as well as juveniles of sarcopterygians Strunius sp. nov., Latvius sp. nov. and
actinopterygian Cheirolepis sp.

There are several trophic levels within the Lode palaeoecosystem: producers, primary
consumers, secondary consumers; the predators form fourth and fifth levels. The base of the
trophic hierarchy is composed of producers - autotrophic organisms (algae and phytoplankton)
and organic detritus. The primary consumers include benthic forms: detritivores and
herbivores; the secondary consumers are benthos- and zooplankton feeders. Two levels of
predators represent the tertiary consumers: small predators and top predators (large ones). The
fish parasites must have formed the final sublevel of predators, although they are found still
only in the bodies of primary and secondary consumers.
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Table 1. Proposed trophic relations ofthe Lode organism assemblage (# - infested by parasites)
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4. Morphology and ontogeny of juveniles of placoderm
Asterolepis ornata Eichwald sensu Agassiz

Placoderms - extinct jawed fishes which almost entire evolutionary history was
confined within a single geological period, the Devonian. Placoderms have elongate box-like
body armour that is made up of two parts; it covers the head and the anterior part of the trunk.
The placoderms are often well preserved due to their dermal armour, but articulated specimens
are rarely found. The juveniles of Asterolepis ornata are excellently preserved, providing
morphological details, unknown for the adults.

4.1. Morphological changes

The sequence of the earliest growth stages has been established studying the
development of the dermal armour of Asterolepis ornata. The total length of the dermal
armour including head and trunk shields in juveniles is ranging from about 1.0 to 3.8 cm. For
study purposes all Asterolepis ornata juvenile specimens were divided into five groups
representing theoretical growth stages. Each of the growth (ontogenetic) stage is characterized
by several morphological features reflected the changes of the dermal armour (Table 2). The
small individual in the last, the fifth stage with an estimated length of the dermal armour 3.8
cm morphologically already resembles an adult form. Since the transition from one early
growth stage to another was gradual, some individuals demonstrate the ’transitional stages’,
representing mixture of features typical for the nearby stages. The majority of the recovered
specimens (over 90%) correspond to the second growth stage with the total length of the body
armour about 1.5 cm.

Special characters of immaturity:

1. Remarkable and well developed ridge system in the dermal armour. The ridge system
gradually diminishes in the advanced juveniles of Asterolepis ornata. In adults only weak
traces of the main ridges on the trunk armour are preserved (dmr, dlr, vlr). The paired low
oblique transverse ridge (otr), characteristic for juveniles of Asterolepis, is noted as characters
of immaturity in small individuals of Bothriolepis canadensis (Stensid, 1948, p. 104).

2. Remarkable differences in the body proportions during the growth of the dermal
armour.

3. Incompletely developed laminae of the trunk armour plates in the earliest growth stage.

4. Gradual changes of ornament of the dermal armour during the growth of individual:

a) Three-layered bone structure not developed in smaller juveniles: only basal layer is
present, therefore the plates have smooth outer surface.

b) The reticular ornament appears on the surface when the three-layered bone structure
starts to develop.

c¢) Tubercular-radial ornament on the central plates on the dorsal trunk armour appears.

d) Advanced juvenile individual has the same tubercular ornament as in adult ones, but
tubercles are considerably smaller.

5. Lateral fontanel on the lateral wall between ADL, AVL, PL and PVL plates is present in
the smallest juveniles. It gradually disappears with enlarging of the adjacent plates.
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6. Ventral fontanel on the ventral wall between AVL and PVL plates: there is no median
ventral plate in smaller juveniles. MV starts to ossify when the three-layered bone structure
has been developed in the adjacent ventral plates.

7. Separate PDL and PL plates characteristic for juveniles have been fused into the MxL
plate in subadults and adults.

8. Two separate central plates (Cd; and Cd,) in the distal segment of the pectoral fin; it is
only one central plate in adults. In the subadult growth stage the second central plate (Cds)
fuses with the terminal plate, but no sutural connection is visible.

9. There is an additional Mls plate in the distal segment in juveniles as well. In adults it
has been fused with the terminal plate.

10. Changes in the scale morphology: in juveniles scales bear one external tubercle on the
dorsal surface, corresponding to a pit on the inner surface. In adults the pit disappears and
external surface is covered with an ornament consisting of roundish tubercles.

11. Sensory lines are not imprinted in juveniles. First sensory line initially appears on the
nuchal plate in the advanced juveniles.

12. There are well-developed serratiform sutural connections between the head-shield
plates in the endocranium region, as well as between the armour plates of the pectoral fin of
juveniles. There are only few weakly pronounced traces of serratiform connections left in
adults.

