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Abstract This study focuses on sclerobionts from a large

collection of epibenthic echinoids ([2,000 specimens) of

the genera Conulus and Camerogalerus. Samples were

collected from five localities in southern Poland (Polish

Jura and Miechów Trough), where Turonian carbonates

with terrigenous input are exposed. Low intensity (mean

ca. 5 %, maximum ca. 10 %) and slight encrustation

(‘‘loosening effect’’) exclusively by episkeletozoans prob-

ably resulted from low productivity of encrusters while the

importance of other factors cannot be excluded unambig-

uously. Echinoids served as a main substratum and after

death formed shellgrounds (‘echinoid carpet’) offering

abundant benthic islands for encrusters in an otherwise

soft-bottom environment. The moderate abundance but

low-diversity assemblage is represented by bivalves, sed-

entary polychaetes, foraminifera, bryozoans, corals, and

sponges. This assemblage is similar to a nearly contem-

poraneous assemblage from the Bohemian Basin. The

presence of numerous spirorbins offers insights into their

early evolution and may indicate that their first peak in

abundance after origination was not prior to the earliest

Turonian. This is regarded as one of the important eco-

logical steps towards the rise of modern sclerobiont com-

munities. Encruster diversities are independent of their

abundance and, as shown in our novel planar projections,

lateral parts of tests were preferentially encrusted. This

pattern is explained by the combination of largest flat area

and stable orientation. Encrusting bivalves and serpulids

dominated hard substrate environments in the Turonian of

Poland.

Keywords Echinoids � Encrusters � Ecology �
Cretaceous � Turonian � Poland

Introduction

Encrustation, also termed fouling or epibiosis (see e.g.,

Wahl 1989; Harder 2009) is a widespread phenomenon in

marine environments. It is long-ranging, extending back to

Cambrian times, and has received growing interest among

both paleontologists and neontologists (e.g., Brett 1988;

Wahl 1989; 2009; Lescinsky 2001; Taylor and Wilson

2003; Kukliński 2009; and references cited therein). In

many instances, encrusting organisms provide biological,

taphonomic, and ecologic information often not available

from other sources in the fossil record (Lescinsky 2001).

Encrusters are also a powerful tool for recognizing dis-

continuity surfaces, tracking the taphonomic history of

organisms, for paleoenvironmental reconstructions, infer-

ring life styles of host organisms, and for studying
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biological interactions (see Taylor and Wilson 2003 for

examples).

When compared to other biogenic substrates such as

mollusks (e.g., Taylor 1979; Lescinsky 1993; McKinney

1996; Lescinsky et al. 2002) or brachiopods (e.g.,

Bordeaux and Brett 1990; Lescinsky 1997; Rodland et al.

2004), echinoids have been rarely studied as potential

substrates for encrustation. To date, there have been few

studies on encrustation patterns on echinoids in general

(e.g., Hammond 1988; Nebelsick et al. 1997; Schneider

2003; Santos and Mayoral 2008; Zamora et al. 2008).

In the present paper, we focus on encrustation patterns

on Cretaceous echinoids from Poland. Although Polish

Cretaceous echinoids have been the subject of paleonto-

logical investigations for more than a hundred of years

(e.g., Zaręczny 1878; Kongiel 1939; Popiel-Barczyk 1958;

Mączyńska 1984; Jagt et al. 2004; Jagt and Salamon 2006;

Olszewska-Nejbert 2007; Borszcz et al. 2008; Jagt and Kin

2010), records of their encrustation are rather scanty

compared to the abundance of these fossils. To date, only

octocoral bases (Małecki 1982) and bryozoans (Dzik 1975)

encrusting Polish Cretaceous echinoid tests have been

taxonomically investigated, while Kudrewicz (1992)

illustrated some epibionts on echinoids and used them for

taphonomic reconstruction of the Santonian environment

of southern Poland.

Here we provide new data concerning the encrustation

patterns of Turonian echinoid tests. This time interval is of

interest because it follows the controversial Cenomanian-

Turonian extinction event (e.g., Smith et al. 2001). Epi-

bionts may add new data and other perspectives in this

regard (cf. Lescinsky 2001; Fraiser 2011). Qualitative and

quantitative analyses are undertaken on a large sample size,

revealing diversity patterns, a distribution, taphonomy, and

ecology of the encrusters. An interpretation of the paleo-

environment of the encrusted echinoids is also given.

Geological setting

Paleogeographic background

During Late Cretaceous times, the study area was located

at ca. 458N (e.g., Golonka 2000) and covered by an epi-

continental sea as a result of the extensive transgression

that had begun in the Albian (see e.g., Cieśliński 1959;

Dadlez 1989; Dadlez et al. 1998; Marcinowski 1974). The

study area is confined to the southeastern margin of the

Central European Basin as part of the German—Polish

Cretaceous Basin, also called the Polish Basin (e.g.,

Marcinowski and Radwański 1983; Marcinowski and

Gasiński 2002).

In Poland, Upper Cretaceous deposits are exposed pri-

marily in a few regions (Fig. 1a), all being under the

influence of the North European Faunal Province. One of

these, the Miechów Trough, is the southern part of a great

structure known as the Szczecin-Łódź-Miechów Trough

with the Polish Jura Chain as its western border. In the

Miechów Trough, the transgressive Upper Cretaceous

deposits are well developed, but some gaps are also evident

(e.g., Marcinowski 1970, 1974; Marcinowski and Radwański

1983; Rutkowski 1965).

Studied localities

Five localities with Turonian echinoids were investigated.

They are all situated in southern Poland (Fig. 1b), partly in

the Miechów Trough and Polish Jura Chain, including the

Kraków Upland as their southern tip and represent a

35-km-long transect. These localities (Fig. 1c, d) are rep-

resented by abandoned quarries and/or temporary trenches,

where such deposits are relatively well exposed and

fossiliferous.

Glanów

The outcrop is located less than 10 km southeast of the city

of Wolbrom. During the fieldwork, 6 m of Upper Creta-

ceous sedimentary rocks, resting on Upper Jurassic

(Oxfordian) limestones (e.g., Sujkowski 1926; Marcinow-

ski 1972, 1974), were uncovered. The strata were dated as

Cenomanian and Turonian on the basis of inoceramid and

ammonite faunas (e.g., Marcinowski 1974; Walaszczyk

1992). The investigated Lower Turonian deposits, situated

within the Mytiloides labiatus Zone, are ca. 4 m thick and

developed as laminated limestones (wackestones) covered

by poorly lithified sandy limestones. This outcrop is well

known for its abundant and diverse fossils (e.g., Kongiel

1939; Mączyńska 1958; Popiel-Barczyk 1958; Marcinow-

ski 1974; Borszcz et al. 2008; Salamon et al. 2009).

