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INTRODUCTION

The study of stromatoporoid paleo-
ecology allows workers to investigate both 
the fundamental environmental controls on 
these hypercalcified sponges and their wider 
paleoenvironmental significance in Paleozoic 
sedimentary rocks. The two principal objec-
tives are as follows.

1. To determine how stromatoporoids 
lived, what controlled them, and how they 
varied through geological time. 

2. To apply stromatoporoids to address 
interpretations of paleoenvironments at a 
variety of spatial scales (from individual 
fossils to entire reef systems).

The second main objective is the principal 
focus here, with treatment of paleoenviron-
mental controls of stromatoporoid distribu-
tion, aspects of community-scale ecology, 
and the role of stromatoporoids in wider 
(global) applications, such as changing sea 
level. For further information, the reader is 
directed to Treatise Online, Part E, Revised, 
Chapters 9B (External Morphology: webby 
& KerShaw, 2011) and 9F (Functional 
Morphology: Stearn, 2010), on Paleozoic 
stromatoporoids. Those sections contain 
data on substrate preferences and growth 
banding and refer to case studies that may be 
studied in conjunction with the information 
presented here.

KEY ASPECTS 
Interpreted as sponges, stromatoporoids 

were filter feeders presumed to have been 
subject to processes influencing supply of 
detrital organic matter. Modern hypercal-
cified sponges have little tolerance of fine 
sedimentary material (wörheide, 1998), 
so fossil stromatoporoids are presumed to 
be similar. However, Paleozoic stromatopo-
roids are found commonly in fine-grained, 

carbonate, sedimentary rock, which may 
include substantial amounts of siliciclastic, 
muddy material, though stromatoporoids 
are rare in clastic-only sedimentary rocks. 
Stromatoporoids are therefore presumed to 
have developed mechanisms to overcome 
the clogging effects of such sedimentary 
material. Evidence that this was achieved 
by growth above the substrate, thereby 
forming primary cavities, is clear in Devo-
nian stromatoporoids, but equivocal in 
the majority of Ordovician and Silurian 
examples. That stromatoporoids were able 
to survive so well on muddy substrates may 
have played a significant part in their success 
in middle Paleozoic settings, up to the Fras-
nian–Famennian extinction event. Evidence 
from individual stromatoporoids shows they 
often appeared to recover well from both 
episodic sedimentation (by growth from 
unaffected portions of skeletons), and also 
from disturbance (by reoriented growth atti-
tudes) (Fig. 1). Figure 2 shows the full range 
of results in stromatoporoids of processes 
that affected the sea floor when stromatopo-
roids were alive. Figure 3 shows the results 
of experimental work on the stability of 
major growth forms of stromatoporoids 
on different substrates and current regimes 
that may influence interpretations of their 
paleoecology.

Modern hypercalcified sponges grow at 
very slow rates (duStan & Sacco, 1982; 
benavidaS & druffel, 1986) and ecologi-
cally often occur as a cryptic fauna, subor-
dinate to corals in reef facies. In contrast, 
stromatoporoids dominated Silurian and 
Devonian reef facies and built skeletons 
that were commonly tens of centimeters in 
diameter. The largest published stromato-
poroid in the Devonian of Poland is 8.5 m 
in diameter (racKi & SobStel, 2004), but 
an even larger specimen of Actinostroma 
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expansum, 30 m wide and about 1.5 m 
thick, occurs in the Nora Member of the 
Shell Rock Formation (mid-Frasnian) 
near Rockford, Iowa (Carl Stock, personal 
communication, 2005). These large sizes 
imply that stromatoporoids grew at rates as 
least as fast as modern corals, yet there is no 
evidence that stromatoporoids contained 
symbiotic photosynthetic algae (notwith-
standing the views of KaźmierczaK, 1976; 
KaźmierczaK & Krumbein, 1983; and 
KaźmierczaK & Kempe, 1990, that stro-
matoporoids were cyanobacteria). Further-
more, modern sponges can grow well in 
nutrient-rich waters, in contrast to modern 
reefs (and, by analogy, fossil reefs), which 
are found in low-nutrient settings. Conse-

quently, with respect to growth rate and 
nutrient requirements and the implications 
for their ecology, the modern hypercalci-
fied sponges are only partially analogous 
to fossil stromatoporoids.

Stromatoporoids are most abundant in 
carbonate platform settings of various types, 
less abundant in clastics, reefs, and related 
facies, and they probably responded favor-
ably to low-nutrient conditions. They were 
apparently stenohaline (therefore normal 
marine) organisms.

OVERVIEW OF FEATURES
The following sections identify features 

of stromatoporoid paleoecology and present 
the current state of knowledge. Figures 2–6 

fig. 1. Longitudinal section of a specimen of Petridiostroma linnarssoni, Visby Formation, lower Wenlock, Gotland, 
that was collected in the field occupying a sideways orientation on the bedding surface; specimen shows interdigitated 
sediment through the skeleton, which may be interpreted as indicating small-scale episodic sedimentation between 
the successive phases of upward growth of the organism while it occupied a muddy environment. Then a sudden 
reorientation occurred, with a rotation of 90º to the left, as a result of storm action, and in the following recovery, 
the skeleton can be seen to have resumed growth on upper slopes in its final orientation prior to final burial (new).
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give key information about the paleoenvi-
ronmental controls on stromatoporoids.

GROWTH FORM DEVELOPMENT

Stromatoporoid early growth often formed 
sheetlike skeletons across the substrate, and 
subsequent growth was concentrated in 
central areas, producing a smooth, nonen-
veloping profile (KerShaw & riding, 1978); 
uncommonly, others are fully enveloping 
(see webby & KerShaw, 2011, p. 7). The 
resulting basal surfaces of skeletons display 
concentric ridges where successive overlap-
ping layers touch the substrate, enhanced 
into minor ragged edges, which may be due 
to a little sedimentary material collected on 
the edges as successive layers grew. Form 
usually changed as individuals grew: early 

growth of a stromatoporoid was commonly 
laminar, with later growth focused in central 
regions to form a domical shape. Some 
samples, which have a final bulbous form, 
are observed in longitudinal section to have 
gone through laminar and then domical 
forms in the process. Therefore, determi-
nation of growth form should take into 
account such changes in growth form history 
within individual specimens, where they 
are visible in cut sections; individuals of 
the same species within an assemblage may 
display different growth forms if they died 
before the final form could develop, and 
species-level taxonomy is crucial in such 
investigations. An example of the history of a 
single specimen in relation to environmental 
influences is given in Figure 1.

fig. 2. Fossil stromatoporoid skeleton geometries demonstrating events affecting sea bed during life and in early 
postmortem, prior to final burial. a, Living stromatoporoid prior to burial; b, completely buried; c, partial burial 
with flank recovery, but the flanges of skeleton may have grown into the water to form original cavities (see webby 
& KerShaw, 2011); d, death without burial may be suspected for cases with epifauna but may instead have been 
buried then exhumed; e, dislocation during life is recorded in changes of growth attitude; f–g, variations of degree 
of damage to stromatoporoids on the sea floor, either during life or soon after death, and such taphonomic informa-

tion may be valuable in paleoenvironment reconstruction (new).
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fig. 3. Results of experimental work on model stromatoporoids illustrating the range of behavior of simple-shaped 
forms under steady and surge current influence on sand and mud substrates. Models were not fixed to the substrate, 
emulating fossil stromatoporoids. The data show that stromatoporoids are more stable on muddy substrates; this 
is circumstantial evidence that may partly account for their common occurrence on such substrates. Stability is 
inherent in the common low- to mid-domical shapes, and the slow currents used in these experiments serve to 
emphasize the important role of obstructions, which prevented movement of fossil stromatoporoids in reefs in many 
cases. Responses of more complex forms were not tested, and divergence from this simple pattern is expected; V, 
maximum vertical dimension; B, maximum basal dimension; W, maximum width in bulbous forms (therefore not 
the base); ø (phi), grain size of the sediment from international standards of grain size (Kershaw, 1998; reproduced 

with kind permission of the Palaeontological Association).