4.2. Ontogenetic development of exoskeleton

The sequence of ontogenetic stages of exoskeleton development provided possibility
to evaluate previously unknown pattern of the early growth of antiarch placoderms. Five
stages of early ontogeny (Table 2) are determined for premature fish Asterolepis ornate, based
on such changeable and observable characters as the total length of the dermal armour,
ornamentation and histological structure of the armour plates, presence of the ridge system,
sensory lines, fontanels and MxL plate, as well as the appearance of scales. All these
characters have been grouped into two groups of qualitatively and quantitatively changeable
characters. Qualitatively changing characters includes: 1) morphological features of the
armour plates such as ornament, development of sutural connections, structural changes of the
armour plates (the 3-layered bone, ridge system); 2) spreading of the armour plates and scale
covering; 3) morphological changes of scales; 4) development of the sensory line grooves.
Quantitatively changing characters are: 1) body length; 2) the ratios between body parts; 3)
thickness of the armour plates.

Exoskeleton of Asterolepis ornata undergoes extreme morphological change during
the early ontogeny. As mentioned above, the advanced juveniles with an estimated length of
the dermal armour nearly 4 cm morphologically already resembles an adult form: the
qualitatively changing characters developed remarkably rapidly in. Only the fusion of separate
bones (PDL+PL into MxL plate, Cd4 and Mls with terminal plate) must have been occurred in
remarkably later stages of ontogenetic development. The rapid development of exoskeleton
took place when dermal armour increased in total size only for 3 cm.
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Development of the bone structure during the early ontogeny

The ornament of the dermal armour of 4sterolepis ornata gradually changes during the
early ontogeny. The sequence of the development of ornament is as following: smooth surface
without ornament is changed into the smooth surface with initially developed fine-meshed
network of weak ridges only along the ridges of the ridge system. Then the fine-meshed
ornament covers the whole armour plate, gradually changing into the reticulate ornament and
then into reticulate ornament with developed anastomosing ridges and elevations at their
points of union. Reticular ornament with anastomosing ridges finally turns into the nearly
tuberculate ornament typical for the most advanced juvenile individuals.

Fishes in the 1% stage of ontogeny demonstrate only translucent one-layered structure
of the armour bones consisting of the basal layer. Respectively, armour plates are not
ornamented at all, demonstrating the smooth surface of the bone. Laminae of the trunk armour
plates are incompletely developed; plates do not overlap each other.

Little larger juveniles in a transition stage between the ontogenetic stages 1 and 2 have
smooth surface of the armour plates with initially developed fine-meshed network along the
ridge system.

The juveniles in the 2" ontogenetic stage have an ornament of a fine-meshed network
consisting of the irregularly distributed bony trabeculae located on the external surface of the
whole lamina except a narrow belt of initially weakly marked overlapping areas. The three-
layered bony structure initially appeared along the ridge system. The armour plates of the head
shield and pectoral fin show serratiform sutural connections with numerous, irregular and flat
tubercles.

The well-pronounced reticular ornament is typical for advanced juveniles belonging to
the 3 ™ ontogenetic stage. The radially arranged tubercles occur on the central part of the Nu
and AMD plates. The three-layered structure of the armour plates is well visible: basal,
spongious and trabecular, similar as in adult individuals. The serratiform sutural connections
of the head shield and pectoral fin become denticular in appearance and roundish in the
section. Overlapping areas of the trunk armour plates are well developed and well marked.

In larger juveniles in ontogenetic stage 4™ radially arranged ridges of reticulate
ornament appear, e.g. on the AMD and ADL, as well as on the head shield. Then the radial
ornamentation gradually disappears, except along the outer margins of the armour plates:
somewhat suggestive to what is seen in adults of Asterolepis radiata (Karatajute-Talimaa,
1963, PL. X1V, figs. 3, 4; PL. XV). Initial development of the radially tuberculate ornament is
noticed in the central regions of the AMD and Nu plates.

In the largest juvenile individual in 5™ stage of ontogeny the radially arranged ridges
are less marked, but tubercles became larger in diameter and flatter, similar to these of
subadult individuals. In this stage, the juvenile already morphologically resemble an adult
individual. In adults of Asterolepis ornata the ornament consists of irregularly situated coarse
tubercles.

Therefore two major features can be distinguished for the developmental pattern of the
ornament in juveniles:

1. Ossification develops faster along the head-shield and trunk ridges; therefore the more
derived ornament is seen on and alongside the ridges, while the rest area of the armour plate is
covered by the ornamentation typical for the respective developmental stage.

2. More advanced ornament develops first on the dorsal side of the head and trunk
armour. The most complicated ornament can be observed on the posterior part of the head and
on the median dorsal trunk plates, whereas it is least developed on the central part of the
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Table 2. Ontogenetic stages of the early development of the dermal armour of juveniles of Asterolepis ornata