Echinoids are exceptionally abundant about 1 m above the

Cenomanian—Turonian boundary (see also Borszcz et al.

2008).

Trojanowice

Five meters of Turonian deposits, represented by the Lower

Turonian M. labiatus Zone and the Middle and/or Upper

Turonian (Inoceramus cotellatus and/or I. lamarcki and

I. costellatus zones; see Walaszczyk 1992), are exposed

there. The section is represented by strongly lithified

massive limestones, sandy limestones, and cherts, followed

by pelitic limestones (Kudrewicz and Olszewska-Nejbert

1997).
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Kostrze

Specimens were recovered from a trench in Turonian strata

developed as sandy limestones with quartz pebbles. Alex-

androwicz (1954, pp. 372) dated the outcrops based on the

presence of Inoceramus cf. lamarcki and I. cuvieri, indi-

cating a highest Middle Turonian (I. lamarcki Zone) age

(e.g., Olszewska-Nejbert 2007).

Tyniec

An abandoned quarry exposes highly karstified Turonian

strata less than 1 m thick and comprising limestones with

an admixture of quartz grains (see also e.g., Gradziński

1972). Representing the Lower Turonian M. labiatus Zone

(Walaszczyk 1992), the deposits contain abundant echi-

noids of Conulus subrotundus.

Jeziorzany

This outcrop, also known as Ściejowice (see Alexan-

drowicz 1954), is one of the most southerly located Upper

Cretaceous sections in Poland and comprises poorly

cemented limestones with quartz pebbles and occasional

manganese concretions. Turonian deposits are up to 1 m

thick and have been assigned to the Helvetoglobotruncana

Fig. 1 Geological map of Poland without Cenozoic cover (a) showing the region of interest (b) and investigated localities (c, d). Compiled from

Gradziński (1972), Walaszczyk (1992) and Borszcz et al. (2008)
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helvetica Zone as based on foraminifera (Zofia Dubicka,

pers. comm.), thus indicating an Early to Middle Turonian

age (Peryt 1980).

Materials and methods

Material

The specimens were collected both by hand picking and

bulk sampling. Bulk samples were processed using repe-

ated freezing and thawing in a solution of glauber salts. In

total, 2,094 specimens were collected. Among these, 1,882

specimens came from Glanów, where nearly 300 speci-

mens are represented by Camerogalerus minimus, and the

rest by Conulus subrotundus. A further 79 specimens come

from Tyniec, 69 from Jeziorzany, 40 from Kostrze, and 24

from Trojanowice; all of these are Conulus subrotundus.

To our best knowledge, this material is the largest used in a

study of echinoid encrustation to date. For comparative

purposes we also screened associated bio- and lithoclasts,

as well as the residues from sieving. Among these, we

focused on other echinoderms (crinoid, ophiuroid, and

asteroid remains), brachiopods, bivalves (including a few

tens of inoceramid shells), fish teeth and quartz pebbles (90

specimens) and slabs of host sediment with encrusted tests,

with a surface area from a few to a few dozens of cm2.

The material was first cleaned and then carefully

inspected using a stereo-microscope. Selected specimens

were photographed using a digital camera and selected

encrusters were scanned using a Philips XL 30 Environ-

mental Scanning Electron Microscope (ESEM) housed in

the Faculty of Earth Sciences, Sosnowiec. All material is

deposited in the Department of Paleontology and Stratig-

raphy, University of Silesia, Sosnowiec, Poland (GIUS

9-3478 and GIUS 9-3580).

Analytical methods

Two metrics were used to evaluate epibiont abundance. In

the first method, the proportions of particular taxa in the

assemblage are expressed as the number of individuals of a

particular taxon, and in the second by the number of tests

encrusted by this taxon. For the purpose of statistical

analysis, we quantified epibiont associations and disper-

sions, with five and three individuals as a mean,

respectively.

Measurements of sizes of epibionts and echinoids were

undertaken using a caliper. For the former, bivalves (their

attachment bases) and spirorbins were selected as exam-

ples. For measurements of substrate sizes, only well-

preserved echinoids allowing precise measurements of

width, length, and height were incorporated.

Descriptive terminology follows Taylor and Wilson

(2002, 2003), and partly Wahl (1989; see also Harder

2009). Encrustation intensity (see also Rodland et al. 2004)

was divided into total (mean) and partial, defined as the

ratio of encrusted to non-encrusted bioclasts for the whole

collection of echinoids (total encrustation intensity) and for

respective localities (partial encrustation intensity).

Encruster taxa richness (orders or operational taxonomic

units) in this study refer to a micro-alpha diversity on a

single echinoid test, an alpha diversity referring to a single

locality, and total diversity of all encrusting taxa from all of

the localities. Counting higher taxonomic units rather than

species is supported by a recent finding that relatively little

information is lost when such surrogacy is used (e.g.,

Włodarska-Kowalczuk and Kędra 2007).

For testing relationships between epibionts and substrate

size we used three measurements (width, length, and

height). This method was used rather than surface or cubic

measurements, which has been successfully applied to

various other substrates (e.g., Wilson and Taylor 2001;

Grzelak and Kukliński 2010; Zatoń et al. 2011), because

the state of preservation of the material did not permit the

latter.

We used linear regression (R2) for analysis of relation-

ships between, for example, number of encrusters, species

richness, and echinoid test size. ANOVA (F) was used to

explore differences between abundance, species richness,

and echinoid tests of various states of preservation. To

improve normality and homogeneity of the data, the anal-

ysis was followed by log (x ? 1) transformation. The non-

parametric Kruskal–Wallis test (H) was used for analysis of

the differences between encrusters on tests of different

echinoid species, different sectors of echinoid tests, and for

investigating microstratigraphic changes in the composi-

tion of encrusters. All datasets used in the statistical anal-

yses are derived from our database (see Electronic

Supplementary Material 1; ESM 1) and are available from

the authors upon request. All statistical analyses and graphs

were carried out using the Statistica 8.0 and PAST software

(Hammer et al. 2001).

Planar projections

To show the spatial distribution of epibionts on their sub-

strates, we propose a new planar projection, conceptually

similar to but more advanced than those used by Nebelsick

(1996) or Santos and Mayoral (2008). The previous types

of projections or contour diagrams are frequently used for

patterns of encrustation, bioerosion, or drilling predation

(e.g., Bottjer 1982; Lescinsky 1997; Nebelsick et al. 1997;

Santos and Mayoral 2008; Zamora et al. 2008; Sørensen

and Surlyk 2010) but are inadequate for our material as

they are designed for flat substrates in contrast to the nearly
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spherical echinoids studied here. The only exception is

Hammond (1988), who used 3-D stereographic projections

and goniometry-based recording of epibionts. However,

during the course of this study, his unpublished PhD thesis

was unknown to us.