PHOTOTROPISM AND DEPTH

Circumstantial evidence that stromato-
poroids were photoresponsive employs 
s i ze  and growth ra te s  in  re la t ion to 
modern coral-dominated reef systems 
(ba a r l i ,  Jo h n S o n,  & Ke i l e n,  1992; 
wood, zhuravlev, & debrenne, 1992), 
morphology (Klovan, 1964), and asso-
ciation with algae (e.g., baarli, JohnSon, 
& Keilen, 1992). In contrast, although 
modern sponge biomass (noncalcified 
types only) may be 50% bacteria (willenz 
& hartman, 1989), these are not photo-
sensitive. In Devonian stromatoporoid 
morphotype data, laminar and tabular 
forms are more common in fore reefs than 
in other large domical-bulbous-irregular 
forms. Laminar forms grew better in the 
finer sediment, deeper water facies of the 

Canadian Leduc reefs (and also occur 
in back-reef facies), while massive and 
subspherical forms (domical, bulbous, 
and irregular) dominate reef facies and 
are less common in fore reefs (Klovan, 
1964). Geopetally constrained, fore-reef, 
paleoslope data in the Canning Basin reef-
rimmed shelves (playford, 1980; play-
ford & cocKbain, 1989) imply depths 
comparable to modern reef systems (the 
earliest deep water, laminar stromatopo-
roids are Ordovician; bourque & amyot, 
1989, p. 255); laminar shape at depth 
could have collected more light, as in some 
modern corals. Arguments favoring algal 
(=?microbial) symbiosis (e.g., cowen, 
1988) are circumstantial ,  and papers 
that record deeper water, laminar forms 
(Klovan, 1964, at Redwater; KrebS, 1974, 
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in Europe; KobluK, 1975, at Miette—see 
wilSon, 1975, p. 144) do not contain 
sufficient species-morphotype information 
to demonstrate flattening at depth within 
a species. Also, low profile is common in 
stromatoporoids and may relate instead 
to sedimentation rate and substrate type, 
similarly poorly investigated.

PALEOENVIRONMENTAL 
DISTRIBUTION

Stromatoporoids with diameters up to 
tens of centimeters grew in deeper facies, 
lagoons, and small reefs, and up to several 
meters in larger reefs and mounds, and they 
occupy up to 90% of reef volume (machel 
& hunter, 1994, p. 162). Stromatoporoids 
were limited in deeper facies and in mud 
mounds, occurring uncommonly as small 
individuals (e.g., bourque & raymond, 
1989). Siliceous sponges played a role in 
deeper water mounds (e.g., brunton & 
dixon, 1994) and have been postulated as 
major elements of stromatactoid-rich mud 

mounds by bourque and gignac (1983, 
1986), but none of these are the calcified 
forms typified by the stromatoporoid skel-
eton. In contrast, stromatoporoids may be 
major elements of framestones, bafflestones, 
bindstones, and debris in both biostromes 
and bioherms (e.g., wattS, 1988a; Sønder-
holm & harland, 1989; riding & wattS, 
1991; JameS & bourque, 1992; de freitaS, 
dixon, & mayr, 1993; KerShaw, 1993; 
machel & hunter, 1994). Absence of a 
rigid frame is common in stromatoporoid 
reefs, and, except where bound by microbial 
growth (e.g., Devonian platform-margin reef 
limestones of the Canning Basin), presum-
ably could not withstand high energy (de 
freitaS, dixon, & mayr, 1993). They 
usually did not build up high reef profiles. 
Unbound stromatoporoid buildups are 
discrete objects (riding, 1981) made of 
closely juxtaposed fossils, called cluster reefs 
by riding (1990).

Nevertheless, stromatoporoids apparently 
grew best in the shallower, more turbulent 

fig. 4. Occurrence of stromatoporoid morphotypes and associated reef and interreef (level-bottom) faunas across 
Ordovician carbonate shelves. Thicknesses of fill patterns represent approximate relative abundances. Ordovician 
labechiid-dominated stromatoporoid morphotypes exhibit a wide range across carbonate banks. Stromatoporoids 
commonly occur with solenoporid-rich rudaceous carbonates. Level-bottom community dwellers (e.g., Mid-
Ordovician [Chazyan] Pseudostylodictyon and Upper Ordovician Aulacera) are the largest stromatoporoids. Note: 
the stromatoporoids are commonly associated with facies rich in microbial carbonates, algae, and solenoporids 

(compiled from various sources and based on the style presented in Kershaw & Brunton, 1999).
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waters of Paleozoic reefs, outcompeting 
corals and other organisms, and forming 
low diversity stands in the climax stages 
of reef development (e.g., wilSon, 1975), 
which is true in many biohermal reefs (e.g., 
the Silurian Högklint reefs of Gotland, 
Sweden: riding & wattS, 1991; Devonian 
reefs in South Devon, United Kingdom: 
Scrutton, 1977a, 1977b); but some excep-
tionally stromatoporoid-rich assemblages 
formed as biostromes in lower-energy, shelf-
ramp settings conditions in Silurian and 
Devonian platforms. Furthermore, monty, 
bernet-rollande, and maurin (1982) 
drew attention to the fact that although 
stromatoporoids are major reef-builders in 
the Devonian, they are not abundant in all 
cases. Presumption of shallow water may not 
always be justified. Summaries of the distri-
bution of stromatoporoids in Ordovician, 
Silurian, and Devonian facies are provided 
in Figures 4–6 respectively.

STROMATOPOROID TAPHONOMY

Impact damage to stromatoporoids can 
be observed both in Paleozoic-age events 
and in the presently occurring erosion of 
modern outcrops; recently eroded stro-
matoporoid clasts found in quarries and 
cliffs are similar in nature to their Silurian 
counterparts. Breakage is governed by form, 
degree of fixation to the Paleozoic seabed, 
the degree to which latilaminae are devel-
oped, and amount of diagenetic alteration 
of skeletons, especially along latilaminae. 
Skeletal breakage, as well as attitude in 
outcrop, may influence form recognition. 
Furthermore, the common effect of pressure 
solution degrades the margins of stromato-
poroids, so that marginal damage may not 
be preserved. Stromatoporoid taphonomy 
is, of course, crucial in paleoenvironmental 
analyses and underlies much of the analogy 
drawn between modern coral reefs and 

fig. 5. Occurrence of stromatoporoid morphotypes and associated reef and interreef (level-bottom) faunas across 
Silurian carbonate shelves. Thicknesses of fill patterns represent approximate relative abundances. Late Silurian, 
predominantly nonlabechiid morphotypes occur in a wider range of niches than Ordovician stromatoporoids and 
have a greater range of skeletal architecture and taphofacies variation. A wider variety of forms are evident in Silurian 
than in Ordovician bioherms; in Silurian biostromes, there are predominantly smooth, bulbous-to-high domical 
forms. Note: Silurian and Devonian reef-dwelling stromatoporoids both have a spatial and temporal association 
with photosymbiotic megalodontid bivalves and microbial carbonates, algae, and solenoporids (compiled from 

various sources and based on the style presented in Kershaw & Brunton, 1999).
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Devonian stromatoporoid reefs. Examples of 
the importance of taphonomic aspects are: 
(1) a delicate branching species of the genus 
Amphipora occurs as fragmented branches 
across Devonian reef complexes, and its 
preferred growth site is poorly understood; 
it is not known whether it was restricted to 
quieter waters of back-reef settings, or if it 
grew over a reef complex; (2) the very thin 
laminar genus Lophiostroma, in Ludlow 
biostromes on Gotland, is commonly found 
as fragments, because it is less robust than 
other stromatoporoids in the assemblage, 
affecting its preservation potential relative 
to other stromatoporoids. Most studies have 
been qualitative, but quantitative work (e.g., 
KobluK, 1974; KobluK, bottJer, & riSK, 
1977; KerShaw, 1990), especially where 
fragments are identified and size-classed, 
has much potential (KerShaw & brunton, 
1999); if, for example, the fragments show 
differences in taxonomic distribution from 

the in-place stromatoporoids, inferences can 
be made about fragmentation and transport 
in a stromatoporoid-bearing deposit.

STRATIGRAPHIC 
GROWTH FORM TRENDS

Ordovician and Silurian stromatoporoid 
growth forms are conservative, but expand 
to a modern-looking form distribution in 
the Devonian (andrichuK, 1958; fiSch-
buch, 1962). However, stromatoporoids 
lack the branching habit of the modern 
dominant reef coral Acropora. Ordovician 
and Silurian reefs are similar in struc-
ture and function and differ mainly in 
taxa (copper, 1988, p. 137). Many upper 
Silurian reefs resemble Devonian plat-
form margin systems and include impor-
tant elements of microbial binding (e.g., 
bourque & amyot,  1989). Devonian 
reefs (e.g., giSchler, 1995) may contain 
substantial submarine cement; the presence 

fig. 6. Occurrence of stromatoporoid morphotypes and associated reef and interreef (level-bottom) faunas across 
Devonian carbonate shelves. Thicknesses of fill patterns represent approximate relative abundances. Upper Devonian, 
predominantly nonlabechiid morphotypes have the widest range of morphotype distribution, skeletal architecture, 
and taphofacies. Late Devonian stromatoporoid morphotypes tend to have a wider variety of irregular forms and a 
greater tendency for encrusting than Silurian forms. Note: Silurian and Devonian reef-dwelling stromatoporoids both 
have a spatial and temporal association with photosymbiotic megalodontid bivalves and microbial carbonates, algae, 
and solenoporids (compiled from various sources and based on the style presented in Kershaw & Brunton, 1999).
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of cement in Devonian reefs appears to have 
enhanced the preservation of primary cavi-
ties in stromatoporoids, in contrast to the 
Silurian, as discussed in webby & KerShaw 
(2011, p. 7).