Stage of Total Ornamenta- Structural Presence Presence Presence
ongto- length of tion of the chanees of the Ridge Scales Senso of the ventral of the of the
the dermal armour £ system ry fontanel/ MV lateral MxL
geny dermal bone system
armour, cm plates plate fontanel plate
No orna-
I(I;i?éiif)n Large  ventral
1 11 but fine Only basal layer Strongly Not ossified Not fontanel, MV
developed developed observed | not developed Yes No
meshed
along
ridges
With a pit on
Irregular Basal layer and the ventral Ventral fontanel
) 1.4-1.6 fine- initial . surface, and Not or initial Yes or 1o
R meshed development of corresponding | observed | development of No
network 3-layered bone tubercle on the MV
dorsal side
. Well developed
. 3-layered bone No pits on the Not
3 1.8-2.3 Reticular structure - ventral surface | observed MV plate No No
Reticular
ornament
of radially Known
2.6 . Remarkably on the Not
4 . anastomosi “ Not known «
(estim.) . ) - reduced Nu, Pn - No known
ng ridges;
plates
and
tubercular
5 3.8 (estim.) - Smooth surface Not
. . _6‘ _‘6_ u _CG_ _6‘ NO kIlOWn
6 (sub- Fine- » Weakly Not «
adult) Notknown tubercular - developed Not known known B No Yes
Weak traces iﬁgﬁ}gﬁfﬁ; oer On the
adult 25.0-35.0 Tubercular - of some pe, whole « Yes
. tubercular - No
trunk ridges body
ornament
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ventral wall of juveniles (e.g. in the MV and along the adjacent margins of the AVL and PVL
plates).

4.3. Discussion

A number of peculiar characters have been marked during the studies of the
morphology of juvenile individuals of Asterolepis ornata. Many juvenile characters of A.
ornata listed below have similarities to these in adults of other antiarch placoderms, but not
to adults of A. ormata. Presumably, several of them would exhibit some degree of
phylogenetic relationships within antiarchs. Changes of juvenile characters of A. ornata
during the early ontogeny would reflect (more or less) the phylogeny of antiarch placoderms.

1. Squamation. Asterolepis juveniles exhibit morphologically different flank scales
on the caudal part. The scales of juvenile individuals bear a prominent tubercle on the dorsal
surface, corresponding to a pit on the visceral surface. Some resemblance in structure
between the prominent tubercle of the flank scales of the caudal part of Asterolepis juveniles
and those of some adult antiarch placoderms can be marked:

a) The tail fragment of the yunnanolepid described as Asterosteidae from the Lower
Devonian, China (Wang J., 1991).

b) The dorsal spinal scales of yunnanolepid antiarch Liujiangolepis suni (Wang S., 1987)
from the Lower Devonian, China. It is the oldest known articulated antiarch with
associated scales.

c¢) The yunnanolepid antiarch Parayunnanolepis xitunensis from the Lower Devonian, China
(Zhang et al., 2001). Each flank scale exhibits a separate stout tubercle.

d) Flank scales of the Early Devonian asterolepidoid antiarch from Australia possess a
median crest as well, but with markedly pointed end directed caudally (Young, 1984).

e) Flank scales of the Middle Devonian Pterichthyodes milleri possess a median crest
(Hemmings, 1978). The above mentioned Early Devonian occurrences of separate
tubercle on the each flank scale have more similarities with that of Asterolepis juveniles
than those of Middle Devonian Pterichthyodes.

f) Fin scales of the Late Devonian Bothriolepis gippslandiensis exhibit small body denticles
(Long, Werdelin, 1986).

This is the most ancient character that can be traced in the Asterolepis juveniles. This
type of the scale would be traced also in the Lower Devonian arthrodire placoderm
Stensioella heintzi, which exhibit a slightly similar median tubercle as well, and possibly
even within some agnathans, exhibiting resemblance in the shape of the inclined tubercle and
the pulpar pit (Karatajiite-Talimaa, 1978).

2. Ridge system. Well pronounced ridge system on the head and trunk armour in
Asterolepis juveniles serves as a framework for strength for the very thin armour plates in
juvenile stages. In adults of Asterolepis the ridge system is nearly diminished. Well-
developed ridge system is known in a small-sized adult antiarchs Microbrachius and
Minicrania.

Other antiarchs, for example, Pterichthyodes and Bothriolepis exhibit only partly
preserved trunk armour ridges. The presence of the ridges in such primitive antiarch as
Minicrania points that the well pronounced ridge system in Asterolepis juveniles must be
referred to the most ancient characters of the Lower Devonian antiarchs.
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3. Ventral fontanel. The absence of the median ventral plate (MV) in the smallest
Asterolepis juveniles is similar to what is known in juvenile individuals of Bothriolepis sp.
(Criswell et al., 2007; Downs et al., in press).

Several Early and Middle Devonian adult sinolepid antiarchs from China and
Australia exhibit no presence of the MV plate (Ritchie et al., 1992). The area of the ventral
fontanel in the mentioned species belonging to the family Sinolepidae is remarkably large.
Possibly the MV plate had not developed there at all and fontanel was covered only by the
skin.