The echinoid tests were divided into 50 unequal sectors,

defined by horizontal lines marked by sutures of columns

and five arbitrary vertical lines (see Fig. 2 for explana-

tions). Each sector (Fig. 2a–c) is represented on the circle

of projection (Fig. 2d) by two coordinates, one vertical and

one horizontal. The five vertical zones are denoted A to E,

supplying the first coordinate (Fig. 2b). The second coor-

dinate consists of one of ten horizontal zones, labeled 1–5

and I–V (Fig. 2c). Arabic numerals refer to interambulacral

columns and Roman numerals to ambulacra. If denoted, for

example, only as A or IA this signifies that the state of

preservation of the echinoid does not allow for a more

precise specification. Additionally, we also included the

peristome, periproct, and apical disc as distinct sectors,

even though these were rarely colonized. Thus, in total, 53

sectors were distinguished. Direction of numbering of the

columns is standard (compare Santos and Mayoral 2008).

In some instances, an encrusting organism crosses two

sectors, in which case the sector recorded was that which

included more than 50 % of the encruster. However, when

more than 50 % of two sectors was covered by an encr-

uster, the encruster was counted twice, once for each sec-

tor. When the epibiont or test was damaged epibiont

position could not be exactly located. For example, the

designation C? or CIA means that an organism settled in

zone C but on an unknown column, or in an interambula-

cral column but in an unknown sector. Such cases, as with

examples of encrustation of more than two sectors, were

not included in the projection.

Dataset

The full dataset used for this study is provided as an Excel

spreadsheet in ESM 1, and is fully explained in ESM 2.

Two additional figures are included in ESM 3.

Results

Number of encrusted specimens

Of the 2,094 echinoid specimens, 193 are encrusted (see

ESM3 Fig. 1). Of these, 185 encrusted echinoids come

from the Glanów section, three from Tyniec, three from

Jeziorzany, one from Trojanowice, and one from Kostrze.

Total mean encrustation intensity is about 5 % and partial

intensity ranges from 2.5 to 9.83 %. The lowest value is

from Kostrze and the highest from Glanów (ESM 3 Fig. 1).

In total, we found 271 examples of encrustation, 263 of

them at Glanów and significantly fewer at the remaining

localities.

Characteristics of the encrusted echinoids

Two irregular echinoid species—Conulus subrotundus and

Camerogalerus minimus (Fig. 3)—are encrusted. Both

species generally lived epifaunally through most of their

lives (Smith 1988; for phylogeny see Kroh and Smith

2010). Conulus subrotundus (Smith and Wright 1999;

Borszcz et al. 2008 for illustrations) is characterized by a

globular to elliptical test, up to 50 mm in diameter at the

ambitus, a dense tuberculation reflecting a dense canopy of

spines, a small central peristome, and a periproct situated at

the margin of the flattened oral side of the test. Around

10 % of the collected examples of this species are

encrusted. Camerogalerus minimus (for illustrations see

e.g., Mączyńska 1958 or Smith and Wright 1999 among

others) has a much smaller test (diameter up to 12 mm in

the collected material) than Conulus subrotundus. It has a

centrally positioned small peristome and a large periproct

on the oral side, and are supported by internal buttressing.

Only about 2 % of the collected specimens of this species

are encrusted.

These taxa are the main benthic components of Turonian

deposits in the areas investigated, and thus they form

characteristic biofacies manifested by great abundance

(e.g., a few dozen individuals of C. subrotundus can be

found on bedding surfaces measuring several hundred

cm2). A few dozen C. minimus individuals can also be

found in a 1-kg bulk sample. This high abundance of

specimens allows for the formation of an echinoid ‘‘shell-

ground’’ (e.g., Dodd and Stanton 1990; Zuschin et al. 1999;

Zuschin and Baal 2007). Locally, the Turonian sea floor

was densely covered by dead echinoid tests forming a

carpet available for colonization by encrusters.

Analysis of epibiont numbers on the two echinoid spe-

cies shows no statistical difference (H(2,n = 3,900) = 1.81,

p = 0.404); therefore, results from the two echinoids are

combined in subsequent analyses.

Characteristics of the encrusters

In total, ten taxa encrusted the echinoid tests. In most cases,

they were identified to a higher taxonomic level (Table 1).

The encruster assemblages (Table 1) include foraminifera,

sponges, corals, bivalves, sedentary polychaetes and bry-

ozoans, as well as unidentified specimens that most prob-

ably belong to the known taxa (Fig. 4). The highest

diversity was found in Glanów, where all the taxa men-

tioned above occur. At the remaining localities, only one or

two taxa were identified. Bivalves and polychaetes are
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Fig. 2 Scheme of partitioning of echinoid tests for planar projections used in the present study

Fig. 3 Examples of investigated echinoid substrates; a Conulus subrotundus. b Camerogalerus minimus. Scale bar 1 cm (a) and 1 mm (b)
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among the most widely distributed organisms, while corals

and bryozoans are known only from a single locality

(Glanów). All assemblages are dominated by suspension-

feeders, of which the corals occupy the highest trophic

level. Bryozoans and sponges are the only colonial and

clonal organisms; some sabellid polychaetes were found

aggregated, while the corals, foraminifera, and spirorbins

are exclusively solitary. Solitary organisms dominate over

colonial ones (Table 1).

The smallest encrusters are tiny agglutinating forami-

nifera identified as Acruliamina sp., along with other,

unidentified forms. The Acruliamina specimens resemble

those reported by Žitt and Nekvasilová (1996) as A. longa

(see also Hercegová 1988), which is typical for Turonian

nearshore environments.

Bivalves are represented by Atreta and other unidenti-

fied forms (Fig. 4a, b). Most Atreta specimens are very

similar to Atreta sp. 1 of Žitt and Nekvasilová (1996), a

taxon also noted by Kudrewicz (1992) encrusting Santo-

nian echinoids from southern Poland. The unidentified

bivalves may also include oyster-like forms. Only the

attached valves are preserved and thus some taxonomically

important features are lacking.

Bryozoans are represented by the form-genus Berenicea

with millimeter-sized, sheet-like colonies (Fig. 4c). These

colonies cannot be determined to the genus level due to the

absence of the taxonomically crucial gonozooids (e.g.,

Taylor and Sequeiros 1982).

