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CHITINOZOAN DIVERSITY DYNAMICS IN THE EAST BALTIC
SILURIAN

Abstract. The species diversity of chitinozoans has undergone
considerable changes throughout the East Baltic Silurian. Well-
pronounced diversity maxima occur in the sedgwickii, murchi-
soni bohemicus, testis, and formosus zones and in the middle
Pridoli: innovation maxima fall in the furriculatus, flexilis,
radians, scanicus, and formosus zones. The major extinction
events took place in the sedgwickii, riccartonensis, testis, and
balticus zones. Most of these events were closely related to the
transgression-regression phases of the Silurian Baltic Basin,
global sea-level fluctuations, and evolutionary changes in the
chitinozoan assemblage.
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Introduction

During the Silurian the East Baltic cratonic basin was subjected to
almost continuous sedimentation. In the geological record four major
sedimentological cycles have been distinguished (Kaljo, 1971; 3iinacro,
1986), closely related to the sea-level changes, but also to the evolution
and fluctuations in the relative abundance and diversity of chitinozoans.
In this work attempts have been made to outline the character and general
trends in chitinozoan dynamics in the Silurian sequence, which contains
rich assemblages of over 150 species, most of them widely distrib-
uted all over the world. The curves showing the number of chitinozoan
species in the Baltic Silurian are based on the samples studied from the
Ikla (lower and middle Llandovery), Ohesaare (upper Llandovery, upper
Ludlow and Pridoli), and Ventspils cores (middle and upper Wenlock
and lower Ludlow). These sections and intervals were chosen as they
show the co-occurrence of chitinozoans and graptolites (see Kauapo, 1970;
Vabser, 1987; Nestor, 1990), permitting to integrate directly the chitino-
zoan zonation and biotic events with the graptolite scale (Fig. 1). In
all charts data are plotted in the middle of the graptolite zones.

Using published data, similar curves as for the East Baltic have
tentatively been compiled also for the Welsh Basin (Dorning, 1981) and
Palencia, North Spain (Schweineberg, 1987) (Figs. 2—5).

Geological Setting

The transgressive phase of the first main sedimentation cycle in the
early and middle Llandovery was characterized by the rhythmically
alternating accumulation of calcareous and terrigenous muds. It was
followed by a rapid regression that reached the maximum in the convo-
lutus Biozone. The second cycle began with a transgressive phase in the
sedgwickii Zone and was characterized by the relative stability in sedi-
mentation in the late Llandovery and early Wenlock, when argillaceous
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deposits covered-large areas. Intensive regression followed at the end of
the Wenlock (Nestor and Nestor, 1991), but in the deeper, middle part
of the basin (Ventspils area) it was weakly expressed. The third cycle
began with a transgressive phase in the lowermost Ludlow, when cal-
careous mudstones and marls accumulated. It was succeeded by a re-
gression in the middle Ludlow, at the tauragensis Zone level, during which
calcareous deposits began to form in the central part of the basin, ter-
minating the graptolite succession in the East Baltic (see Yasct, 1987).
The transgressive phase of the last cycle, which started in the late Lud-
low, reached its maximum in the middle Pridoli, This phase was char-
acterized by intense influx of terrigenous material and deposition of
calcareous marls over a vast area. The cycle lasted until the late Pridoli,
up to the final Silurian regression.

Event Patterns

The evolution of the Silurian Chitinozoa on the higher taxonomic level
(genera, families) was rather slow. Most of the genera entered the Silu-
rian from the Ordovician and continued in the Devonian. The species
diversity of chitinozoans, however, underwent considerable changes
throughout the Silurian, enabling to trace several bioevents of different
scales. They reflect general tendencies in the evolution, but are also
dependent on the sea-level changes and the water chemistry.