The MV plate was developed in juveniles of Asterolepis as the last plate in the
dermal trunk armour. The MV plate in other antiarchs exhibits different relative size. For
example, the MV plate in Heteroyunnanolepis occupies the most part of the ventral wall
(Zhu, 1996, Fig. 17B), but usually the relative size of the MV plate is remarkably smaller. In
Asperaspis the ventral fontanel was overgrown by the adjacent AVL and PVL plates, without
any traces of the MV plate (Panteleyev, 1993, Fig. 4C).

Presumably, the MV plate in antiarchs has been developed in different stages of
ontogeny or has not been developed at all.

4. Fusion of separate plates. Juvenile individuals of Asterolepis ornata exhibit
several non-fused bones during the early growth, which are completely fused in adults. It was
observed in the following cases.

PDL, PL and MxL. Juveniles demonstrate separate posterior dorsal lateral (PDL) and
posterior lateral (PL) plate. These plates merge together forming the mixilateral plate (MxL)
in adults of Asterolepis ornata.

All up today known Lower Devonian antiarchs have separate PDL and PL plates,
whereas antiarchs from the Middle and Upper Devonian exhibit either separate PDL and PL
plates, or united MxL plate. Most of the Middle Devonian antiarchs possess the MxL plate.
Both mentioned characters are distributed almost equally in antiarchs from the Upper
Devonian deposits.

Obviously, the ancestor of Asterolepis possessed separate PDL and PL plates. The
same condition in Asterolepis juveniles reflects phylogeny of antiarchs in the ontogeny of A.
ornata. The nearest relatives of Asterolepis, namely Pambulaspis and Remigolepis exhibit
separate PDL and PL plates as well. Presumably, the PDL and PL plates fused together in
some antiarch during the Middle Devonian or even somewhat earlier and it might have
appeared independently in each genus. Therefore such feature developed in the genus
Asterolepis comparatively late.

Distal segment of pectoral fin. The distal segment of the pectoral fin bears two central
plates in juveniles (Cds and Cd,) and the additional lateral marginal plate 5 (Mls). Contrary to
that in adults of Asterolepis there is only one central bone (Cd;) in the distal segment. Other
antiarchs described until now exhibit two or three central plates in the distal segment.

In adults of Asterolepis the Mls plate and Cdy4 plate fuse together with the terminal
plate. Peculiarly, that the number of dermal plates in the pectoral fin in juveniles of
Asterolepis coincides well with that of Middle Devonian antiarch Pterichthyodes or
Byssacanthus, and not with that in adult of Asterolepis ornata. That could point to reflection
of some characters of phylogeny of antiarchs in the ontogeny of Asterolepis. Presumably, the
ancestor of Asterolepis might have possessed two central bones and Mls in the distal
segment. The fusion of these bones in one terminal plate might be took place only within the
genus Asterolepis. The Asterolepis sp. from the Middle Devonian of Belgium exhibit
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separate Cva, Mls in the distal segment of the pectoral fin (Gross, 1965) as well. For the time
being the genus Asterolepis is only one who exhibits one central bone in the distal segment in
the adult forms.

5. Proportions of the body and plates. Some proportions in Asterolepis juveniles
exhibit similarities with these in adults of other antiarchs and not with that in adults of
Asterolepis.

Pectoral fin. The length of the pectoral fins in Asterolepis juveniles exceeds the trunk
armour similarly as in adults of Bothriolepis (Stensid, 1948, fig. 116). In adults of Asterolepis
the length of the pectoral fin comprises only two thirds of the trunk armour (Lyarskaya,
1981, fig. 74).

AVL plate. The lateral lamina of the AVL plate in juveniles is highest across the
foramen axillaris, and declines in its posterior part, similar to that in Bothriolepis. Contrary,
in adults of Asterolepis the lateral lamina is highest in its posterior part. Presumably, this
explains why the trunk armour of Asterolepis is relatively larger than that in Bothriolepis.

AMD plate. A wide anterior margin of the AMD plate in Asterolepis juveniles is
similar to that in adults of the Middle and Upper Devonian antiarch Bothriolepis,
Pterichthyodes and Microbrachius, and the Upper Devonian Kirgisolepis. Related genus
Pambulaspis exhibits a slightly wider anterior margin of the AMD plate than adults of
Asterolepis, and is more similar to that in Bothriolepis. Presumably, the ancestor of
asterolepids and bothriolepids could possess the wide anterior margin of the AMD plate.

The Lower Devonian antiarchs (Yunnanolepididae) mostly possess the AMD plate
with the pointed anterior margin, except the Liujiangolepis suni (Wang S., 1987). Possibly,
the wide anterior margin of the AMD plate appeared during the Middle Devonian. Possibly,
the wide anterior margin of the AMD plate appeared during the Middle Devonian. The above
mentioned characters of proportions may reflect some relations between the bothriolepids
and juveniles of Asterolepis.