Probable sponges (Fig. 4d) are represented by an

unidentified taxon, most probably a calcisponge. They are

characterized by irregular and asymmetrical branches, and

are among the largest encrusters within the assemblage,

with branches more than 1 cm in diameter.

Coiled sedentary polychaetes (Fig. 4e, f) are represented

by both dextrally (clockwise, Fig. 4e) and sinistrally

(anticlockwise, Fig. 4f) coiled tubes of spirorbins, assigned

to the genus Neomicrorbis. They are very similar to

N. subrugosus from the Upper Cretaceous of western

Europe (Jäger 1983, 2004). Similar forms were also noted

in the Santonian of Spain by Zamora et al. (2008). It is

worth noting that although true spirorbins became common

in the Cenomanian (Jäger 1983; Vinn and Taylor 2007),

they were not reported from around Cenomanian/Turonian

boundary sections in the neighboring Czech Republic by

Žitt and Nekvasilová (1996). Their presence in the Turo-

nian of Poland in larger numbers than ever before deserves

attention, reflecting an important ecological step towards

the formation of modern-type encrusting communities

(Zatoń and Vinn 2011).

Other polychaetes are represented by thin, smooth tubes

of the calcareous sabellid Glomerula, well known from

Poland and other regions (e.g., Radwańska 1996).

Table 1 List of encrusting taxa with their frequency and distribution between investigated localities

Taxa Frequency Locality (?present/-absent)

Number of specimens Number of tests

Individuals Percenta Individuals Percenta Glanów Trojanowice Kostrze Tyniec Jeziorzany

Bivalvia 66 34 58 25 1 – – 1 1

Atreta sp. 11 6 11 5 1 – – – –

Bivalvia indet. 55 30 48 21 1 – – 1 1

Polychaeta [46b 24 111 48 1 1 1 – –

Neomicrorbis sp. 27 15 24 11 1 1 – – –

Serpulidae indet. [19b 10 91 40 1 – 1 – –

Foraminifera 37 19 24 10 1 – – – 1

Acruliammina sp. 35 19 22 10 1 – – – 1

Foraminifera indet. 2 1 2 1 1 – – – –

Anthozoa 3 2 3 1 1 – – – –

Octocorallia indet. 1 1 1 *0 1 – – – –

Hexacorallia indet. 2 1 2 1 1 – – – –

Bryozoa 12 9 11 6 1 – – – –

‘Berenicea’ 12 7 11 5 1 – – – –

?Porifera 18 6 13 5 1 – – – 1

?Calcispongiae indet. 18 10 13 6 1 – – – 1

Epibiont indet. 12 6 11 5 1 – – 1 –

a Rounded off to one percent
b Such number are lowered, because of counting method, treating multi-individual occurrences as a single individual
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Corals are restricted to the Glanów section and are

preserved only as bases, thus their precise identification

is precluded. Both hexacorals (Fig. 4g) and octocorals

(Fig. 4h) can be recognized, the latter resembling

the parataxon Octobasis (Małecki 1982). Based on the

co-occurring skeletons and comparisons with the literature,

these hexa- and octocorals resemble the genera Parasmilia

and Moltkia, respectively. They are well-known encrusters,

for example in the Upper Cretaceous of England and

Poland (e.g., Gale 2002; Pugaczewska 1965).

Distribution of encrusters

Nearly all surfaces of echinoid tests were utilized by

encrusters (Figs. 5, 6, 7, 8) while each formed a specific

‘‘microhabitat’’ sensu Ronowicz et al. (2008). Lateral sides

of tests were preferentially encrusted, as is shown in the

plane projections (Figs. 5, 6). The periproct was found to

be encrusted only on one test, where a bivalve is cemented

to its rim. Looking at the entire assemblages, the highest

frequency of encrustation is observed in sectors B, C, and

D in interambulacral columns (Fig. 8). Among these sec-

tors, there are no strong preferences by particular taxo-

nomic groups of encrusters (Fig. 6). The greatest diversity

of encrusters was recorded on sectors B and C. With the

exception of ambulacrum I (Fig. 7), a larger number of

epibionts is observed on interambulacra than on ambulacra.

This corresponds with the pattern of clypeasteroid echinoid

encrustation by barnacles reported by Santos and Mayoral

(2008). Trends in the distribution of a number of epibionts

on echinoid test surfaces are demonstrated in Fig. 2 of

ESM3. Differences in encrustation between all the sectors

(H(9,n = 3,450) = 151.83, p \ 0.001) but also between

horizontal (H(4,n = 3,900) = 44.88, p \ 0.001) and lateral

(H(9,n = 3,450) = 48.90, p \ 0.001) zones were statistically

significant. Comparisons of orientation of echinoids

(n = 48) as preserved in geological sections with positions

of epibionts on their tests (n = 20), demonstrates that in

normal and lateral orientations of the tests, sectors from B

to E were encrusted. In echinoids preserved inversely (top

down) encrusters were noted only in sectors B and C.

Moreover, in echinoids preserved ‘‘top down’’, encrusters

are commonly dispersed.

Few tests have high encruster density and diversity

(Fig. 9). More than 70 tests have only one epibiont, while

tests bearing more than one encruster are significantly

fewer (Fig. 9a). About 160 tests have one encrusting taxon,

while those with three taxa are rare (see Fig. 9b).

Fig. 5 Planar projections of echinoid test showing epibiont distribution, their abundance (a; n = 102) and taxonomic diversity (b; for n = 89)

Fig. 4 Selected encrusters on the echinoid tests investigated: a,

b Bivalves. c Cyclostome bryozoan colony. d Probable calcisponge.

e, f Spirorbin Neomicrorbis sp. g, h Corals preserved as hexacoral

(g) and octocoral (h) bases. All specimens come from the Lower

Turonian (M. labiatus zone) of the Glanów section. a–c and e–h are

ESEM photographs and d is a digital microphotograph. Scale bar
1 mm

b
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Numerically, the most abundant encrusters are bivalves

and serpulids, accompanied by foraminifera. The rest of the

taxa are accessory (Fig. 10). Corals are represented by one

or two specimens, while there are hundreds of individuals

of bivalves and polychaetes. If encruster dominance is

evaluated by the number of encrusters, bivalves (34 %),

followed by polychaetes (24 %), and foraminifera (19 %)

are dominant. In contrast, if dominance is evaluated by

counting the number of encrusted tests, polychaetes are

dominant (48 %). Polychaetes occur on nearly half of the

collected tests, while bivalves encrusted 25 % of the tests

and foraminifera only 10 %.

An increase in the number of encrusted tests coincided

with the decrease in the preservational state of the

echinoids (Fig. 11), but this relationship was not statisti-

cally significant (R2 = 0.73, p = 0.06).

