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TRILOBITE FAUNAL CHANGES IN THE EAST BALTIC SILURIAN

Abstract. The major changes in the evolution of the trilobite
fauna of the East Baltic Silurian are concentrated on certain
stratigraphical levels and associated with depth-related facies
cycles. After the terminal Ordovician event, the significant
evolutionary changes in the lower Silurian occur at the Aero-
nian—Telychian and Llandovery—Wenlock boundaries. The
Wenlock—Ludlow boundary beds lack {rilobites. In the onshore

".' s area (Saaremaa Island) the earliest Late Silurian trilobites
appear in the lower Ludfordian (Uduvere Beds of the Paadla
UNES U Stage), characterized by a generically new low-diversity fauna.

In the offshore area (Latvian Depression) the Gorstian and
early Ludfordian fauna is generically similar to that of the
Wenlock, and the most remarkable changes have been recorded
in the late Ludfordian (lower part of the Kuressaare Stage),
Project 216 where new, diverse and abundant fauna appeared. Upwards
lGlobal Bioevents this fauna disappears gradually due to the further regression.
The Pridoli fauna is generically more or less homogeneous
and of low diversity through the whole study area.

The terminal Ordovician event, including the global trilobite crisis, is
well known and has been dealt with by several authors. Comparatively
little attention has been paid to different events in the Silurian trilobite
evolution and their relation to environmental changes (Chatterton et al.,,
1990). In the present paper the main changes in the Silurian trilobite
fauna of the East Baltic, chiefly of Estonia and Latvia, are examined. In
the study area two main facies regions are distinguished: (1) northern
and middle Estonia, predominantly characterized by sheli platform carbo-
nate deposits, and (2) southern Estonia and western Latvia with shelf
margin and basinal argillaceous deposits (Kaapo, 1977). Because of their
strong dependence on lithofacies, the trilobites of these regions differ
considerably not only in their taxonomic composition and abundance, but
also in certain evolutionary changes. Therefore below the faunas of the
two regions are for the most part examined separately.

The terminal Ordovician extinction was stepwise, beginning from the
late Caradoc through the Ashgill and reaching its maximum at the Ordo-
vician—Silurian boundary. In the East Baltic Ashgill the important Ordo-
vician families disappeared gradually: Remopleuridae and Raphiophoridae
by the end of the Vormsi age; Trinucleidae, Harpidae, and Panderidae at
the Pirgu—Porkuni (= Rawtheyan-Hirnantian) boundary; Asaphidae,
Pterygometopidae, and several distinctive Ordovician genera (Flexicaly-
mene, Dalmanitina, Brongniartella, etc.) by the end of the Porkuni age
(= the systemic boundary) (Hectop et al., 1991). However, the extinction
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rate was different in the two facies regions. In northern Estonia, where
shallow-water provincial associations were predominant (Msuuuab, 1966;
Jaanusson, 1979), the diversity decrease at the Pirgu—Porkuni boundary
was relatively insignificant. About 2/3 of the genera and a number of spe-
cies of the Pirgu Stage extend into the Porkuni Stage, and the latter has
vielded relatively numerous (13) genera (Msinuuiab, 1962). Contrary to this,
in the lower and middle Ashgill of the Latvian Depression the wide-spread
trinucleid associations (so-called Tretaspis fauna) disappear at the same
boundary. Trinucleids are very uncommon in the post-Rawtheyan strata
also elsewhere (Thomas et al., 1984; Lespérance, 1988). The late Ashgill
Kuldiga Formation of the Porkuni Stage is characterized by the low-
diversity, almost cosmopolitan Dalmanitina fauna, represented by two
species — Mucronaspis mucronata (Brongniart) and Brongniartella pla-
tynota (Dalman) (Taitiure, 1975, 1982; Msaunuab, 1966; Msauuuas et al.,
1968). This is in good accordance with the analysis of the fate of Raw-
theyan trilobite genera across the ecological spectrum, which shows that
extinctions were disproportionately concentrated in deeper water environ-
ments (Owen et al., 1991).

The major evolutionary crisis was followed by a profound faunal
innovation in the early Silurian. Only five genera appear to cross the
systemic boundary. The basal Silurian is recognized by the appearance
of the family Phacopidae and several new genera, including the key
Llandovery genera Acernaspis and Nucleurus, and the typical Silurian
genus Calymene (Fig. 1). However, as a rule the lowermost Llandovery
contains only an impoverished trilobite fauna or no trilobites at all,
although the first specimens have been recorded already from the acumi-
natus Zone (Uyraesa, 1983; Thomas et al., 1984; Lespérance, 1985).