The diversity curve of the East Baltic Silurian chitinozoans (Fig. 2)
shows four well-pronounced peaks and one modest peak for the confertus
and cyphus zones. This first early Llandovery diversity maximum was
followed by a steady decline in the diversity, lasting up to the short-time
radiation in the sedgwickii Zone, which coincided with the beginning of
the second main transgressive phase in the East Baltic Silurian. The third
diversity maximum occurred at the murchisoni bohemicus Zone level and
was followed by a major extinction event in the riccartonensis Zone (Fig.
4). A new radiation maximum was attained in the festis Zone, followed
by another mass extinction event at the same level. The last Silurian
radiation began in the early Ludlow scanicus Zone and, continuously
increasing, extended up to the middle Pridoli. The most significant late
Silurian chitinozoan extinction event occurred in the balticus Zone. Simi-
larly to the riccartonensis Zone, it was characterized by the disappearance
of more than 75% of the occurring species.

The bioevents which are more closely related to the evolutionary
changes of chitinozoans are demonstrated in the innovation curve (Fig. 3).
The most important innovation events occur at the base of the Silurian
and within the sedgwickii, turriculatus, flexilis, radians, scanicus, and
formosus zones, showing renewal of more than 50% of the species. A
very high innovation peak characterizes the turriculatus Zone level, where
809 of the species were replaced. The innovation maxima well coincided
with the global sea-level high stands in the Silurian (see Johnson et al.,
1991); the extinction maxima usually corresponded to the sea-level low
stands (see Fig. 1):

In order to minimize the influence of the time factor upon the inter-
pretation of the chitinozoan diversity dynamics, the total rate, i.e. the
number of the appearances and disappearances of species per one million
years (Fig. 5 A, B) and the per taxon rate, i. e. the number of appearances
and disappearances per chitinozoan species diversity (Fig. 5 C, D) have
been calculated for all graptolite zones (after Jones and Nicol, 1986). The
approximate duration of the graptolite zones in million years (Myr) is
given (Table 1) according to D. Kaljo (pers. comm.).

216




bl ) ogional 1 . slobal sea leve . s A d
8|5 ff_b_g“’{’_‘f?_’m__ Graptolite L;uha!lqea level Curve)  chitinozaan
S| & (Stage] ‘Jff]_f-g%,‘-;es scale Shallgw < Deep biozanes
~ Ky Urnachitina
= e 7 : E. fliifera-
2 Ksb lochkavensis £ pistiliifarmis
G > : i
" ultimus - ultimus - {j fr (?gu’fs ;
= P> . Sphagrocephala
% Ksa|  formosus farmasus oo
B ’_"‘"—.-———‘
S : _ £ philipi -
S balticus | Neocucuilograpt E. lagenomorpha
b et —— -
=itk tauragensis |Cpheardnenss C.(atifrons
3 %‘ scanicus | scanicus G.militaris-C.8p.2
) nitssoni nilssani Conochiting sp.
o | K| ludensis ludensis interzane ¥
8 -
E 1 1dssa nassa S.indecora
E ; C.crib
S testis - OrELrasd
Sl s g C.subcyatha
g i bllite C.pachycephaia
B E pEerneri . E_/a_‘gena
g B flexilis (innarssani C. cingulata
2 - C
z antennularius | rgIAUS HeE
§ I riccartonensis |riccarronensis e f,if
murchisoni | myrchisani R
bohemicus | cenirifugus M.margarilana
= spiralis | crenulata C.proboscifera
A - == = S P
E griestaniensis | griestaniensis A langicallis
> D\ H | crispus Crispus .
o _’U i interzane il
%] turricuiatus | turriculatus
>
o & sedgwickii | SEAgwiCKii C.emmastensis
o= ;
c| 5 canvalutus | convalutus interzone I
w|S|g . z C.cf profracta
S 3| gregarius | gregarius % S
{‘gt cyphus cyphus C electa
q >
Sh - confertus | vesiculosus C.postrabusta
= 1-2 :
= : interzone 1
gouminatus A (gENgensls
Fig. 1. Correlation of the East Baltic graptolite and chitinozoan biozones with the

Silurian standard graptolite scale (according to Pewenns..., 1987). Global sea-level

curve after Johnson et al. (1991). Regional stages: G-y — Juuru, G3 — Raikkiila, H —

Adavere, J, — Jaani, J, — Jaagarahu, K, — Rootsikiila, K, — Paadla, Ksa — Kures-
saare, K;b — Kaugatuma, K, — Ohesaare.