No evidence of competition for space among the pre-

served encrusters was found. The single example of a

bivalve overgrown by a serpulid clearly occurred after

death of the bivalve as the serpulid grows over the interior

surface of the cemented valve, postdating disarticulation of

the bivalve (Fig. 4b). Other types of encrustation (Fig. 12),

transient between a test and sediment or confined only to

sediment also were noted in our material. Epibionts are

variously preserved (Fig. 13), the most common being

fragmentary preservation, followed by preserved attach-

ment bases and their remains, followed by complete

specimens. Such a range of preservations is indicative of

Fig. 6 Planar projections of echinoid test showing frequency of distribution of selected higher epibiont taxa: bivalves (a; n = 30), foraminifera

(b; n = 26), bryozoans (c; n = 7) and spirorbins (d; n = 18). Explanations as in Fig. 5
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shallow-water sites (e.g., Richardson-White and Walker

2011). As in the encrusters, fragmentation and other

damage can be recognized in the host echinoids (see also

Zuschin et al. 2003), comprising disarticulation, dissolu-

tion, corrasion (e.g., Brett and Baird 1986; Hageman et al.

2004), pitting (e.g., Radwański 1965), flattening (e.g.,

Briggs 1990; Hageman et al. 2004), chalky surfaces (e.g.,

Kowalewski 1990; Smith and Nelson 2003), and karstifi-

cation. This preservational variation in both echinoids and

their encrusters suggests different taphonomic scenarios. In

addition to whole articulated tests, we also found flattened,

fragmented, and abraded/partially dissolved specimens.

In most cases, fragmentation, as well as flattening of

echinoids, can be ascribed to compaction, which is also

underlined by signs of pitting. There is no strong rela-

tionship between the number of encrusted tests and their

preservation. This excludes rapid burial after encrustation

and suggests that time of exposure is unrelated to encrus-

tation intensity. Additionally, it also points to a strong

influence of diagenetic processes, whereby the worst state

of preservation may have been generated by compaction or

dissolution. We found that echinoids without epibionts do

not differ in preservational condition form those which are

encrusted. Additionally, it is clear that transport occurred

before and after encrustation, which is evident in both

abraded encrusters and encrusted and non-encrusted tests.

Abundances of encrusters (all data: F(1, 97) = 2.33,

p = 0.129, n = 70; standardized to equal samples size:

F(1, 56) = 2.41, p = 0.125, n = 29) and taxa richness (all

data: F(1, 174) = 0.03, p = 0.852, n = 126; standardized to

equal samples size: F(1, 98) = 0.41, p = 0.522, n = 50) do

not correlate with the different states of preservation of the

echinoids. Another test showed that abundance (R2 =

0.005, p = 0.695, n = 29) and taxa richness (R2 \ 0.001,

p = 0.954, n = 50) are unrelated to echinoid test size.

Fig. 7 Mean values (with standard error) of epibiont abundance in

particular echinoid test columns. Explanation of symbols in Fig. 3

Fig. 8 Mean values (with standard error) of epibiont abundance in

particular echinoid test sectors. Explanation of symbols in Fig. 3

Fig. 9 Abundance (a) and diversity (b) of encrusters per echinoid test
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Also abundance and taxa richness are rather poorly corre-

lated with each other (R2 = 0.24, p \ 0.001, n = 27).

Abundance (Fig. 9a) and taxon richness (Fig. 9b) related to

single echinoid tests show a different pattern. All echinoid

tests with six epibionts are poorly preserved. Preservational

states 1–3 showed a larger variety of encruster abundances.

Similarly, with respect to micro-alpha diversity (on single

tests), slightly higher levels were found exclusively on

poorly preserved hosts. Echinoid tests with highest

encruster diversities (i.e., three taxa) all belong to preser-

vational state 4 (see also Fig. 14).

The encrusters were small-sized organisms, exemplified

by spirorbins (Fig. 15a) and bivalves (Fig. 15b), rarely

exceeding 1 cm in diameter. The populations are devoid of

tiny juveniles, which can be regarded as a preservational

bias. The small size of colonizers probably reflects the high

mortality of young individuals. The visual inspection of the

plot of three measurements of encrusted echinoid tests

(Fig. 16) shows that there is no strong preference by the

encrusters for test size.

Tests ranging in size from a few mm to more than 4 cm

were available for colonization. Size variation represents a

near-normal distribution. Relationship between encruster

sizes and sizes of the host echinoids was not statistically

significant for spirorbins (R2 = 0.001, p = 0.939), but was

strongly significant for bivalves (R2 = 0.72, p \ 0.001).

Visual inspection showed that, on average, the area of the

echinoid test coverage does not exceed a few percent of the

total test surface. This could be recognized as opposite to

‘‘intensification effect’’ sensu Pineda and Caswell (1997)

and may be called by analogy as ‘‘loosening effect’’. Apart

from serpulids, other epibionts, such as three bivalve bases,

rarely are in close proximity to each other, suggesting a

lack of gregariousness.

Bioclasts apart from the echinoid tests studied here show

only occasional encrustation. The co-occurring small reg-

ular echinoid Salenocidaris granulosa, was found to be

free of epibionts. The numerous marginal plates of goni-

asterid asteroids at the Glanów section are covered only by

serpulids, like those found on the echinoids, which occa-

sionally cover articulation surfaces. The bulk samples,

Fig. 10 Percentage of particular encrusting groups in the assemblage according to two sampling variants: number of encrusting individuals

(a) and number of encrusted echinoids tests (b)

Fig. 11 Relationship between the number of encrusted echinoid tests

and their state of preservation (1—complete tests without signs of

fragmentation or disarticulation, 2—complete tests with weak taph-

onomic signatures, 3—specimens with [70 % of test preserved, 4—

test fragments ([50 %), crushed and/or compacted, 5—less than

50 % of test preserved)
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except for some corals, yielded no encrusters similar to

those on the slab surfaces. Quartz pebbles were also found

to be free of encrusters. These data show that echinoids

provided the principal substrates for encrusters.

There are no signs of epibiont succession through time

(H(3,n = 3,900) = 1.55, p = 0.670), even in the best sampled

collection from Glanów. Microencrustation (e.g., Reolid

and Gaillard 2007; Reolid et al. 2007) was generally not

found in the investigated material with the exception of

tiny foraminifera, regarded as microencrusters by some

authors.

Interval I at Glanów was probably the oldest sampled

and contained sponges, octocorals, and foraminifera, while

other taxa appeared in interval II and following intervals.