The first considerable diversity increase on both generic and species
level is noted in shoaly (including biohermal) sediments of the Hilliste
Member of the Tamsalu Formation (Figs. 1 and 2). From the overlying
deposits of the Raikkiila Formation, also only sparse shallow-water tri-
lobites have been found. The maximum rise in diversity is recorded in the

Series | Regional stages Number af genera
i Ohesaare
Pridoli
Kaugatuma
Kuressaare
Ludlow
Paadla
Rootsikdla
Wenlack | Jaagarahu
Jaani
Adavere
Llan- —
dovery Raikkdla
Juuruy

Ashgill |  Parkuni

Fig. 1. Diversity chart of uppermost Ordovician and Silurian trilobite genera in East
Baltic. Densely striped sections indicate the number of appearing genera,
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uppermost Aeronian Rumba Formation. This trilobite radiation is charac-
terized by the appearance of a number of new species and some short-
ranging genera  (Radiurus, Distyrax, etc.) and it probably corresponds
to Co—C3 Bioevent by Boucot (1990).

In southern Estonia and northern Latvia the Juuru Stage and the
main part of the Raikkiila Stage are characterized by rare trilobites, pre-
dominantly by dilferent species of Acernaspis and Nucleurus. In the study
area the earliest Silurian trilobite, Acernaspis, has been found about
10 m above the Ordovician—Silurian boundary (Ohesaare core) or 14 m
higher than the last occurrence of the Dalmanitina fauna (Ikla core).
The generic similarity and low Irequency of the trilobite fauna character-
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Fig. 2. Diversity curves of Silurian trilobite species, A — in middle Estonia, B — in

southern Estonia and western Latvia. Dashed line indicates the diversity changes on the
level of regional stages, continuous line — smaller stratigraphical units. Sea-level curve
after Johnson, Kaljo and Rong (1991).
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ize the basal Silurian beds also elsewhere (Bolton, 1981; Cocks et al,
1983; Uyraesa, 1983). A remarkable increase in the diversity and fre-
quency occurs in the upper Staicele Member of the Raikkiila Stage of
northern Latvia (convolutus Zone). Dark grey calcareous argillites of
this member have yielded a rich and diverse deep-water association,
dominated by species of Calymene, Nucleurus, and Acernaspis (MsaHuuib,
1986). These beds may be correlated with the cometa Biozone in Scandi-
navia and correspond to the convolutus—sedgwickii boundary transgress-
ion (Johnson, Kaljo and Rong, 1991).

In general, the East Baltic trilobite fauna of Rhuddanian and Aeronian
ages is relatively homogeneous by dominating genera, showing difference
mainly in the species composition and locally in the occurrence of some
stenotopic genera of a restricted distribution. However, the following
Telychian transgression, which brought the argillaceous deep shelf sedi-
ments also to the middle Estonia (Johnson, Baarly et al., 1991; Keiptc et
al., 1991), caused a notable evolutionary change, observed in both studied
regions. Apart from the disappearance and probable extinction of some
short-ranging genera the Rumba—Velise boundary is associated also
with the extinction of the important Llandovery genera Stenopareia and
Nucleurus, which had extended upwards from the middle Ordovician and
lowermost Silurian, respectively, Nucleurus is replaced by Encrinurus (E.),
which in the Velise time is represented already by two species and is very
common in the Wenlock and lower Ludlow deep-shelf sections. At this
boundary also an almost complete turnover of species takes place (except
the facially tolerant Calymene frontosa Lindsirom). As a rule, the deep-
shelf (basinal) sediments contain a trilobite fauna of lower dlvelslty but
higher frequency than that of the open shelf sediments. The argillaceous
deposits of the Velise Formation have yielded a moderately diverse and
frequent association, common to both facies regions (Fig. 2).

Though the Llandovery—Wenlock boundary beds contain rare trilobites
(probably due to the maximum transgression), these show the next re-
markable evolutionary event. The Llandovery type genus Acernaspis
disappeared finally and Proetus, which is very characteristic of the Wen-
lock and Ludlow, appeared. In the Latvian Depression no trilobites have
been found from the basinal sediments of the lowermost Wenlock, but
beginning from the uppermost riccarionensis Zone there is a gradual in-
coming of a new fauna, dominated by abundant specimens of Dalmanites
and species of the Calymene orthomarginata lineage (Msinunib, 1982).
An almost complete change occurs also on the species level: only Caly-
mene [rontosa extends to the basal Wenlock in the Ohesaare core as well
as in the Gotland section (Bruton et al., 1979). The Jaani—Jaagarahu
boundary is not defined by trilobites. It is the only boundary of stages
crossed by the dominant species. Still, the Jimaja Formation shows the
appearance of the genus Cyphoproetus and several new species, which
considerably increases the diversity' (Fig. 2). Yet 'their horizontal and
vertical distribution is restricted and therefore no remarkable events have
been recorded. Higher, due to prolonged regression, the diversity decreases
considerably and practically no trilobites have been found from the
uppermost Jaagarahu Stage, the Rootsikiila Stage, and the basal part
of the Paadla Stage (Fig. 2). So, the Wenlock—Ludlow boundary cannot
be identified by trilobites.