217




festis
radjins

pornert

Lieston,
cripus
Lurriculilos
SCAHEAT
conmalilus
Vil

conlerlus
4 Liovacnsis)

zone. Where graptolites

Innovalion . %

0 5 10 1520 25 30 35 40 45 50 55

ey

| ==—*—=East Balt

- North Spain |

Fig. 2. Chitinozoan species diversity curves, plotted in the middle of each graptolite
were ot established, chitinozoan biozones were used (in
brackets).
Extinclion , %
10 15 20 25 9 3 40 45 50 55 60 65 70 75 B0
(& filiers) =t ¢ 1 b —t—t
ullimus
Jormosus
ballicus
Laurarensis

priestoplensis =

IS

comrolulys
Fresarys
s
conlerlus =
{4 Jazvaensis) ~

Fig. 3. Chitinozoan innovation curves.

nilssonr

HIss3
lestis
radians

anfenmulinius
rivcarloncns:

Spiralls

crispus
Lurrieaialis
sedowickir
convolutus
Lroeanus

conferlus
. lacvaensis)

Fig. 4.

For legend see Fig. 2.

218

Jadensis -+

murchisont -

Lriesloniensis

epplus -

Chitinozoan extinction curves.
For legend see Fig. 2.




A B

Folal rate: disappearing species per H;ﬂ"
012‘1456789101112

ook 91 . e B g g 1 K1
[Urockiling) + e
[ fifer)
wllimus

Jormosus
ball
fauragensis
SCARieys
nilssoni
Judensis
RISST

lestis
radians
peraed
Hexilis -
anlennularivs
riccarlonensis
murchisens
spiralis
friesloniensis
erispus
{furriculatus
sedewichil
convelulis
£resarius
epplis
confertus
{4, laewsensis]

eonferius

prmmp— b e+

{4 lersensis) -

C 3 D

Per Laxon appearance rale Per laxon disappearance rale
o 02 04 068 0B 1 12 14 18 a 02 04 0 08 i
— A (& filifers) +— i1
wltimus :

|
7 Ji ¢ Jformosius
i
lormasis l +. Ballicis ~
Dallicus 1 lauraeensis
Lanragensis ] rancus v
SORAICUS l ndlssoal 5
nilssoni 5 L/ Ludensis +
Judensis «l' DASST
nassa 4. ¥ I
testis 4+ e i
1 radins
radiians 1 /- pernert
i s
Sexilis > A
i | anlennularivs
anlennylorivs <+ 3
ey A l/' rhcearlonensis
riccarlonensis 1 z ,;
LS murchisont
nirchison; /\ sy
. - ] .
spiralis *

griestoniensis

CHSpUS E- crispus T
[urricolalus _‘ Lurriculalus
sedewichiy T sodewichl
convolulus — convolulus
Lrogariis L prezariis

crphus J- xS
conterius ‘i confertus

{1 lrevsensis) . hevacnsis)

Fig. 5. Total appearance and disappearance rates of chilinozoan species per one million
years (A, B). Per taxon appearance and disappearance rates of chitinozoan species per
one million years per total species diversity (C, D).