Worthy of mention is the fact that during the first interval

only 11 tests were found to be encrusted, while during the

next interval more than a hundred tests were encrusted. A

distinct encruster bio- and taphofacies could not be rec-

ognized. This is probably due to the small number of

encrusted tests from localities other than Glanów, and

strong homogenization within each sampled interval at

Glanów. The same factors may explain the lack of any

encruster succession.

Interpretation and discussion

Patterns of encrustation

Encrustation intensity (EI) is similar to ‘‘success of

encrustation’’ sensu Nebelsick et al. (1997) and may be

regarded as colonizer-inherent or ecosystem-inherent. This

important parameter has implications for reconstructing

productivity in the fossil record (e.g., Lescinsky et al. 2002

and references therein; see also Rodland et al. 2004). If

tracked through time and space, it can potentially serve to

test macroevolutionary and macroecological hypotheses. In

the encrusted Polish Turonian echinoids studied here, a

rather low intensity of encrustation was observed relative

to the number of encrusted echinoid tests. Also evident is

the small surface coverage (0–5 %), i.e., ‘‘light encrusta-

tion’’ seen also in some other skeletobionts (e.g., Brandt

1996; Zhang et al. 2009; Key et al. 2010; Rakociński

2011). This contrasts with the ‘‘heavy encrustation’’ (over

50 %; e.g., Kudrewicz 1992; Nebelsick et al. 1997;

Schneider 2003; Zamora et al. 2008).

EI values vary between particular localities as well as

between the two encrusted echinoid species. Of about 300

specimens of small C. minimus, only six were encrusted

(EI = 2 %). Assuming that the echinoid tests approximate

ideal spheres with a diameter of 3 cm, the collected

material provided a substrate of a few square meters for

encrustation. If this estimate is restricted to tests with

documented encrustation, it gives ca. 2 m2 of an available

area for colonization. Of course, this area was not all

available at any one time.

Encrustation intensity to date has been largely explained

in two ways: as a result of different times of exposure on

the sea floor, and of variations in productivity. Addition-

ally, disturbance of the substrate and removal of epibionts

from the host have also been taken into account (e.g.,

Wilson 1985, 1987; Rodland et al. 2006). In the case of the

Polish Turonian echinoids, a scenario of low productivity is

probable. However, factors such as sediment resuspensions

preventing or lowering encrustation intensity as well as

pre-occupation of substratum surfaces by unpreservable

Fig. 12 Percentages of particular types of encrustation (for 271 encrustations). Numbers of encrustation for particular types are given in

parentheses

Fig. 13 Abundance (a; n = 107) and diversity (b; n = 187) of

encrusting organisms in particular taphonomic classes of the host
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encrusters cannot be excluded with certainty on the basis of

investigation of fossil material.

Productivity

Data concerning the relationship between productivity and

encrustation intensity is scarce. However, Lescinsky et al.

(2002) found a correlation between productivity and

encrustation intensity in a study of molluscs from the Java

Sea (Indonesia). If productivity was the primary control in

the Polish Turonian, we would expect a low to medium

intensity of encrustation and low/moderate percent coverage

in view of the paleogeographical location and geologic age.

Living host colonization

The possibility of preferential encrustation of living echi-

noids (cf. Rodland et al. 2006) may be excluded in our case

because encrustation of test oral surfaces and periprocts, as

well as lack of stereom malformations, shows that the

echinoids were dead.

Erasure

Erasure of epibionts produces a taphonomic artifact (see

e.g., Rodland et al. 2006), masking the true intensity of

encrustation and abundance of encrusters. However, the

‘‘cleaned’’ substrate may be later re-encrusted. This sce-

nario is excluded here because many of the Polish Turonian

echinoids are characterized by the same taphonomic his-

tory and the same state of preservation. It is improbable

that in two nearly identical echinoids their epibionts,

characterized by the same taphonomic properties, were

selectively removed. Additionally, the most fragile epi-

bionts (tiny serpulids and foraminifera) are dominant and

important components of the assemblage. Thus, the pres-

ervation of such delicate forms in great numbers excludes

the possibility that encrusters were removed.

Limited exposure

Intensity of encrustation is often linked with time of

exposure of the substratum and taphonomic processes in

general are related in some way to the degree of exposure

(e.g., Powell et al. 2011). It is predicted that substrates

exposed for longer on the sea floor, including redeposited

substrates, will have a greater chance to be colonized/

recolonized or more heavily encrusted (e.g., Reolid et al.

2005; Rodland et al. 2006). Also substrate size may be

significant for exposure time, with larger substrates being

exposed for longer. Recent experiments using artificial

settlement panels in the Arctic (e.g., Barnes and Kukliński

2005) have shown a nearly linear correlation between the

number of colonizers and time of substrate exposure. They

also demonstrated that encrustation is a rather quick

Fig. 15 Size histograms of selected groups of episkeletozoans. a Spirorbins. b Bivalves

Fig. 14 Relationship between number of encrustations and encruster

preservation (n = 258). Letters denote state of preservation of

encrusters: K complete specimens, N incomplete epibionts, F small

fragments, P bases and attachments, S traces of encrustation
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process. In our case, sedimentation breaks enabling a long

persistence of dead echinoids on the sea floor were absent.

Redeposition episodes that might have increased the

chances of previously non-encrusted echinoids to become

re-exposed for colonization are unknown. However, Rod-

land et al. (2006), based on dated subfossil brachiopods,

proved that time of exposure does not matter. Additionally,

actualistic data suggest that within a few days the pre-

servable taxa can settle. It is also important that our

encrusted echinoids were on the sea floor at the time of

death due to their epifaunal mode of life. Quantification of

host preservation, although not providing a strong statisti-

cal signal, suggests that poorer preservation, partly caused

by longer exposure time, is not a primary determinant.

Disturbance

This process (e.g., Osman 1977; Sousa 1979a, b; Wilson

1985, 1987) may itself explain various parameters, such

as percent of coverage or diversity of encrusters but rather

not EI. As the substratum was frequently overturned, and

probably also the ephemeral echinoid substrate, the latter

were encrusted more than once while lying on the sea

floor. This is supported by the observation that on some

of the echinoid tests, the epibionts are occasionally dis-

tributed on different surfaces, occupying two or three

opposite poles. Such patterns exclude synchronous colo-

nization. This is because encrustation is a rapid and

repetitive process. If continuously overturned, echinoids,

together with other biogenic material, would probably be

destroyed and never preserved, rather than preserved non-

encrusted.