6. Ornamentation. The changing ornamentations in Asterolepis juveniles during
the growth can be compared with the patterns of changes of ornamentation of some other
antiarchs. For example, the fine-meshed ornamentation typical for the o stage of the
development in Asterolepis juveniles resembles that in adults of Bothriolepis portalensis
(Young, 1988, PL 10, figs. 5,6); the reticular ornamentation of the 3™ stage of the
development resembles that in adults of Bothriolepis prima, B. obrutschewi (Karatajiite-
Talimaa, 1966), etc.; the radial ornamentation characteristic for the 4™ stage of ontogeny
resembles that in adults of Asterolepis radiata (Karatajiite-Talimaa, 1963).

The earliest known antiarchs (Yunnanolepididae) exhibit tubercular ornamentation,
but Bothriolepididae mostly show the reticular ornamentation. Presumably, the reticular
ornamentation emerged later. The similarities of the ornamentation between juveniles of
Asterolepis and adults of Bothriolepis would point to that the ornamentation in the ancestor
of Asterolepis was similar to that in bothriolepids. The development of the ornamentation in
Asterolepis ornata juveniles during the growth could point that the ancestor of Asterolepis
could have possessed the reticular ornamentation.

In conclusion it would be said that the juveniles of Asterolepis exhibit some
bothriolepidoid characters, which are not observed in adults of Asterolepis. The ancestor of
Asterolepis possibly might have possessed several the above mentioned bothriolepidoid
characters. The Asterolepis and Bothriolepis might have a common ancestor with characters
somewhat similar to the Middle Devonian antiarch Dianolepis (Chang, 1965) and other
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Dianolepididae, which exhibit “mixture” of features typical both to Asterolepis and
Bothriolepis.

5. Morphology and ontogeny of acanthodian
Lodeacanthus gaujicus Upeniece

5.1. Morphology of Lodeacanthus gaujicus

Acanthodians are a fossil group of the earliest gnathostomes characterized by the
presence of large spines in front of all fins except the caudal fin, and by the particular scale
type with a bulging base. Since they are nektonic fishes, most acanthodians have wide
distribution areas, therefore their scales and spines are successfully used for
biostratigraphical purposes. Acanthodians occur on all continents in rocks ranging from the
Late Ordovician till the Early Permian, but they are a poorly known group due to the rarity of
intact material.

Very peculiar and unique in the good preservation is representative of mesacanthids
Lodeacanthus gaujicus Upeniece, 1996, which has been described based on the whole-
bodied specimens from the Lode (Liepa) pit. About one fourth of the specimens are clearly
juveniles, judging from fish fry with an incomplete development of squamation or they
demonstrate merely a film of the skin with fin spines and head elements, allowing the
discernment of several aspects of its ontogenetic development (Upeniece, 2005b, 2011a,b).
This represents the only known sequence of the development of Devonian acanthodians up to
now.

Systematic palaeontology

Class Acanthodii Owen, 1846
Order Acanthodiformes Berg, 1940
Family Mesacanthidae Moy-Thomas, 1939

DIAGNOSES OF THE GENUS AND SPECIES
Genus Lodeacanthus Upeniece, 1996

Diagnosis. Small, slender-bodied mesacanthid. Both jaws ossified as single units;
upper jaw fenestrated, lower jaw without mandibular splint; mandibular joint simple.
Enlarged dermal bones present in cheek and nasal regions; nasal bones crescent-shaped and
paired. Hyoid operculum supported by numerous long branchiostegal rays, does not quite
reach posterior end of gill region. No accessory gill covers.

Fin spines slender, straight or only slightly curved, ornamented on each side with a
deep anterior groove followed by several fine, less pronounced grooves. Pectoral, dorsal and
anal spines of about the same length, pelvic spines about one-third shorter. Dorsal spine
situated slightly behind anal and shallowly inserted. One pair of intermediate fin spines,
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nearly half as long as pelvic spines. Caudal fin long, hypochordal lobe small and
triangular; epicaudal lobe present, but very small. Scales unornamented.

Species Lodeacanthus gaujicus Upeniece, 1996

Diagnosis. As for genus.

The detail morphological description of the following researched elements is given
in the promotion work. 1) Head and visceral skeleton: palatoquadrate (upper jaw), lower jaw,
circumorbital bones, nasal bones, branchiostegal rays, branchial arches, cheek bones,
scapula, as well as fragments of neurocranium. 2) Caudal fin and fin spines: pectoral, dorsal,
pelvic, anal and intermediate fin spines.

Comparison of Lodeacanthus with related genera

Lodeacanthus is a member of the Mesacanthidae retaining a pair of
intermediate spines; fin spines are inserted superficially, and scales cover the entire body.
Lodeacanthus is evidently more closely related to Triazeugacanthus than to
Mesacanthus. Some features are similar to Triazeugacanthus (the ratio of fin spines),
some to Mesacanthus (the same ornamentation of fin spines, the presence of a small
epichordal lobe), some are 'between' these genera: the branchiostegal rays are longer and
more numerous than in Triazeugacanthus, but are shorter than in Mesacanthus;
Lodeacanthus has comparatively smaller body scales than in Triazeugacanthus, but
considerably larger than in Mesacanthus. Lodeacanthus possess some unidentified small
bones located on the posterior margin of the palatoquadrate.