PALEOENVIRONMENTAL 
ANALYSIS

GENERAL RELATIONSHIPS

Growth form was controlled by environ-
mental (extrinsic) and genetic (intrinsic) 
factors (nicholSon, 1892 in 1885–1892, 
p.  27–29;  ga l l oway ,  1957,  p.  374; 
KiSSling & linebacK, 1967; fiSchbuch, 
1968, fig. 23; leavitt, 1968, p.  323; 
mori, 1969, 1970; Kapp, 1974, 1975; 
cornet, 1975; hoggan, 1975; KobluK, 
1975; KerShaw, 1981, 1984, 1990; cocK-
bain, 1984; Kano, 1989, 1990). Most 
species are limited to a narrow morpho-
space that varies depending on inter-
action between paleoenvironment and 
morphospecies. Short-lived events are also 
recorded, particularly sedimentation and 
movement effects during life (Fig. 2), but 
since these effects do not influence the 
basic shape (a domical stromatoporoid 
that reoriented several times in life so 
that its shape is rounded is still intrinsi-
cally domical), then underlying controls 
on form, if they can be identified, may 
provide important data on the overall 
character of the paleonvironment.

Several studies illustrate the selective 
advantage of dominantly lateral growth in 
stromatoporoids (meyer, 1981; bJerStedt 
& feldmann, 1985; harrington, 1987; 
Kano, 1990; KerShaw, 1990). Stearn’s 
(1982) comparison of stromatoporoids 
with modern coral growth forms, which 
may provide analogues, revealed no parallel 
patterns; and the forms of modern reef 
animals are not even useful guides to modern 
reef environments, thereby emphasizing the 
care needed for interpretation of stromato-
poroids. neStor (1984) discussed the range 
of controls on stromatoporoids. A general 
summary, derived from many sources, is 

given in Figure 7; this figure relates to a 
diverse range of aspects of stromatoporoid 
paleoecology, discussed herein and in webby 
and KerShaw (2011).

Large stromatoporoids reflect long periods 
of growth (young & KerShaw, 2005) and 
highlight their ability to survive events 
affecting the seabed. Depending on the 
nature of the assemblage, stromatoporoids 
have potential to reveal regional and even 
global processes. Examples of Paleozoic 
stromatoporoid assemblages demonstrate 
the range of process-response relationships 
in order to emphasize their value in paleoen-
vironmental analysis at these different scales; 
these are demonstrated in the Ordovi-
cian, Silurian, and Devonian systems, and 
summarized in Figures 4–6.

COMMUNITY-SCALE ECOLOGY—
OUTCROP SCALE

Here, selected examples from the litera-
ture and outcrops illustrate characters and 
problems of interpretation of stromatopo-
roid assemblages at relatively small scale in 
outcrop studies. The small-scale approach 
is most commonly adopted by field geolo-
gists investigating the factors that may have 
been responsible for controlling growth; 
further examples are presented in webby and 
KerShaw (2011).

Middle Ordovician Stromatoporoids, 
Chazy Group, Vermont, USA

Large stromatoporoids appear in Middle 
Ordovician level bottom and mound envi-
ronments at the start of Paleozoic stro-
matoporoid dominance in many shallow 
marine facies (webby, 1986, 1994; flügel 
& flügel-Kahler, 1992, p. 178), although 
stromatoporoid abundance varies within 
the Ordovician buildups (deSrocherS & 
JameS, 1989). Kapp (1974, 1975) and Kapp 
and Stearn (1975) noted that laminar to 
high domical forms are abundant in the 
Middle Ordovician Crown Point Formation, 
Lake Champlain area, Vermont, and have a 
component of taxonomic control on form; 
Pseudostylodictyon lamottense (Seely) grew 
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into high domical shapes (see webby & 
KerShaw, 2011, fig. 15), whereas species of 
Pachystylostroma and Labechia were laminar 
(Kapp, 1974, p. 1235). Pachystylostroma 
and Labechia are present only in mounds, 
whereas Pseudostylodictyon occurs mainly in 
level bottom sediments. Stromatoporoids 
occupy the greatest biovolume of mound 
faunas, but are low in diversity within indi-
vidual mounds dominated by single stro-

matoporoid species, or different species 
may dominate in different mounds (Kapp, 
1975, p. 201).

Only P. lamottense formed large stromato-
poroids (Kapp, 1974) as stacked, ragged 
domes due to episodic sedimentation (see 
webby & KerShaw, 2011, fig. 14–15) and 
may have grown quickly, because it is also 
the only species in the level bottom facies 
able to grow high enough to survive episodic 

fig. 7. Diagram summarizing stromatoporoid growth controls, which encompass the range of environmental 
boundaries that may be expected to have operated on Paleozoic stromatoporoids. a, Stromatoporoids are found 
mostly associated with calcareous sediments low in clay and are rare in coarser siliciclastic sediments; b, stromato-
poroids grew most successfully on stabilized sediments of skeletal debris and were smaller on clay-rich limestones; 
coalescence of neighboring individuals of the same species is a likely means of increasing size; c, sedimentation 
is suspected to be a major control on stromatoporoid growth; stromatoporoids that grew in conditions of little 
sediment deposition grew larger; d, stromatoporoid-dominated reefs may have grown in low-nutrient conditions, 
by analogy with modern reefs that are best developed in such oligotrophic environments; e, stromatoporoids in 
deeper water environments commonly developed a laminar or tabular form, which may be due to photoresponsive 
tissue; however, there is no unequivocal evidence that stromatoporoids possessed a photoresponsive capability; f, 
whether or not stromatoporoids developed a competitive ability is unclear; no proof of competitive interactions 
has been published (Fagerstrom & others, 2000); g, stromatoporoid growth form was influenced by taxonomy in 
at least some species, with a predominance of lower profile forms (adapted from Kershaw, 1998; reproduced with 

kind permission from the Palaeontological Association).
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sedimentation. Kapp (1974, p. 1236) noted 
that individuals began on small substrate 
irregularities, and although not stated in 
her papers, the indications are that they 
could grow directly on the sediment surface, 
a feature noted also by Kano and others 
(1994) in Middle Ordovician stromatopo-
roids of Korea. In Vermont, individuals are 
isolated and grew on several bedding planes 
(Fig. 8; and see webby & KerShaw, 2011, 
fig. 14.1); early growth showed lateral expan-
sion with some enveloping latilaminae, then 
upward growth was apparently stimulated by 
episodic sedimentation to generate ragged 
forms (see webby & KerShaw, 2011, fig. 
14.2–14.3, fig. 15). 

Specimens may be closely spaced, less 
than one meter apart (Kapp, 1974), and 
commonly asymmetrical (Fig. 8; and see 
webby & KerShaw, 2011, fig. 14.2), with 
growth axes of neighboring stromatoporoids 
commonly pointing in different directions, 
interpreted by Kapp as a result of variable 
local current vectors. Asymmetry is main-
tained through the vertical thickness, so 
for currents to be the cause, they would 
have to be peculiar to each stromatoporoid 
throughout its life, and the many inter-
vening episodes of sediment deposition; 
asymmetry may be better explained by 
chance development of the growth form of 
individual stromatoporoids. Overall, the 
Vermont examples, therefore, give consid-
erable information about stromatoporoid 
paleobiology and autecology but also raise 
questions about the controls of form. 

Silurian Level Bottom Stromatoporoids, 
Gotland, Sweden

Figure 9 summarizes features of an 
assemblage of small stromatoporoids from 
Gotland, but the principles apply to most 
level bottom stromatoporoid assemblages. 
Densastroma pexisum grew taller and appar-
ently survived episodic sedimentation better 
than other species in the assemblage, leading 
to its higher abundance and lower degrees of 
raggedness (KerShaw, 1984). Note, however, 
the reappraisal of the nature of ragged 

margins in stromatoporoids (KerShaw, 
wood, & guo, 2006), reinterpreting at 
least some of them as flanges extending 
outward into the water column and not 
necessarily directly linked to episodic sedi-
mentation (see webby & KerShaw, 2011, p. 
6), which, therefore, reduces the certainty 
of application of ragged margins as sedi-
mentation rate indicators. Some tabulate 
coral species are likewise better adapted 
to episodic sedimentation (e.g., gibSon 
& broadhead, 1989). An environmental 
energy index, using proportion of over-
turned stromatoporoids, could be used only 
broadly, because experimental work shows 
that domical stromatoporoids were usually 
uprighted following disturbance (Fig. 3); 
nearly all stromatoporoids are upright in 
the muddy limestones, less so in coarser 
beds, interpreted as storm events (KerShaw, 
1984). 