Size, shape, and texture of a substrate

The model predicts that heterogeneous substrates (i.e.,

those that are more diverse in shape, texture, lithology, and

are larger) should be more densely covered or might be

settled by a more diverse fauna (e.g., Santos and Mayoral

2008; Grzelak and Kukliński 2010; Sørensen and Surlyk

2010). This in consequence may also explain the fouling

ratio. However, here we argue that the main substrate was

relatively homogeneous because it consisted of only one

species, showing slight morphological variability. Because

our material was nearly homogenous with respect to shape

and texture, all the tests would to have had the same

probability of being encrusted. We therefore rule out the

heterogeneity model as the sole explanation for the present

case.

In summary, we conclude that EI here was most

probably the result of low productivity. However, the

significance of other factors such as brief time of expo-

sure, resuspensions, or disturbance, cannot be excluded

unambiguously.

Abundance and diversity of encrusters

Distribution patterns of encrusters are considered to be

determined by both environmental (physical) and biologi-

cal factors (Perry and Hepburn 2008). These factors are

known to act jointly in many instances and are commonly

difficult to disentangle. Here, a few most important patterns

are discussed.

The reported assemblages of encrusters are of low

diversity, the same as the associated benthic organisms at

the investigated sites. It is especially evident when biodi-

versity data is compared with literature sources. For

example, Zatoń et al. (2011) noted at least 26 epilithozoan

Fig. 16 Size histograms of encrusted echinoid tests (n = 55)
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taxa on Middle Jurassic hiatus concretions from Poland.

Palmer (1982) noted 13 taxa for the most diverse Creta-

ceous hardground and showed that total species richness at

that time was higher than during the Triassic, and lower

when compared to the Jurassic. In general terms, Bambach

(1977) pointed out that a mean of 7.5 species are expected

in Mesozoic high stress communities, while in variable

nearshore and open-marine settings, 17 and 25 taxa are

predicted, respectively. As was pointed out by McKinney

(1996), fossil assemblages of shell-encrusting communities

commonly have low diversity (mean = 8). This is com-

parable to the diversity of fossils in high-stress marine

environments, such as the intertidal zone and estuaries for

various parts of the Phanerozoic (Bambach 1977). If our

values for the higher taxonomic ranks used here are com-

pared to the data of Bambach (1977), the Late Cretaceous

encrusters would be placed between high stress and vari-

able nearshore environments. Bambach’s (1977) estima-

tion, however, refers to all taxa, not only encrusters. Thus,

it is difficult to compare our values directly with his fig-

ures. From the Recent, such low values were noted for

example from the brackish encrusting environment of the

Gdańsk Bay of the Baltic Sea (Grzelak and Kukliński

2010). This suggests that the low diversity of 10 taxa in our

case, is the result of substrate homogeneity, as well as of

the state of preservation, rather than of the type of substrate

or location. Both Palmer’s (1982) data and the current

study stay in contrast with the data gathered by Žitt and

Nekvasilová (1996) who reported 29 and 23 species from

Cenomanian/Turonian nearshore settings nearly contem-

poraneous with our own. Their data, however, like those of

Zatoń et al. (2011), also come from substrates which

experienced longer exposure on the sea floor, are better

preserved, and thus could be resolved to lower taxonomic

units. However, our results are in accordance with Witman

et al. (2004), who showed that the number of species is a

consequence of processes acting on local and regional

scales. Importantly, our study also adds to their conclusions

that a time dimension in the fossil record must be taken

into account. We presented the data using two methods,

which are not congruent but suggest a moderate abundance.

Abundance, which is variously counted or expressed and

may be variously biased, is difficult to compare. Apart

from that, we showed a clear dominance of sedentary

polychaetes and bivalves and thus confirming Lescinsky’s

(2001, p. 461) general observation. Žitt and Nekvasilová

(1996) also showed that in their nearly contemporaneous

assemblages there was a dominance of two associations on

their studied rockgrounds: an oyster-bryozoan and a

bivalve-foraminifera association. Similarly, Olszewska-

Nejbert (2007) illustrated a dominance of serpulids and

bivalves in the Turonian/Coniacian material.

Size relation between the host and encrusters

The size of the substrate, that is the area for living, was

considered in numerous studies as one of the most

important factor shaping sessile communities (e.g., Pineda

and Caswell 1997; Reolid et al. 2005). In some cases, it is

also referred to as the ‘‘limited ecospace’’ (Jagt et al. 2007).

Osman (1977) pointed out that differences in diversity and

species composition may have resulted solely from size

differences of the substratum.

In this study, abundance, but also species richness of

encrusters, are independent of echinoid size. In general,

such a pattern could be explained as a result of random

epibiont recruitment on a post-mortem, homogeneously

shaped substratum during a particular time of low pro-

ductivity, the latter factor being the least important. The

investigated echinoids, dominated by one species, were

nearly homogeneous in shape, thus we may exclude shape

of the substrate as a factor influencing our encruster com-

munity. Heterogeneous substratum is more attractive for

settlers and thus increases diversity and abundance (e.g.,

Wilson and Taylor 2001; Zatoń et al. 2011). Our material

comes from Cretaceous deposits, where much fewer

encrusting taxa are found, as compared to other intervals,

where they are more diverse as (e.g., during the Jurassic;

Palmer 1982; Lescinsky 2001).

The lack of dominance of a particular size class or the

absence of the smallest classes of substrate should reflect a

stochastic encrustation, as suggested by a near normal

distribution of encrusted tests. This explains the rarity of

encrustation of the smallest echinoids, which is especially

true for a small C. minimus. This is supported, for example,

by Schneider (2003, p. 438), who found that the diameter

of the echinoid test with and without epibionts does not

differ significantly even in syn vivo encrustation. Using two

testing groups, we found that among epibionts there is no

host-size selection (=host-size preferences) in spirorbins.

By contrast, we found such a correlation with respect to

bivalves. This is probably an effect of substrate stability if

we assume that bivalves grow slower and need a more

stable substrate than spirorbins. For example, Spirorbis

needs only 3 days to attain 3 mm in diameter (Jagt et al.

2007). In our material, in both cases, encrusters developed

near-normal populations (Fig. 15), while the lack of

smallest size classes could be regarded as a taphonomic

bias. We know from visual inspections that very small

encrusters are present but too poorly preserved to be

measured. In this way it is hard to discuss the mortality

pattern in our assemblage, which in the cases of some

juvenile foraminifera may be high. Cornell et al. (2003)

observed normal populations of edrioasteroids but with a

small number of juveniles. They explained such a pattern

314 Facies (2013) 59:299–318

123



as seasonal recruitment influenced by environmental con-

ditions (see also Taylor and Wilson 2003).