219




Table 1
Numerical data for the East Baltic chitinozoan species
diversity curves (Figs. 2—5)

Appearing | Disappearing Appear- Disappear-
O species species ance rate ance rate
Graptolite S &
biozone 5= Pl 2 £

S5 8% | 2 2 S el .
Eog 3] Lo C e < S o 9]
SEE| 22| 2 |85 | 2 (85| 2 (82| & |&3
(Urnochitina) 1.8 12 3. 25 — — 1.7 0.14 — —-
(E. filifera) 210115523 10 4347 11 478 50 0.22 55 0.24
ultimus 227 718 5 31.25 4 25 23 014 1.8 0.11
formosus 1.8 A7 9 529 5 294 5.0 0.29 2.8:.::40:16
balticus L2 13 6 46.15 10 769 50 038 8.3 0.64
tauragensis 1.4 12 1 8.33 5 4166 0.7 0.06 36 030
scanicus L4t 11 7 636 2 18.18 5.0 045 14 0.13
nilssoni 1.2 6 9w, 33:3 3 50 10728 2.5 042
ludensis 1.0 6 1 16.66 1 1666 1.0 0.17 1.0, 017
nassa 0.8 il 2 2857 3 4285 25 0.36 3.8 054
testis 1.0 18 6 333 12 66.6 6.0 033 120 066
radians 04 10 6 60 2 20 150 |15 50 0.50
perneri 0.4 8 2, 22D 1 125. 5.0 .0.63 25 031

flexilis 0.9 8 b ..625 0 0 55 0.69 0 0
antennularius 0.7 7 3 4285 1 1428 43 061 1.4 0.20
riccartonensis 0.9 8 2 25 6 75 22 028 6.7 0.83
murchisoni 09 16 5 3125 3 1875 5.6 0.35 3.3 021
spiralis 1.0 5 12 5 41.66 1 8.33 5.0 042 1.0 0.08
griestoniensis 1.0 9 4 444 2 222 40 044 2.0 41022
crispus 0.9 4 I 25 1 25 1.1 028 L1 '0:28
turriculatus 0.9 5 4 80 1 20 44 089 L1022
sedgwickii 1.0 17 12 7058 10 588 120 . 07l s 10:0= 4059
convolutus 1.0 4 2 50 2 50 2.0 0.50 20 0.50
gregarius 23 8 4 50 4 50 1.7 0.22 1.7, ..022
cyphus 1.1 10 3 30 5 50 27 027 45 - 045
confertus 08 11 4 36.36 4 36.36 5.0 045 50 045
(A. laevaensis) 1.0 8 5 625 3 375 50 063 3.0 0.38
Mean: 10.2 42.2 352 43 045 3.61,20:37

Major peaks in the total rate of appearance and almost simultaneous
disappearances characterize the middle Llandovery sedgwickii Zone. The
appearance rate is high also in the middle Wenlotk radians Zone and
moderate in the early Llandovery, at the Llandovery-Wenlock boundary
in the spiralis and murchisoni bohemicus zones, in the Ludlow scanicus,
balticus, and formosus zones, and in the middle Pridoli. Fig. 5B shows a
high disappearance rate for the sedgwickii Zone, but also for the riccarto-
nensis, testis, balticus zones and for the middle Pridoli, Lower rates of
disappearance characterize the lowermost middle Llandovery, the Wen-
lock antennularius, flexilis, nassa, and ludensis zones, the lower Ludlow
and the Pridoli ultimus Zone.

The positions of the appearance and disappearance peaks in the per
taxon rate plots (Fig. 5 C, D) are similar to those on the total rate
charts. The main differences concern the sedgwickii and furriculatus zones.
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The total appearance rate is very high at the sedgwickij Zone level, but

considerably lower within the furriculatus Zone. At the same time, in the
| per taxon rate plot the appearance rate at the furriculatus Zone level
exceeds the per taxon rate seen in the sedgwickii Zone,

Relations of Events with Chitinozoan Assemblages

The most important biotic events were closely related to the major
changes in the chitinozoan assemblages.

The first Silurian chitinozoan radiation event at the beginning of
early Llandovery was characterized by the appearance of new species of
Ancyrochitina, Conochitina, and Coronochitina. The middle Llandovery
sedgwickii Zone level shows the extinction of the majority of early and
t middle Llandovery species and genera, for example Coronochiting and
Cyathochitina, accompanied by simultaneous rapid innovation and
| appearance of new morphological characters: mucronate Conochitina spe-
‘ cies, regularly spinose Gotlandochitina species, abundance of Eisenacki-
lina species.