Lodeacanthus differs from Triazeugacanthus in many aspects:

e the presence of a pair of nasal bones in Lodeacanthus (in Mesacanthus it is
unknown),

e the ornamentation of circumorbitals is concentric in Lodeacanthus and pitted

in Triazeugacanthus,

the ornamentation of fin spines and the shape of the section of fin spines,

presence of the epichordal lobe,

all the scales have conical bases (in Triazeugacanthus they have flat bases),

intermediate spines are twice longer than in Triazeugacanthus.

Differences from Mesacanthus are:

e in Lodeacanthus the jaws are ossified as a single unit (in Mesacanthus the jaws are
ossified from to units; in Triazeugacanthus it is unknown),

e in Lodeacanthus a mandibular splint is absent,

e in Lodeacanthus subsidiary gill covers are absent,

e in Lodeacanthus the palatoquadrate is fenestrated (in Triazeugacanthus it is unknown).
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Lodeacanthus differs from both related genera Triazeugacanthus and
Mesacanthus by the presence of dermal bones of the cheek region, a pair of nasal bones, and
of scale covering on the base of the pectoral fins.

5.2. Ontogeny of Lodeacanthus gaujicus
Development of squamation

All developmental stages from juveniles without scale covering to fully scaled
specimens are known. About one fourth of about sixty specimens are juveniles with an
incomplete development of squamation or they represent merely a film of the skin with
fin spines and head elements (Upeniece 1996, 2001 a, 2005 b). Juvenile individuals are
covered partly by a film of skin and partly by scales. Scales of juveniles differ from those
of adults in having bases with a deep pit as mentioned earlier.

The squamation develops more rapidly in the dorsal part of the body. The scale
cover spreads diagonally forward from the tail, unlike to modern fishes. Fully scaled
individuals reveal the presence of all six squamation zones of the body.

Three stages of the ontogenetic development are defined for the Lodeacanthus
gaujicus in conjunction with development rate of the squamation:

1 stage. Without the squamation

The body is covered merely with a film of the skin; the head is indicated only
by the presence of an eye stain, as well as by a few branchiostegal rays. Well
developed fin spines and scapula are present. The estimated length of the body is about
8 mm, and it comprises the smallest whole-bodied acanthodian ever found in the fossil
record.

2 stage. Incompletely developed squamation

Three substages are recognized:

a) Initial stage of the scale covering of the body reaches the dorsal and the anal
fin spine; the squamation extent is about 37% of the total body length. This ontogenetic
substage includes newly ossified four circumorbital bones of about similar length, a
pair of nasal and cheek bones, as well as the remains of the endocranium. The estimated
total length of the body is 13.6 mm.

b) Squamation reaches diagonally forward to the level of the pelvic fin spines on the
dorsal side and to the anal fin spine on the ventral part. Squamation extent is 54% of the total
body length. The main lateral line on the body appears in this substage. Specimens,
representing this ontogenetic substage, are incompletely preserved to estimate the total length
of the body.

¢) Squamation reaches diagonally forward to the level of the pectoral fin spines;
squamation extent reaches 80-84% of the total body length. Then the posterior part of the
prepectoral region became squamated. The only scales of the head are represented by the two
rows along the infraorbital sensory line, which must be marked as newly appeared skeletal
element. Simultaneously the tesserae covering had been spread to between the orbits. A row
of small cheek bones is present. Circumorbital bones have increased in number up to five
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by adding of a small bone. Behind the pelvic fin spines the small unscaled region retains in
the ventral area covered by the film of skin. The total length of the body in this ontogenetic
substage ranges from 20.6 to 23.0 mm.

3 stage. Fully developed squamation

The Meckelian cartilage, palatoquadrate and branchial arches become
ossified only after the scale covering of the trunk and the head is complete. From this
ontogenetic stage the acanthodian individuals are considered to be adults although they
continue growing. The cheek area is covered by enlarged scales. The circumorbital
ring consists of presumably six elements, unlike what is observed in juvenile
individuals. The small pectoral fin is marked by very minute scale covering. The total
length of the body in that ontogenetic stage ranges from 25.0 to about 48.2 mm.

Other known ranges of acanthodian juveniles comes only from Carboniferous
and Permian deposits: Acanthodes gracilis (Zajic, 2005), A. bronni, (Heidtke, 1990),
A.bridgei, Howittacanthus kentoni (Zidek, 1988) and A.lopatini (Obruchew, 1955, Beznosov,
2009). In all known acanthodians the development of the squamation extent starts from the
caudal part (Upeniece, 2011a,b). In Acanthodidae the squamation develops first along the
main lateral sensory line, but in Mesacanthidae (Lodeacanthus) — bias to the body - along
the diagonal located rows of the scales. Only in the head of Lodeacanthus the squamation
develops along the infraorbital sensory line similar to that in Acanthodes bridgei.