Additionally, our data suggests a low-tier assemblage of

encrusters. The suspension-feeding epibionts primarily

lived at the scrub layer (sensu Palmer 1982), and only in a

few instances at the field and canopy layers, while the

ground layer was unexplored. Our reasoning is supported

by the size of the hosts, the small grain size of the sur-

rounding sediment and the fact that echinoids were a

principal component of the shelled benthos and thus served

as the main substrate for secondary tiering in the investi-

gated environments. Only corals profited from a higher

level while the other groups such as polychaetes and bry-

ozoans exploited lower levels. Additionally, in many

instances, the encrusting organisms in our assemblages did

not exceed a tier of even 5 cm, while during Cretaceous

higher tiers clearly existed (Bottjer and Ausich 1986).

Comparisons

When compared with other echinoid-dwelling assemblages

and other types of substrates, our assemblages are fairly

typical. Similarly to echinoids from other Polish localities,

as well as to some other examples (see also e.g., Kidwell

and Baumiller 1990; Rose and Cross 1993), echinoids from

the Turonian-Coniacian of Kazakhstan (Olszewska-Nejbert

2007) were also mainly encrusted by bivalves and serpu-

lids. Kudrewicz (1992) also mentioned the common

occurrence of bivalves and serpulids encrusting echinoid

tests, which suggests that this was typical of that time.

Zamora et al. (2008) found nearly the same assemblages in

the Santonian deposits of Spain.

With some quantitative and qualitative differences, Dzik

(1975), Kudrewicz (1992), and Małecki (1982) also found

similar encrusters to those noted by us in the Upper Cre-

taceous deposits of Poland. In contrast to our material,

Małecki (1982) observed a high frequency and diversity of

octocoral bases on Santonian echinoids. Dzik (1975), in

contrast, found a few taxa of bryozoans represented by few

individuals encrusting the Cenomanian echinoid tests. In

Cenozoic deposits, El-Hedeny (2007) noted the presence of

barnacles, oysters, spirorbins, and bryozoans, while Mikša

(2009) illustrated the presence of coralline algae, oysters,

and serpulids and Nebelsick et al. (1997) reported bryozo-

ans, polychaetes, barnacles and coralline algae. These data,

together with those of Santos and Mayoral (2008), suggest

that taxonomic turnover in evolutionary time was a major

determinant of the composition of particular assemblages,

and other factors such as substrate characteristics (its size

and shape) were of minor and/or limited significance. This

is also strongly supported by Schneider (2003) who reported

very different assemblages on Carboniferous individuals.

Thus minor factors such as substrate features only selected

or excluded some groups from the available pool and

shaped their proportions in particular cases. Our findings,

complemented with others from the literature, indicate that

the Early Turonian in Poland records the penultimate step in

the emergence of ‘‘modern-type’’ encrusting communities.

It is the first peak in the abundance of spirorbins after their

origination in the Late Jurassic or Early Cretaceous. On

Santonian echinoids, Zamora et al. (2008) found spirorbins

on 34 % of a total of 100 echinoid specimens. Comparing

these cases with ours suggests a higher diversity of encr-

usters in geologically younger communities due to the

presence of algae and barnacles that are lacking in our

assemblages. In contrast, our assemblages most probably

contain sponges. Our data contrast with those from the

Recent, mainly due to the absence of non-preservable

groups in the fossil record (Nebelsick et al. 1997), such as

hydrozoans found on Mediterranean echinoids. Difference

between our assemblage and modern examples is also

manifested by the occurrence of sabellids represented by

Glomerula. In our Turonian communities, as in other

Mesozoic ones (e.g., Vinn and Wilson 2010), sabellids were

a dominant encrusting group, while they are low in abun-

dance or even absent in Recent hard substrate communities.

Probably they were replaced by other clades such as spi-

rorbins, which are one of the dominant encrusters in modern

fouling assemblages around the world. In general, Recent

encrusting faunas are dominated by common bryozoans,

calcareous polychaetes, sponges, ascidians, hydrozoans,

corals, and barnacles (e.g., Bowden et al. 2006). Linse et al.

(2008) found 51 species of epibionts belonging to ten

classes on echinoids from Antarctic settings, with bryozo-

ans as the most diverse group and polychaetes as the most

abundant biota. This is very similar to our case, except for

bryozoans which are rare and not diverse in our assemblage.

Conclusions

Our study is based on a rich new material of echinoids

collected from five localities in southern Poland, repre-

senting a transect of 35 km of the Turonian sea. Two

species of presumed epibenthic irregular echinoids,

C. subrotundus and C. minimus, were found to be encrus-

ted, while other litho- and bioclasts were found to be barren

or only rarely encrusted. Encrustation patterns are pre-

sented for the first time on echinoneid and holectypoid

echinoids and on Turonian echinoids in general, as well as

on other hard substrates from the Turonian of Poland.

Encrustation was an entirely post-mortem phenomenon,

the abundant dead echinoids forming ‘‘shellgrounds’’ or

‘‘echinoid carpets’’ in a soft-bottom, shallow-marine envi-

ronment. Dominant encrusters were sabellids and bivalves

Facies (2013) 59:299–318 315
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(see also Lescinsky 2001). The assemblages are character-

ized by a moderate abundance, low diversity, low intensity,

and low area coverage (density). We found diversity and

abundance of encrusters to be independent of each other, and

none of these parameters was related to substrate size. Epi-

skeletozoans represented a low tier at ground and field lay-

ers. The encrusting assemblages are quite similar to near

contemporaneous ones from the Bohemian Basin, but in fact

they are less diverse than the latter assemblages.
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Geol Paläont, Abh 258:31–38

Wahl M (1989) Marine epibiosis. I. Fouling and antifouling: some

basic aspects. Mar Ecol Progr Ser 58:175–189

Wahl M (ed) (2009) Marine hard bottom communities: patterns,

dynamics, diversity, and change. Springer Ser Ecol Stud 206:1–

420

Walaszczyk I (1992) Turonian through Santonian deposits of the

Central Polish Upland; their facies development, inoceramid

paleontology and stratigraphy. Acta Geol Polon 42:1–122

Wilson MA (1985) Disturbance and ecologic succession in an Upper

Ordovician cobble dwelling hardground fauna. Science 228:575–

577

Wilson MA (1987) Ecological dynamics on pebbles, cobbles, and

boulders. Palaios 2:594–599

Wilson MA, Taylor PD (2001) Palaeoecology of hard substrate faunas

from the Cretaceous Qahlah Formation of the Oman Mountains.

Palaeont 44:21–41

Witman JD, Etter RJ, Smith F (2004) The relationship between

regional and local species diversity in marine benthic commu-

nities: a global perspective. Proc Nat Acad Sci USA 101:15664–

15669
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