Middle Devonian Level Bottom 
Stromatoporoids, Hope’s Nose, Devon, UK

Low profile (laminar and low domical) 
stromatoporoids colonized coarse crinoidal 
grainstones and presumably helped to stabi-
lize the substrate. The lack of ragged forms 
suggests periods of no sedimentation, while 
they grew in well-aerated water, followed by 
sudden episodic deposition that killed them 
(Fig. 10).

Upper Devonian Bioherm, Lion Quarry, 
Southern Belgium

Figure 11 illustrates laminar and domical 
stromatoporoids in a Frasnian bioherm, in 
which large laminar and domical stromato-
poroids occur together at particular levels, 
separated by layers containing small laminar 
stromatoporoids and layers with coarse 
debris. The larger stromatoporoids presum-
ably grew in episodes of reduced deposition 
and relative substrate stability, interspersed 
with energetic events. These features are 
consistent with the interpretation of monty, 
bernet-rollande, and maurin (1982), 
that this bioherm lacks a frame and possibly 
formed in deeper water.
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COMMUNITY-SCALE ECOLOGY—
ANALYSIS OF ASSEMBLAGES

Stromatoporoid Diversity Indices as 
Paleoenvironmental Tools—Silurian and 

Devonian Examples

Quantification of modern organic diver-
sity is achieved using diversity indices (e.g., 
pielou, 1966) but is problematic in fossils 
because of difficulties in precision of species 
definitions, time-averaging of communities, 
and taphonomy. fagerStrom (1983) applied 
diversity concepts qualitatively to Emsian 
and Eifelian stromatoporoid assemblages, 
where diversity in reefs is greater than in 
level bottom communities, and Eifelian 
reef organisms are strongly endemic; also 
reef environments are likely to have greater 
origination and extinction rates and conse-
quently could play an important role in 
evolution of reef builders. cocKbain (1989) 
similarly noted higher species numbers in 
reef (25 taxa) compared to shelf (6 taxa) 
environments in Middle to Upper Devonian 
successions of Western Australia. In contrast, 
Devonian reefs in Nevada have lower diver-
sity, with Hammatostroma abundant as 
tabular and bulbous shapes, although such 
reefs are considered as biostromes (hoggan, 
1975). brunton and copper (1994) catego-
rized early Silurian reef biotas into groups, 
depending on numbers of species, and 
revealed a low diversity in reef cores, with 
up to 70% of volume being composed of 
only four species. copper (1988) drew 
attention to the lower diversity of modern 
reef communities in areas under great stress, 
whereas the rest of a reef complex usually 
exhibits a higher diversity.

Although such general observations are 
valuable, numerical diversity indices, such as 
Shannon’s Information Function (H) applied 
by Stearn (1975) to the Devonian Ancient 
Wall stromatoporoid assemblages, provide a 
better comparative tool for paleoecological 
and paleoenvironmental work. Species diver-
sity indices are calculated from relative abun-
dance of individuals of each species, not just 
numbers of species, and greatest diversity 

lies in assemblages with equal numbers of 
each species. Approaches to diversity analysis 
were discussed by KrebS (1972), who noted 
that different methods have different advan-
tages. Shannon’s Information Function (H) 
is particularly applicable to assemblages 
of organisms in cases where there is no 
assumption of the shape of the distribu-
tion; furthermore H should be applied to 
random samples. Stearn (1975) argued that 
stromatoporoids, being fossils that cannot 
be identified in the field, provide a good 
approximation to randomness in collection, 
since the collector is not influenced by selec-
tion of specimens with particular skeletal 
structures, especially in cemented limestones 
where internal structure is difficult to see. 
Nevertheless, truly random samples need to 
be collected using a grid system and random 
number tables, as applied by KerShaw 
(1990). KrebS (1972, p. 455) pointed out 
in a footnote that the Shannon Function is 
correctly called the Shannon-Wiener Func-
tion, and sometimes incorrectly referred to 
as the Shannon-Weaver Function. As an 

fig. 8. Sketches of stromatoporoid vertical sections. 
Growth was apparently principally on soft sediment; 
individuals began growth at different levels and have 
ragged margins, suggesting that episodic sedimenta-
tion controlled growth initiation and development. 
Growth is biased in left or right directions. a–c, Fisk 
Quarry; d, Goodsell Quarry (drawn from photographs 

in Kapp, 1975).

1 ma

b

c

d
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attempt to demonstrate its utility, Figure 12 
provides diversity indices calculated using 
the Shannon-Wiener Function (H) for a 
range of published species distributions of 
stromatoporoids from well-documented 
Silurian and Devonian examples, assem-
bled by KerShaw (1990). H was chosen by 
KerShaw (1990), following its application 
by Stearn (1975), in order to attempt to 
compare diversities of different stromato-
poroid assemblages, using the same index. 
However, in the examples of Figure 12, 
comparisons are probably fully valid only 
within and not between datasets, because of 
uncertainty about whether the data collec-
tion methods were all random; therefore, 
these data give a general guide to stromato-
poroid diversity. 

Accord ing  to  S t e a r n  (1975) ,  the 
Shannon-Wiener Function (H) is calculated 
according to the formula:

         S
H = –Sp

i
 log

e
 p

i
         i = 1
where S = number of species in the 

sample, and p
i
 is the proportion of the ith 

species of the sample (Table 1). 
K r e b S  ( 1972 ,  p .  455)  u s ed  Log

2
, 

although as long as a uniform approach is 
applied, comparisons of H values between 
samples collected by the same method 
will be valid. H is most easily calculated 
using a spreadsheet, and an example is 
given below, for the marginward Peechee 
Member  s t romato  poroid assemblage 
collected by KobluK (1975), plotted on 

fig. 9. Comparative stromatoporoid autecology in the Visby Formation, lower Wenlock, Gotland, Sweden, based on 
data from KerShaw (1984). a, Features of stromatoporoids in this assemblage; b, morphological variation between 
species; c, selective advantage of a high profile form in this environment; d, species selection of substrate type; e, 
broad indication of frequency of dislocating currents shown by episodic overturning and recovery by species 1, 
and use of its upturned base by species 2. Note that the raggedness data in view c may reflect sedimentation and/or 
growth to form primary cavities. V, maximum vertical dimension; B, maximum basal dimension; V/B, ratio of V to 
B, as an approximate measure of shape; R/S, ratio of number of ragged-margined to number of smooth-margined 
specimens; RV, vertical extent of raggedness; RH, horizontal extent of raggedness; RH/B, ratio of RH to B as an 
measure of horizontal extent of raggedness; RV/V, ratio of RV to V as a measure of vertical raggedness (adapted from 

Kershaw, 1998; reproduced with kind permission from the Palaeontological Association).
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Figure 12, upper right (when viewed in a 
horizontal orientation).

Although H is calculated as a negative 
number, its sign is simply changed to posi-
tive for ease of expression. In Figure 12, 
the point plotted in relation to Table 1 
is accompanied by text (2/76; 68%) that 
summarizes the data relating to that point, 
explained also in the key (Fig. 12, lower right 
when viewed in a horizontal orientation). 
The remainder of Figure 12 was constructed 
using spreadsheets, as above. Data plotted 
from Stearn (1975, p. 1644) were taken 
from his summary. Diversity index data 
depend on sampling procedure, but also 
on quality of taxonomy; in the Högklint 
Formation of Gotland, for example, many 
stromato poroids are so strongly recrystallized 

that they are unidentifiable (mori, 1969), 
reducing the utility of the diversity index for 
that formation in comparison with others.

In Figure 12, only data for stromatopo-
roids are given, and total biotic diversity 

fig. 10. a–b, Laminar stromatoporoids at Hope’s Nose, Givetian, South Devon, United Kingdom. Growth of low 
profile stromatoporoids on mobile substrates made of crinoidal debris suggests a stabilizing effect provided by the 
stromatoporoids. The stromatoporoids probably grew in low-moderate energy conditions, because laminar forms are 
readily overturned by current flow (see Fig. 3). The lower photo shows that margin of stromatoporoid is modified 

by pressure solution, visible part of lens cap is 4 cm wide (new).

a

b

table 1. Example of method of calculation of 
species diversity H index, used in Figure 12. 
The example comes from the reef marginward 
Peechee Member stromatoporoid sample col-

lected by Kobluk (1975).