Sequence of ossification of skeletal elements

The sequence of ossification has been reconstructed after the investigation of the
ontogenetic stages of the Lodeacanthus. The first skeletal elements to ossify in the smallest
juvenile individual with undeveloped squamation extent at all were endoskeletal scapula
and exoskeletal branchiostegal rays, then followed by endocranium, and exoskeletal head
bones: circumorbital, nasal and cheek bones in little larger juvenile with squamation extent
of 37% of the total body length. Then tesserae became ossified at squamation extent of 84%.
Jaws and branchial arches become ossified only after squamation extent is completely
developed.
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Conclusions

The results of this study essentially contribute to the morphology, ontogeny,
parasitology, palacoecology and taphonomy of such early vertebrates as placoderms and
acanthodians. Based on the detailed studies of excellently preserved juvenile fish collected
by the author during the long-term excavations in the Lode clay quarry, Latvia, the sequence
of ontogenetic stages of placoderm Asterolepis ornata and acanthodian Lodeacanthus
gaujicus has been established using the newly developed research methodology of the early
ontogeny. The observed morphological features of each developmental stage are reliable
characters for distinguishing the developmental sequence of the dermal armour of placoderm
and squamation of acanthodian, avoiding the description of the new taxa for each ontogeny
stage or other misinterpretations in the future.

Taphonomical studies and careful morphofunctional analysis of all fossil remains from
the Lode quarry permitted to improve the existing hypotheses on the sedimentary
environment within the deltaic area of the Devonian sea and burial conditions of vertebrates,
to establish several taphocoenoses within the Lode clay deposit, as well as allowed
reconstruction of trophic relations, food chains and web within the palaeobiocenosis of the
Lode time. The results obtained during this study demonstrate that the main aim of the
promotion work has been reached and the main tasks accomplished. The results led to several
important conclusions, which are grouped thematically into four chapters.

A. Taphonomical studies of fish remains, which allowed distinguish at least seven types
of taphocoenoses differing in accordance with the dominant lithology of the fossil-bearing
rocks, and re-evaluation of previously published data on the different orientation of fish
skeletons of various taxa confirmed the hypothesis that fish carcasses were accumulated in
the clayey sediments infilling the depressions on the slope of the delta front as a result of
sorting of organism remains by weak currents. Hence, the hypothesis that the Lode
oryctocoenosis of adult placoderms was formed in a result of a catastrophic mass mortality
caused by anoxia in a shallowing basin (Lyarskaya, 1981, p.43) has not been proved.
Taphonomical studies of juvenile fish remains allows to propose the hypothesis that the Lode
oryctocoenosis in “juvenile” fish lens would have been formed in a result of a catastrophic
mass mortality caused by the slump processes on the submarine delta slope.

Reconstruction of trophic relations within the palacobiocoenoses of the Lode time
proposed here is suggested as typical for the deltaic zone of the Devonian palaeobasin. The
food chains and web proposed here are based on the abundant fossils of various organisms
from different habitats and different trophic levels and consist of benthic and planktonic
producers and consumers, organic detritus and plant remains, prey and predatory fishes. The
statistical analysis of the exact number of fish individuals from different trophic levels
testified the relation between the small amounts of predators to the large number of
consumers. Parasitic organisms have been included in the trophic pyramid for the first time
as well. The fossilized remains of stomach content of Asterolepis young, described for the
first time, confirms the bottom dwelling life style for young individuals.
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B. Morphological study of young individuals of antiarch placoderm fish from Lode and
detailed comparison with adult individuals of Asterolepis ornata has confirmed that they
belong to the same species despite the profound changes of the size and proportions of the
whole body, shape and proportions of individual bones, structure and ornamentation of plates
and scales, merging of several plates during the growth.

A number of morphological characters of immaturity have been defined allowing
reconstruction of the sequence of development of the dermal armour. Five stages of early
ontogeny have been established based on the set of quantitative and qualitative features
specific for each ontogenetic stage, starting with the tiny fish represented by a weakly
defined film of lightly ossified bony plates and squamation, with large ventral and lateral
fenestrae in the trunk armour, and followed by the largest juvenile individuals, which already
morphologically resemble the adult ones. The rate of the dermal armour growth was
remarkably rapid, judging from the rate of appearance of new qualitative characters in a short
range of the changing body size.

A full set of developmental stages demonstrates the remarkable allometric growth of
Asterolepis during early ontogeny. The sequence of gradual changing of ornament includes
smooth surface, irregular fine-meshed ornament, reticular, reticular ornament with radially
arranged anastomosing ridges, radially arranged anastomosing ridges with tubercles, and
tubercular ornament; more advanced stages of the ornament first appear on the dorsal side of
the trunk armour and on the head. The three dimensional ornamentation increased the
strength of the thin dermal armour plates. The determination of the each kind of the juvenile
ornament provides possibility avoiding the misinterpretation of separately find fragments
with different ornament as belonging to the new taxa in the future.