A new radiation, which started at the end of the Llandovery, reached
its maximum at the early Wenlock murchisoni bohemicus Zone level with
the appearance of Margachiting and Anthochiting and wide distribution
of Angochitina and Gotlandochitina species. It was followed by a major
extinction event, which began at the boundary of the murchisoni and
riccartonensis zones, reached its maximum in the mid-riccartonensis, and
was characterized by the disappearance of most of the late Llandovery
and early Wenlock species, dominated by Conochiting proboscifera.

A new innovation high stand was attained at the middle Wenlock
flexilis Zone level and characterized by the appearance and abundance
of Cingulochitina cingulata, Clathrochitina clathrata, Gotlandochitina mar-
tinssoni, Ancyrochitina gutnica, and other widespread species. The inno-
vation peak of the radians Zone is mainly related to the appearance of a
number of new Conochitina species,

The next radiation event took place at the festis Zone level. It was
immediately followed by a major extinction, involving the disappearance
of most of the Wenlock species. The tendency of the faunal reduction
continued at the Wenlock—Ludlow boundary.

A new graded radiation began at the early Ludlow scanicus Zone
level, characterized by the appearance of Conochitina latifrons and Ango-
chitina elongata at the end of this zone. In the subsequent tauragensis and
balticus zones, the last Wenlock species, but also many early Ludlow
species became extinct gradually. This initiated a new innovation, which
brought along the reappearance and domination of Eisenackiting species
(E. lagenomorpha, E. philipi, etc.), appearance of Plerochitina at the for-
mosus Zone level and Fungochitina in the middle Pridoli. A final Silurian
extinction started in the late Pridoli.

Comparison

The curves compiled for the East Baltic, Welsh Basin (Dorning, 1981),
and Palencia, North Spain (Schweineberg, 1987) permit to make some
comparisons between these areas (see Figs. 2—5, Tables 1 and 2).

The relative diversity and dynamics of chitinozoan species from the
other two regions are comparable to the East Baltic only in general
trends. The specific diversity increases gradually towards the middle
Wenlock (in Wales) and decreases in the latest Wenlock, being low at
the Wenlock—Ludlow boundary zones. Diversity is high again in the middle
Ludlow, lowering in the topmost Ludlow. In the early Pridoli a new
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diversity high stand followed (in North Spain). The major chitinozoan
innovation occurred at the levels of the flexilis and scanicus zones; major
extinction events have been recorded in the festis, nilssoni, and balticus
zones and in the middle Pridoli.

Below some comparisons of chitinozoan and graptolite dynamics (after
Koren, 1987) will be outlined. The most prominent graptolite diversity
peak is assigned to the gregarius Zone, but chitinozoans at this level
are already loosing their relatively high diversity, occurring in the con-
fertus and cyphus zones. The mass extinction event took place at the
riccartonensis Zone level, involving both groups. Also the major radiation
events coincide in the lundgreni (festis) Zone, followed immediately by
drastic mass extinction in the topmost part of the zone. The early and
late Ludlow graptolites show two well-pronounced diversity peaks in the
scanicus and formosus zones and one smaller maximum occurs in the
middle Pridoli. An analogous picture can be seen in the chitinozoan inno-
vation chart.

Table 2

Numerical data for the diversity curves of the Welsh Basin (4) and North Spain (B)
chitinozoan species (Figs. 2—5)

Appearing | Disappearing|  Appear- Disappear-
species species ance rate ance rate
Graptolite
biozone wd| 5 5
AT S T e -1 s P B )
et R o S e R e
A

formosus 6 2 3333 — - 1.1 010 — -
bohemicus 10 2 20 6 60 L7 - 00% " 5.0~ 0:60)
leintwardinensis 16 9 56 8§ 50 6.4, 040:% 75,7036