Species No. of
 

P
i 

 Log
e
 p

i
 P

i
 Log

e
 p

i
 

 specimens

1 52 0.684 –0.380 –0.2598
2 26 0.342 –1.073 –0.3669
total 76 1 –H –0.6267
   H (rounded) 0.627
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must differ from the indices, except in 
assemblages composed almost entirely of 
stromatoporoids. Such assemblages have 
many stromatoporoid species and thus a 
high diversity of stromatoporoids, but other 
components of such assemblages may be 
represented only by a few species each of 
tabulate and rugose corals, brachiopods, 
crinoids, and rarely other fossils. Stearn 
(1975, p. 1637–1639) attributed progressive 
stromatoporoid diversity reduction at the 
Ancient Wall to increasing severity of the 
reef crest environment, as relief increased 
on the reef front, and the same conclusion 
may be drawn for data given by KobluK 

(1975) for both lagoon and reef margin 
communities of the Miette Complex (Fig. 
12). Similarly, H, calculated for Devo-
nian stromatoporoids of southern Belgium 
(cornet, 1975), shows that large bioherm 
complexes sited in open water have a slightly 
lower stromatoporoid diversity than shelf 
biostromes and back-reef settings, and these 
biostromes are much richer in stromato-
poroids. In Figure 12, data from Gotland 
(mori, 1969, 1970) show that stratigraphic 
units dominated by stromatoporoid-rich 
platform biostromes (Slite, Klinteberg, and 
Hemse units) have the highest diversities 
of stromatoporoid faunas, while the lowest 

fig. 11. Small area of vertical surface of reef, Lion Quarry, Frasnes, southern Belgium. A mixture of whole and 
fragmented stromatoporoids appear to occur in rhythms separated by coarser debris; stromatoporoids demonstrate 
growth on a probable loose substrate, with a prominent lateral growth aspect. The complex form of one specimen is 
interpreted as episodically reoriented in sequence a–e. Temporal energy reduction is indicated by occurrence of thin 
laminar stromatoporoids associated with microbial heads and mats. This diagram illustrates the problems of growth 
form classification, with some forms being more readily classifiable than others (see webby & KerShaw, 2011). In 
the Attitude symbols, into page means that the specimen is lying on its side with its apex pointing away from the 
reader (adapted from Kershaw, 1998; reproduced with kind permission from the Palaeontological Association).

Fig. 12. (Continued from facing page). 
UC(U), Lower and Upper Cairn Formation respectively; MP and UP, Middle and Upper Peechee Member, respec-
tively; b, H is calculated from stromatoporoid data from named sites by cornet (1975); c, mori’s (1969, 1970) 
data are from the range of stratigraphic units on Gotland; data from Kano (1989) and KerShaw (1990) focus on 
specific sites and stratigraphic units within the Gotland sequence. 1Note that for the Gotland data set, the Högklint 
stromatoporoids are mostly poorly preserved and probably are underrepresented on the diagram (adapted from 

Kershaw, 1998; reproduced with kind permission from the Palaeontological Association).
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fig. 12. Shannon-Wiener index (H) for stromatoporoid assemblages from published data for Siluri-
an and Devonian locations. The diversity index is calculated using a combination of numbers of spe-
cies and numbers of specimens of each species, as explained in the text. a, Data were compiled by Ker-
Shaw (1990) from the plots of Stearn (1975, p. 1644) and information in KobluK (1975, fig. 26); F, 
Flume Member; MF, Middle Flume Member; P, Peechee Member; UF, Upper Flume Member; UC(L) and 
(Continued on facing page).
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values are recorded for very shallow, high 
stress settings, such as the Tofta Formation 
(where salinity may have played a part in 
diversity control), and deeper muddy envi-
ronments of the Mulde Formation. Kano’s 
(1989) work on the abundant stromatopo-
roid faunas of the upper Ludlow Holmhällar 
site, Gotland (where facies are only partly 
exposed and the reef shape indetermin-
able), shows diversity differences through 
the reef complex. Ludlow reefs on Gotland 
(Fig. 13) are composed almost completely 
of stromatoporoids (KerShaw, 1981, 1990; 
Kano, 1989, 1990; mori, 1970); although 
diversity of all fossil groups is low, stromato-
poroid diversity is high [see Fig. 12c, from 
mori’S (1970) data, but also see the next 
section on Stromatoporoid Biostromes]. 
Most are biostromes, implying stable condi-
tions of low sedimentation and possible sea 
level stillstands (KerShaw & Keeling, 1994; 
KerShaw, 1994), in contrast to bioherms 
(Fig. 14). Stromatoporoid faunas mostly 
comprise large, low profile forms, many 
coalesced from smaller individuals, and 
emphasize the competitive advantage of 
a lateral growth habit, commonly seen in 
Ordovician to Devonian reef-builders.

The sum of available data suggests that 
low stress environments (where platform 
biostromes were formed) were the optimum 
settings for stromatoporoids. In a truly 
random sample, collected using random 
numbers on a sampling grid (KerShaw, 
1990), albeit time-averaged for a single 
biostrome, stromatoporoid size is empha-
sized by comparing diversity of the same 
samples, expressed both as numbers and size 
(≈basal diameter) of individuals. The use 
of a diversity index based on a measure of 
the size of specimens of each species, rather 
than numbers of individuals of each species, 
is a novel approach. H is lower for basal 

diameters than for numbers of specimens, 
emphasizing the ability of large stromato-
poroids to occupy larger areas of sea floor, 
and suggests that the competitive ability of 
stromatoporoid taxa is related to the amount 
of sea floor they were able to occupy. 

Stromatoporoid Biostromes

Dense accumulations of stromatoporoids 
in biostromal deposits occur in Wenlock 
to Devonian deposits, apparently occur-
ring in platform interior settings. Figure 13 
summarizes data from three well-exposed 
Silurian sites, in order to compare features 
of the stromatoporoid assemblages. Envi-
ronmental and stromatoporoid parameters 
combined to produce dense accumula-
tions of stromatoporoids with a limited 
range of growth forms. Sample size is, of 
course, important to gain an accurate picture 
of diversity. Using a much larger sample 
than that collected by mori (1970), two 
examples studied by KerShaw (1990, 1997) 
presented in Figure 13 and expanded by 
SandStröm and KerShaw (2008), show 
that the stromatoporoid assemblages of the 
Hemse Group biostromes are in fact widely 
distributed as a low-diversity accumulation, 
with three species being most abundant. 
Work on Devonian examples described 
later (p. 19 herein; da Silva, KerShaw, & 
boulvain, 2010, 2011) also supports the 
need for large sample size in stromatoporoid 
studies. Biostromes are probably the richest 
stromatoporoid faunas, representing ideal 
conditions for their growth, characterized 
by low sedimentation rates and, presumably, 
widespread availability of suitable substrate. 

Devonian Reef Communities 
and Barrier Reefs

Stromatoporoids are very abundant in 
Devonian reef systems, where Amphipora 

fig. 13. Parameters of stromatoporoid-dominated Ludlow reef communities from Gotland, Sweden, with principal 
reef features highlighted. The reefs are ideal settings for stromatoporoids because of abundance and diversity of taxa; 
they formed in ramp-shelf settings. Together with many Devonian stromatoporoid-rich biostromes, they represent 
platform features not associated with barrier formation at platform margins; platform margin reefs are much less 
dominated by stromatoporoids. CM, Clathrodictyon mohicanum; PS, Plectostroma scaniense; SB, ?Stromatopora bek-
keri; SV, Stromatopora venukovi; LS, Lophiostroma schmidti; PT, Parallelostroma typicum, SBo, Syringostromella borealis 

(Kershaw, 1998; reproduced with kind permission from the Palaeontological Association).
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fig. 13. (For explanation, see facing page).
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fig. 14. Application of concepts of bioherm and biostrome in Silurian stromatoporoid reef facies. a, Form differ-
ences between bioherms and biostromes, demonstrating the dimensions in vertical section. Note that within these 
two forms, the constructing biota may consist of in-place frames, eroded debris, or a mixture of the two. Thus the 
biostrome and the bioherm are simply geometric objects without implication of their constructors; b, schematic 
vertical section of Högklint reef from the lower Wenlock of Gotland, Sweden, showing vertical change in form 
from bioherm upward into biostrome, within the same reef mass. Stromatoporoid general growth forms are added, 
illustrating the environmental change (relative sea-level fall) throughout the history of the reef; A, calcified algae 
most abundant; D, domical stromatoporoids most abundant; H, halysitid tabulate corals most abundant; L, laminar 
stromatoporoids most abundant; T, tabulate corals of all types most abundant (Kershaw, 1998; reproduced with 
kind permission from the Palaeontological Association); c, stylized examples of three biostromes from the lower 
Wenlock of Gotland, Sweden, showing the constructors, stromatoporoids and corals (not differentiated); 1, con-
tains a mixture of debris and in-place constructors; 2, contains only debris; 3, contains laminar-frame constructors. 
These illustrations demonstrate the range of constructional elements within biostromes, thereby showing that some 

biostromes are most appropriately classified as reefs (based on data from Kershaw, 1994).