Well-developed ridge system of juvenile individuals is characteristic for early growth
stages. Very thin dermal armour plates in early juvenile stages required a pronounced head
and trunk ridge system as a framework for strength. The ridge system started to disappear
when the thicker 3-layered bone is fully formed in advanced juveniles. Dermal armour
initially developed along the ridges of the armour plate.

Remarkable differences in sutural connections between bony plates are indicated for
juvenile and adult individuals: serratiform sutures are suggested to be one among the well
marked characters of immaturity in Asterolepis and possibly in the related antiarch genera.
The serratiform sutures appear firmer than the overlapped type, evidenced in the sequence of
disintegration of fish bodies. In juveniles the sequence of disintegration slightly differs from
that in adults due to growth peculiarities, gaps on the lateral and ventral walls.

Some ancestral features partly appear in the course of development of scales with a pit
similarly to that in some Agnatha, as well as merging of the unnecessary sutures in subadult
and adult individuals due to the presumably immobility of the corresponding plates
(PDL+PL, Cds+ Mls+T).

C. The investigated acanthodian fish Lodeacanthus gaujicus is the best-known
Devonian acanthodian. Lodeacanthus represents a small genus of mesacanthid
acanthodian and the largest individuals presumably are adults or at least nearly mature ones.
The sequence of ontogenetic development is established and five stages of ontogenetic
development are distinguished. Distinct scales with concave basements appear in
Lodeacanthus in the early stages of ontogeny. Such scales are unknown in other acanthodians
due to the absence of so small-size preserved juvenile individuals. Fully scaled individuals
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reveal the presence of six squamation zones of the body, allowing avoiding the
misinterpretation of separately find different scales as belonging to the new taxa in the future.

Lodeacanthus is closely related to Triazeugacanthus differing in having enlarged
dermal bones in the cheek region and of a pair of nasal bones, longer and more numerous
branchiostegal rays, the ornamentation of circumorbital bones and fin spines, and the
morphology of the caudal fin. Lodeacanthus differs from both related genera
Triazeugacanthus and Mesacanthus by the presence of dermal bones of the cheek region, a
pair of nasal bones, and of scale covering on the base of the pectoral fins.

The morphology of acanthodian juveniles differs from adult individuals in several
aspects. During the ontogenetic development the following changes are noticed: 1) in scale
morphology and the extent of the scale covering; 2) in the shape of nasal bones; 3) in the
increasing number of circumorbital bones; 4) in proportions of circumorbitals to
prepectoral length; 5) in proportions of prepectoral length to total body length; 6) in
proportions of fin spines; 7) in the gradual loss of the row of denticles on the anterior
margins of the fin spines; 8) in the cross-section of the spines; 9) in the increasing relative
height of the scapula; 10) in the shape of the hypochordal lobe.

Lodeacanthus exhibits a considerably faster rate of squamation development than other
Acathodiformes. The squamation development is slightly different to that in juveniles of
Carboniferous and Permian Acanthodidae (Acanthodes). The established sequence of
ossification of skeletal elements in Lodeacanthus in overall is similar to that in Acanthodes.
The first to ossify are the endoskeletal scapula and exoskeletal branchiostegal rays, then
followed endocranium and exoskeletal head bones: circumorbital, nasal and cheek bones.
Jaws and branchial arches become ossified only after the squamation extent is completely
developed. The fin spines occurred more useable for the determination of the agedness than
the total body length due to deformation changes of the scale covering during the process of
fossilization.

D. Circlets of fossil hooks were found in young fish skeletons during the research of
their morphology. The radially or parallel located hooks were identified as remains of
parasitic organisms. Studies on the morphology of parasitic remains indicated that they might
have been represented ancestors of different phyla Platyhelminthes and Acanthocephala,
where hooks are used as attachment organ to the host. The discovery of parasitic remains in
Devonian fish fossils confirmed the hypothesis of Llewellyn (1982) on phylogeny of
parasitic flatworms in fishes. These remains could have represented ancestors of flatworms
Monogenea. The maximum number of the hooks 16 evidenced that. It is characteristic to
primitive monogeneans (Boeger, Kritsky, 1993).

The specific location of parasitic remains in juvenile fish bodies indicates they
presumable belonging to representatives of ectoparasites and endoparasites. Small sized
acanthodians possessed small sized hook systems of parasitic helminthes; larger acanthodians
exhibit the greatest in size hook systems. Hence, parasites might have spent all their life in a
one host.

Altogether remains of 77 parasitic worms were found in 16 juveniles of placoderm and
in 27 acanthodian skeletons, as well as two in one individual of crustacean. Almost half of
the found acanthodians exhibit invasion of parasites. The Late Devonian shallow sea in
deltaic regions in Early Frasnian time was largely inhabited and the presence of a great
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number of infested fishes of at least two higher taxa of parasitic helminthes suggests of the
high level of invasion.

The researched parasitic helminth remains in young fish bodies of placoderms and
acanthodians are the oldest known fish parasites so far and represent the oldest host-parasitic
associations ever found in the fossil record.
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