scanicus 7 2 28.57 0 0 14 020 0 0
nilssoni 7 1 14.28 20 28670 0:8L 02" 140024
ludensis 7 0 0 1 14,2 0 0 1.0 0.14
nassa 10 0 0 3 303 0 0 43 043
lundgreni 12 2 16.66 2. "R 16I66: 20 O FE R0 MO T
ellesae 12 1 8.33 2 16,667 T T3 0RO 2L RO

linnarssoni 11 5 45.45 0 0 56  0.51 0 0
rigidus 8 2 25 9o 256 031 2.5 <031
riccartonensis 7 0 0 2 2857 0 0 21277 132
centr.+ murchis. 7/ 1 14.28 3i 174285 MU A0l 33t 0 4R
crenulata 9 0 0 2 22 0 0 2,00 n10:92

B

lochkovensis 15 4 26.6 9 60 20:; 013 =145 030
ultimus 20 3 15 8 40 Bid o Oi07. 7436 4018

formosus 8 1 12,5 0 0 0:6..,0.07:/...0 0
bohemicus? 8 2 2.5 Dy 25 17,021 LiTier. 20:21
leintwardinensis 15 4 26.6 2 13.3 29 0.19 14 0.10
scanicus 18 9 50 2 11.1 64 0.36 14 0.08
nilssoni 9 2 22 3441:33:3 1745 +40:19 525 21028
ludensis 9 3 a3 4 444 310 1.0:33: . 4.0,,10.44

nassa 7 1 14.2 0 0 14 020 0 0
lundgreni 12 6 50 5 4166 6.0 -.,050 50 042
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Conclusions

1. Chitinozoan dynamics, i.e. their major innovation and extinction
events were in good correlation with the transgression-regression phases
of the Silurian Baltic Basin and with the global sea-level changes.

2. The maxima of different chitinozoan bioevents are close or co-
incide in most of the charts and occur at the sedgwickii, riccartonensis,
radians, testis, scanicus, balticus, and formosus zones. These levels may
serve as time markers for the global correlations.

3. The most important bioevents in chitinozoan dynamics during the
Silurian were closely related to the evolutionary changes in the chitino-
zoan assemblages.

4. The prominent East Baltic chitinozoan radiation and extinction
peaks show good correlation with the Silurian graptolite diversity and
extinction maxima of other regions.

5. The fluctuations of the East Baltic Silurian chitinozoan diversity
are not entirely concordant with those of Wales and North Spain, but
comparable in general trends.
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Viiu NESTOR
KITINOZOADE MITMEKESISUSE DUNAAMIKA IDA-BALTI SILURIS

Kitinozoade liigiline mitmekesisus on siluri kestel pidevalt muutunud. Liikide arvu-
kust on analiiiisitud graptoliidi skaala alusel. Olulisemaid liikide ilmumise ja kadu-
mise tasemeid on vaadeldud biosiindmustena, mis ei ole tihedalt seotud mitte ainult
grupisiseste evolutsiooniliste muutustega, vaid ka Balti basseini transgressiooni- ja
regressioonifaaside ning globaalsete merepinna kdikumistega.

Butiy HECTOP

AHHAMUKA PA3HOOBPA3US XHTHHO30HM B CHJIYPE
NMPHBAJITHKH

Buposoe pasnooGpasme xutumosofi B cunype IlpHOAaNTHKH MOCTOSHHO H3MEHSLIOCH.
YncneHnoeTs BHIOB aHAJHSHPYETCA 1O PerHoHaJIbHOH rpanToHTOBOH wkKane. HauGosee
MACCOBBIE MOABJCHHS H HCYCSHOBEHHS BHIOB HA ONDELECJCHHBIX YPOBHSX paccmaTpH-
BAKTCA KaK GHOTHYECKHE COGHITHS, KOTOPHIE CBH3AHE HE TOJbKO C SBOJIONHOHHLIME H3Me-
HEHUAMH BHYTPH TDYNNBL, HO M € ()Aa3aMH TPAHCTPECCHH H perpeccHu Badrhiickoro Gac-
cefiHa H KoJeGamHAMH YDOBHA MHPOBOLO OKeaHa.
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