Bioherm and biostrome 
control parameters

unstable conditions:
 ?substantial accomodation space
 shifting sea level–tectonics for long time
 limited area, and temporal availability,
    of stable substrate
 aggrading sedimentary regime promotes  
    vertical accretion
 

stable conditions:
 ?limited accommodation space
 ?stable sea level–tectonics for long time
 stable substrate of large area for long time
 low sedimentation rate

Lower Wenlock stromatoporoid
distribution, Gotland

biostrome 
phase

bioherm phase

shelf

ramp

Tofta 
Formation

2 m

stromatoporoids
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2

3
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is the most abundant volumetrically (e.g., 
cocKbain, 1984). Although Middle Devo-
nian reefs contain the first interpreted barriers, 
of which the Canning Basin (playford & 
lowry, 1966; playford, 1980) and western 
Canadian (e.g., Klovan, 1964; JamieSon, 
1969) systems are best known, many lack 
an identifiable reef core (e.g., the Miette 
complex of Alberta, noble, 1970, p. 540, and 
data from KobluK, 1975 [see previous page, 
Fig. 12a]; the southern Belgium bioherms, 
monty, bernet-rollande, & maurin, 
1982). Devonian reef crests typically contain 
relatively small numbers of stromatoporoids, 
with other elements, such as Renalcis, being 
equally or more important reef construc-
tors. In the Canning Basin, the crest zone is 
narrow, 100–200 m wide (wilSon, 1975, 
p. 137), and without biozonation; whereas 
fore-reef slopes of up to 30° were generated by 
microbial constructors (playford & lowry, 
1966, p. 71), compared to 5° slopes where 
reefs are not present on platform margins.

Sporadic efforts have been made using 
taxonomic and growth form data to apply 
an integrated approach to illustrate aspects 
of stromatoporoid community ecology (e.g., 
cornet, 1975; hoggan, 1975). KobluK 
(1975) attempted a community reconstruc-
tion using crude statistical measures of asso-
ciation between growth forms and species, 
but his data did not relate species to growth 
forms and environments. He noted (p. 243) 
that some stromatoporoid morphologies 
occur together and others do not. KobluK 
(1975, p. 259) extended life-table analysis 
to stromatoporoids using basal diameter 
as a proxy for relative age in the Devonian 
Miette Reef complex in Canada. Data were 
time-averaged within a bed, growth forms 
rather crudely classified, and although 
species/growth form data were not avail-
able, the results produced the broad conclu-
sion that most stromatoporoids are small, 
with a relatively low chance of growing 
large. This observation is consistent with 
studies in other sites and ages, presumably 
largely attributable to fluctuating energy 
levels and sediment deposition rates. A 

feature of stromatoporoids influenced by 
such processes is that, as their skeletons 
grew, their forms commonly changed from 
an initial laminar shape to domical, then 
sometimes to bulbous, so it is important 
to plot growth form against size (e.g., basal 
diameter, see KerShaw, 1990). If this can be 
related to taxa, then there is a much more 
useful data set available for the interpreta-
tion of controls on stromatoporoid growth 
form, although little information is yet 
available.

In the most comprehensive survey so far 
attempted of Frasnian stromatoporoids of 
Belgium (da Silva, KerShaw, & boulvain, 
2010, 2011), the branching stromatoporoid 
Stachyodes was shown to represent approxi-
mately half of the assemblage, measured 
both by numbers of samples and by area 
of the rock occupied in vertical rock faces. 
Ten genera were found altogether, but only 
one or two genera are abundant in any one 
bed. These results emphasize not only the 
relatively low diversity of stromatoporoid 
assemblages, but also their importance in 
development of Devonian reef facies.

REGIONAL AND GLOBAL SCALE 
SYNECOLOGY 

Stromatoporoids in Devonian Global 
Facies Patterns

Although reef facies may be difficult to 
unravel in tectonically complex terrains 
(Scrutton, 1977b), Devonian reefs formed 
mostly at platform margins (e.g., playford, 
1980, in the Canning Basin; and Scrutton, 
1977a, in the United Kingdom). Signifi-
cant buildups worldwide contain similar 
fossil assemblages (across all phyla) (e.g., 
Belgium, Germany [Eifel region], Alberta, 
Canning Basin; wilSon, 1975, p. 119). 
StocK (2005) recorded provincialism of 
earlier Devonian stromatoporoid faunas, 
changing to cosmopolitanism at genus level 
through the Frasnian, and restriction in the 
Famennian. Furthermore, StocK (2005) 
noted a decrease in generic diversity in the 
Frasnian, interpreted by him as caused by 
sea level rise, allowing mixing of faunas by 
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submerging of barriers; proSh and Stearn 
(1996) recognized Devonian stromatopo-
roid cosmopolitanism commencing earlier 
in the Emsian, and migration being facili-
tated by Early Devonian transgression across 
epeiric shelves. Rapid widespread migration 
also promotes the use of stromatoporoids 
as biostratigraphic tools (proSh & Stearn, 
1996), in contrast to the traditional view 
that they are insufficiently stratigraphically 
restricted. 

Stromatoporoid growth forms aid recog-
nition of facies patterns in the Devonian 
Iberg reef in Germany (giSchler, 1995); 
the patterns suggest influence of south-
eastern trade winds and provide interpre-
tation of the reef as an atoll. Although 
giSchler (1995, p. 185) suggested that 
the southeast-facing (windward) portion 
containing massive stromatoporoids and 
bulbous corals was wave-resistant, the reef 
rim itself is hardly preserved. Wave resistance 
on the constructor organisms of Devonian 
reefs is relatively low, so early cementation 
(burchette, 1981; mountJoy & riding, 
1981; wattS, 1988b; giSchler, 1995) 
and microbial stabilization were important 
features. Care is therefore required in inter-
preting wave resistance in Devonian reef 
systems; the analogy between modern coral 
reefs and their Devonian counterparts is not 
reliable. KobluK’s (1978) application of the 
Waltherian concept to the Miette reef near 
Jasper, Alberta, using statistically constrained 
stromatoporoid assemblages, is affected by 
taphonomic disturbance of the reef biota, 
even locally (e.g., fiSchbuch, 1970), and 
reconstruction of the original assemblages 
is difficult.

Stromatoporoid Reefs and 
Sea Level Change

Stromatoporoid reefs  are general ly 
assumed to indicate shallow waters. While 
normally true for rimmed shelves and patch 
reef bioherms, distinguishing between 
ecological upward reef growth and sea level 
change to generate reef aggradation cannot 
always be differentiated, and controls on 

biostromes remain problematic. Stromato-
poroids in sequence stratigraphic analysis 
of Middle Devonian platform sediments 
of the Great Basin, United States, suggest 
that biostromes could grow in both trans-
gressive and regressive settings (elricK, 
1996, p. 403–405), which adds to the 
debate outlined by brunton and copper 
(1994, p. 74) that reefs grow better in 
trangressive regimes than in regressive 
settings.

If stromatoporoid biostromes formed in 
transgressive (as well as regressive) settings, 
then water depth (=accommodation space), 
as long as sea level rise was not fast, was 
probably not as important as the nature of 
the substrate in controlling their occurrence, 
with low sedimentation rate. Availability of 
suitable substrate also controlled individual 
stromatoporoid development, and because 
stromatoporoid substrate tolerance is so 
broad (see Stearn, 2010; webby & KerShaw, 
2011), perhaps it is not surprising that 
biostromes provide the richest stromatopo-
roid faunas. Some stromatoporoid biostromes 
are demonstrably shallow; two examples are: 
approximately 10 m water depth suggested 
for many European Devonian examples 
(burchette, 1981, p. 119); and 10–30 
m water depth for upper Llandovery of 
Michigan (JohnSon & mcKerrow, 1991, p. 
156) and the Upper Ordovician of southern 
China (JohnSon, rong, & fox, 1989, 
p. 47). In contrast, coral-dominated Silu-
rian biostromes form in deeper water, prior 
to shallowing (deSrocherS & bourque, 
1989), and stromatoporoids and corals 
aided stabilization of steep off-reef slopes 
in lower Silurian biostromes of Greenland 
during pauses in subsidence (Sønderholm & 
harland, 1989, p. 361–365), further illus-
trating that conditions of stability favored 
biostromal growth. neStor (1995) also 
noted that stable environments promoted 
development of flattened lenticular bioherms 
and biostromes of Baltica, as in Devonian 
biostromes in Belgium (tSien, 1974). There 
is much work to do here, because although 
some reefs apparently formed in regressive 
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settings, others present conflicting data. 
Middle Ludlow biostromes of southeastern 
Gotland have been regarded as exhib-
iting shallow water characters (low mud, 
abundant grainstones, abundant syntaxial 
cement on crinoid grains, eroded biostrome 
tops, stacked rocky shorelines; Keeling & 
KerShaw, 1994; KerShaw & Keeling, 1994). 
However, these biostromes contain almost 
no algae, otherwise common in shallow 
Silurian facies; that they may have grown in 
deepening water on flooding surfaces and 
acquired their shallow water features during 
later regression is supported by the recogni-
tion of an oceanic S-state during this interval 
(JeppSSon, 1990; JeppSSon, aldridge, & 
dorning, 1995), one feature of which is 
slightly higher sea level. Clearly, no reli-
ance can be placed on biostromes as general 
indicators of regressive systems. Whether 
stromatoporoid-rich deposits can be related 
to suggestions of orbitally forced sea level 
change for the Givetian and Frasnian (e.g., 
marShall, rogerS, & whiteley, 1996, p. 
461) is another topic awaiting further work.