The Ludlow trilobite fauna differs considerably in the two facies
regions. In the outcrop area no trilobites are known from the lower Sau-
vere and Himmiste members. The fauna, first appearing in the Uduvere
Beds, differs on the generic level completely from that of the Wenlock,
bemg represented by the genera Balizoma and Pulcherproetus, and the
first member of the Calymene tentaculata lineage. Different species of
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Pulcherproetus and Calymene dominated in the outcrop area until the
end of the Silurian.

In the Latvian Depression Ludlow trilobites are considerably more
diverse and frequent and their generic composition is different. No trilo-
bites have been recorded from the nilssoni Zone, but beginning with the
scanicus Zone, the well-known Wenlock genera Encrinurus, Dalmanites,
and Proetus (in different species associations) continue throughout the
Dubysa and Engure formations, in certain intervals being accompanied
by short-ranging genera (Linguocalymene, Tetinia, etc.). This fauna has
specific affinities with the Hemse Beds of Gotland and the leinfwardinensis
Zone of the Welsh Borderland. An abrupt change is observed on the
supposed Paadla—Kuressaare boundary (Pavilosta borehole, 740 m),
marked by the disappearance of Encrinurus and Dalmanites and a com-
plete turnover of species. There appears a diverse and abundant associ-
ation, containing the species of Ananaspis, Harpidella, Ryckholtia, etc. It
has at least generic affinities with the fauna of the Ananaspis fecunda
Zone of the Kopanina Formation of Bohemia. In the upper hali of the
stage the association becomes impoverished and disappears gradually.

The Ludlow—Pridoli boundary is rather poorly marked by trilobites
and a further decrease in the generic diversity characterizes the Pridoli
trilobite faunas almost everywhere (Fig. 1). The continuing regression
caused the formation of the open-shelf environment and the appearance
of more or less homogeneous shallow-water association almost on the
whole study area. It is dominated by the species of Pulcherproetus and
Calymene, accompanied by rare Eophacops and Acaste. The considerable
increase in the species diversity and frequency, observed in the Aigu Beds
of the Kaugatuma Stage, is associated mainly with the radiation of Caly-
mene.

Conclusions. The evolution of the trilobite fauna in the East Baltic Silu-
rian may be divided into the cycles which in general correspond to the
depth-related lithofacies cyclothemas identified by Einasto in the Silurian
of Estonia (Keiprc et al., 1991). The extent of the early Silurian cycles
is similar in both facies regions discussed: (1) Rhuddanian—Aeronian
and (2) Telychian; but rather different in higher strata. In the outcrop
area there follow (3) Sheinwoodian—lower Homerian and (4) lower Lud-
fordian to uppermost Silurian; in the Latvian Depression and southern
Estonia the following cycles are: (3) Sheinwoodian—lower Ludfordian,
(4) upper Ludfordian, and (5) Pridoli. Besides, the Telychian cycle is
rather transitional between the Llandovery and Wenlock faunas.

These cycles are separated by extinction/emigration periods. The most
impressive and widespread extinction/innovation periods (events) are
distinguished at the Aeronian—Telychian and Llandovery—Wenlock
boundaries. The extinction/emigration events occur at the Wenlock—Lud-
low boundary beds in the whole study area, and at the lower to upper
Ludfordian and Ludlow—Pridoli boundaries in the Latvian Depress-
ion. The trilobite faunal turnovers correspond rather well to environ-
mental changes and the extinction/emigration events are caused by
extreme facies conditions. A new trilobite fauna appears usually either
at the onset of transgression (observed in the convolutus Zone, Velise
Formation, Uduvere Beds) or more or less gradually during prolonged
regressions (Riga and Jdmaja formations and the boundary beds of the
Dubysa and Engure formations).
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Reet MANNIL
TRILOBIIDIFAUNA MUUTUSED BALTIKUMIi SILURIS

On kisitletud olulisemaid muutusi Baltikumi trilobiidifauna arengus ordoviitsiumi

ja siluri piiril nin'g siluri véitel seoses' falsiaalsete muutustega.
it

Pasr MAHHHJIb
HWBMEHEHUA TPUJIIOBUTOBCOW @®AVHbI B CHJIYPE NPHUBAJITHKH

PaccmarpuBalorest nanGojlee CylIeCTBEHHpE H3MEHEHHT B TAKCQHOMHYECKOM COCTaBe
H BHI0BOM pasnoo6pasuu TPHAOOHTOBOH (ayHsl Ha TpaHHile OPAOBHKA H CH/Iypa H B
cusiype IIpuOauTHKH, NPOH3OIUEAUIHE B pPe3yJbTaTe CMeHbl (hanHaJLHEIX YCJIOBHH.
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