CONCLUSIONS

Though stromatoporoids have complex 
paleoecological aspects, they are valuable 
tools in paleoenvironmental interpreta-
tion, at various scales. There is much more 
detailed work required to fully realize their 
potential, but the information presented 
here should provide a basis for investigators 
to apply stromatoporoids in their analyses of 
paleoenvironments.

ACKNOWLEDGMENTS
Steve Kershaw’s work on stromatopo-

roids began under supervision from Robert 
Riding. Discussions on various aspects of 
calcified sponge paleobiology and their 
facies, with Ron West (Manhattan, Kansas), 
Colin Stearn (Montreal), Lennart Jeppsson 
(Lund), Mike Keeling (ex-Brunel), Frank 
Brunton (Kingston, Ontario), and Barry 
Webby (Macquarie, NSW) have substan-
tially enhanced ideas presented here. Field 

work on Gotland was facilitated by the 
Allekvia Field centre, now sadly closed, and 
its administrators at Lund University are 
warmly thanked.

REFERENCES 
Andrichuk, J. 1958. Stratigraphy and facies analysis 

of Upper Devonian reefs in Leduc, Stettler and 
Redwater areas, Alberta. Bulletin of the American 
Association of Petroleum Geologists 42:1–93.

Baarli, B. G., M. E. Johnson, & H. B. Keilen. 1992. Size 
and shape distribution of level-bottom tabulate corals 
and stromatoporoids (Silurian). Lethaia 25:269–282.

Benavidas, L. M., & E. R. M. Druffel. 1986. Sclero-
sponge growth rate as determined by 210Pb and 14C 
chronologies. Coral Reefs 4:221–224.

Bjerstedt, T. W., & R. M. Feldmann. 1985. Stromato-
poroid palaeosynecology in the Lucas Dolostone 
(Middle Devonian) on Kelleys Island, Ohio. Journal 
of Paleontology 59:1033–1061.

Bolton, T. E. 1988. Stromatoporoidea from the Ordovi-
cian rocks of central and eastern Canada. Bulletin of 
Geological Survey of Canada 379:17–45.

Bourque, P.-A., & G. Amyot. 1989. Stromatoporoid-
coral reefs of the Upper West Point reef complex, 
Late Silurian, Gaspé Peninsula, Québec. In H. H. J. 
Geldsetzer, N. P. James, & G. E. Tebbutt, eds., Reefs, 
Canada and adjacent areas. Memoirs of the Canadian 
Society of Petroleum Geologists 13:251–257.

Bourque, P.-A., & H. Gignac. 1983. Sponge-constructed 
Stromatactis mud mounds, Silurian of Gaspé, Québec. 
Journal of Sedimentary Petrology 53:521–532.

Bourque,  P.-A. ,  & H. Gignac.  1986.  Sponge-
constructed stromatactis mud mounds, Silurian of 
Gaspé, Québec—Reply. Journal of Sedimentary 
Petrology 56:461–463.

Bourque, P.-A., & L. Raymond. 1989. Non-skeletal 
bioherms of the lower reef complex of the West Point 
Formation, Late Silurian, Gaspé Peninsula, Québec. 
In H. H. J. Geldsetzer, N. P. James, & G. E. Tebbutt, 
eds., Reefs, Canada and adjacent areas. Memoirs 
of the Canadian Society of Petroleum Geologists 
13:258–262.

Brunton, F. R., & P. Copper. 1994. Palaeoecologic, 
temporal and spatial analysis of Early Silurian reefs 
of the Chicotte Formation, Anticosti Island, Quebec, 
Canada. Facies 31:57–80.

Brunton, F. R., & O. A. Dixon. 1994. Siliceous-
sponge microbe associations and their reccurrence 
through the Phanerozoic as reef mound constructors. 
PALAIOS 9:370–387.

Burchette, T. P. 1981. European Devonian reefs: A 
review of current concepts and models. In D. F. 
Toomey, ed., European Fossil Reef Models. SEPM 
Special Publications 3:85–142.

Cockbain, A. E. 1984. Stromatoporoids from the 
Devonian reef complexes, Canning Basin, Western 
Australia. Bulletin of Geological Survey of Western 
Australia 129:1–108.

Cockbain, A. E. 1989. Distribution of Frasnian 
and Famennian stromatoporoids. Memoirs of 



22 Treatise Online, number 31

the Australasian Association of Palaeontologists 
8:339–345.

Copper, P. 1988. Ecological succession in reef ecosys-
tems: Is it real? PALAIOS 3:136–152.

Cornet, P. 1975. Morphogenèse, caractères écologiques, 
et distribution des stromatoporoidés Devoniens au 
bord du Sud du Bassin de Dinant (Belgique). Thèse 
de Doctorat (inedité), Université Catholique de 
Louvain. 195 p.

Cowen, R. 1988. The role of algal symbiosis in reefs 
through time. PALAIOS 3:221–227.

Da Silva, A.-C., S. Kershaw, & F. Boulvain. 2010. 
Sedimentology and stromatoporoid palaeoecology 
of Frasnian (Upper Devonian) carbonate mounds in 
southern Belgium. Lethaia 43:255–274. 

Da Silva, A.-C., S. Kershaw, & F. Boulvain. 2011. Stro-
matoporoid palaeoecology in the Frasnian (Upper 
Devonian) Belgian platform, and its applications in 
interpretation of carbonate platform environments. 
Palaeontology 54: 883–905. 

de Freitas, T. A., O. A. Dixon, & U. Mayr. 1993. Silu-
rian pinnacle reefs of the Canadian Arctic. PALAIOS 
8:172–182.

Desrochers, A., & P.-A. Bourque. 1989. Lower Silurian 
biostromes and bioherms of southern Gaspé, Quebec 
Appalachians. In H. H. J. Geldsetzer, N. P. James, 
& G. E. Tebbutt, eds., Reefs, Canada and adjacent 
areas. Memoir of the Canadian Society of Petroleum 
Geologists 13:299–303.

Desrochers, A., & N. P. James. 1989. Middle Ordovi-
cian (Chazyan) bioherms and biostromes of the 
Mingan Islands, Quebec. In H. H. J. Geldsetzer, N. 
P. James, & G. E. Tebbutt, eds., Reefs, Canada and 
adjacent areas. Memoir of the Canadian Society of 
Petroleum Geologists 13:183–191.

Dustan, P., & W. K. Sacco. 1982. The sclerosponges of 
Chalet Charibe Reef. Discovery 16:13–17.

Elrick, M. 1996. Sequence stratigraphy and platform 
evolution of Lower-Middle Devonian carbonates, 
eastern Great Basin. Bulletin of The Geological 
Society of America 108:392–416.

Fagerstrom, J. A. 1983. Diversity, speciation, endemism 
and extinction in Devonian reef and level-bottom 
communities, eastern North America. Coral Reefs 
2:65–70.

Fagerstrom, J. A., R. R. West, S. Kershaw, & P. Cossey. 
2000. Spatial competition among clonal organisms 
in extant and selected Paleozoic reef communities. 
Facies 42:1–24.

Fischbuch, N. 1962. Stromatoporoid zones of the Kay-
bob Reef, Alberta. Journal of the Alberta Society of 
Petroleum Geologists 10:62–72.

Fischbuch, N. R. 1968. Stratigraphy, Devonian Swan 
Hills reef complexes of central Alberta. Bulletin of 
Canadian Petroleum Geology 16:446–587.

Fischbuch, N. R. 1970. Amphipora and Euryamphipora 
(Stromatoporoidea) from the Devonian of western 
Canada. Palaeontology 13:64–75.

Flügel, E., & E. Flügel-Kahler. 1992. Phanerozoic 
reef evolution: Basic questions and database. Facies 
26:167–277.

Frakes, L. A., J. E. Francis, & J. I. Syktus. 1992. 
Climate models of the Phanerozoic: The history of 

Earth’s climate over the past 600 million years. Cam-
bridge University Press. Cambridge. 280 p.

Galloway, J. J. 1957. Structure and classification of the 
Stromatoporoidea. Bulletins of American Palaeontol-
ogy 37:354–480.

Gibson, M. A., & T. W. Broadhead. 1989. Species-
specific growth responses of favositid corals to soft-
bottom substrates. Lethaia 22:287–299.

Gischler, E. 1995. Current and wind induced facies 
patterns on a Devonian atoll: Iberg Reef, Harz Mts., 
Germany. PALAIOS 10:180–189.

Harrington, R. 1987. Lithofacies and biofacies of the 
Middle and Upper Devonian Sultan Formation at 
Mountain Springs, Clark County, Nevada: Implica-
tions for stromatoporoid paleoecology. Journal of 
Paleontology 61:649–662.

Hoggan, R. D. 1975. Paleoecology of the Guilmette 
Formation in Eastern Nevada and Western Utah. 
Geology Studies 22:141–197.

James, N. P., & P.-A. Bourque. 1992. Reefs and Mounds. 
In R. G. Walker & N. P. James, eds., Facies Models—
Response to sea level change. Geological Association 
of Canada Reprints. Newfoundland. p. 323–347.

Jamieson, E. R. 1969. Paleoecology of Devonian reefs in 
Western Canada. Proceedings of the North American 
Palaeontological Convention 2:1300–1340.

Jeppsson, L. 1990. An oceanic model of lithological and 
faunal changes tested on the Silurian record. Journal 
of the Geological Society, London 147:663–674.

Jeppsson, L., R. J. Aldridge, & K. J. Dorning. 1995. 
Wenlock (Silurian) oceanic episodes and events. Jour-
nal of the Geological Society, London 152:487–498.

Johnson, M. E., & W. S. McKerrow. 1991. Sea level and 
faunal changes during the latest Llandovery and earli-
est Ludlow (Silurian). Historical Biology 5:153–169.

Johnson, M. E., J.-Y. Rong, & W. T. Fox. 1989. Com-
parison of Late Ordovician epicontinental seas and 
their relative bathymetry in North America and 
China. PALAIOS 4:43–50.

Kano, A. 1989. Deposition and paleoecology of an 
Upper Silurian stromatoporoid reef on southernmost 
Gotland. Geological Journal 24:295–315.

Kano, A. 1990. Species, morphologies and environmen-
tal relationships of the Ludlovian (Upper Silurian) 
stromatoporoids on Gotland, Sweden. Stockholm 
Contributions in Geology 42:85–121.

Kano, A., D.-J. Lee, D. K. Choi, & C-M. Yoo. 1994. 
Ordovician (Llanvirnian) stromatoporoids from the 
Youngwol area, southern Korea. Transactions and 
Proceedings of the Palaeontological Society of Japan 
174:449–457.

Kapp, U. S. 1974. Mode of growth of Middle Chazyan 
(Ordovician) stromatoporoids, Vermont. Journal of 
Paleontology 48:1235–1240.

Kapp, U. S. 1975. Paleoecology of a Middle Ordovi-
cian stromatoporoid mound in Vermont. Lethaia 
8:195–207.

Kapp, U. S., & C. W. Stearn. 1975. Stromatoporoids 
of the Chazy Group (Middle Ordovician), Lake 
Champlain, Vermont and New York. Journal of 
Paleontology 49:163–186.

Kaźmierczak, J. 1971. Morphogenesis and systematics 
of the Devonian Stromatoporoidea from the Holy 



23Paleoecology of the Paleozoic Stromatoporoidea

Cross Mountains, Poland. Palaeontologia Polonica 
26:1–150.

Kaźmierczak, J. 1976. Cyanophycean nature of stro-
matoporoids. Nature 264:49–51.

Kaźmierczak, J., & S. Kempe. 1990. Modern cyanobac-
terial analogs of Paleozoic stromatoporoids. Science 
250:1244–1248.

Kaźmierczak, J., & W. E. Krumbein. 1983. Identifi-
cation of calcified coccoid cyanobacteria forming 
stromatoporoid stromatolites. Lethaia 16:207–213.

Keeling, M., & S. Kershaw. 1994. Rocky shore environ-
ments in the Upper Silurian of Gotland, Sweden. 
GFF 116:69–74.

Kershaw, S. 1981. Stromatoporoid growth form and 
taxonomy in a Silurian biostrome, Gotland. Journal 
of Paleontology 55:1284–1295.

Kershaw, S. 1984. Patterns of stromatoporoid growth in 
level-bottom environments. Palaeontology 27:113–130.

Kershaw, S. 1990. Stromatoporoid palaeobiology and 
taphonomy in a Silurian biostrome on Gotland, 
Sweden. Palaeontology 33:681–705.

Kershaw, S. 1993. Sedimentation control on growth of 
stromatoporoid reefs in the Silurian of Gotland. Jour-
nal of the Geological Society, London 150:197–205.

Kershaw, S. 1994. Classification and geological signifi-
ciance of biostromes. Facies 31:81–92.

Kershaw, S. 1997. Palaeoenvironmental change in Silu-
rian stromatoporoid reefs, Gotland, Sweden. Bolletin  
Real Sociedad Española de Historia Natural (Section 
Geologicas) 91(1-4):331–344. 

Kershaw, S. 1998. The applications of stromatoporoid 
palaeobiology in palaeoenvironment analysis. Palae-
ontology 41:509–544. 

Kershaw, S., & F. Brunton. 1999. Paleozoic stromato-
poroid taphonomy: Ecologic and environmental 
significance. Paleogeography, Palaeoclimatology, 
Paleoecology 147:1–16.

Kershaw, S., & M. Keeling. 1994. Factors controlling 
the growth of stromatoporoid biostromes in the 
Ludlow of Gotland, Sweden. Sedimentary Geology 
89:325–335.

Kershaw, S., & R. E. Riding. 1978. Parameterization of 
stromatoporoid shape. Lethaia 11:233–242.

Kershaw, S., R. Wood, & L. Guo. 2006. Stromato-
poroid response to muddy substrates in Silurian 
limestones. GFF 128:131–138.

Kissling, D. E., & J. A. Lineback. 1967. Palaeoeco-
logical analysis of corals and stromatoporoids in a 
Devonian biostrome, Falls of the Ohio, Kentucky-
Indiana. Bulletin of the Geological Society of Amer-
ica 78:157–175.

Klovan, J. E. 1964. Facies analysis of the Redwater Reef 
Complex, Alberta, Canada. Bulletin of Canadian 
Petroleum Geology 12:1–100.

Kobluk, D. R. 1974. The orientation of Amphipora 
ramosa fragments and their potential for use in 
paleocurrent studies in Devonian carbonate com-
plexes. Bulletin of Canadian Petroleum Geology 
22:353–356.

Kobluk, D. R. 1975. Stromatoporoid paleoecology 
of the southeastern margin of the Miette carbonate 
complex, Jasper Park, Alberta. Bulletin of Canadian 
Petroleum Geology 23:224–277.

Kobluk, D. R. 1978. Reef stromatoporoid morpholo-
gies as dynamic populations: Application of field 
data to a model and the reconstruction of an Upper 
Devonian reef. Bulletin of Canadian Petroleum Geol-
ogy 26:218–236.

Kobluk, D. R., D. J. Bottjer, & M. J. Risk. 1977. 
Disorientation of Paleozoic hemispherical corals and 
stromatoporoids. Canadian Journal of Earth Sciences 
14:2226–2231. 

Krebs, C. J. 1972. Ecology: The experimental analysis 
of distribution and abundance. Harper and Row. 
New York. 694 p.

Krebs, W. 1974. Devonian carbonate complexes of 
central Europe. In L. F. Laporte, ed., Reefs in time 
and space. Society of Economic Paleontologists and 
Mineralogists Special Publication 18:155–208.

Leavitt, E. M. 1968. Petrology and Palaeontology, Car-
son Creek, North Reef Complex, Alberta. Bulletin of 
Canadian Petroleum Geology 16:298–413.

Machel, H. G., & I. G. Hunter. 1994. Facies models for 
Middle to Late Devonian shallow-marine carbonates, 
with comparisons to modern reefs: A guide for facies 
analysis. Facies 30:155–176.

Marshall, J. E. A., D. A. Rogers, & M. J. Whiteley. 
1996. Devonian marine incursions into the Orcadian 
Basin, Scotland. Journal of the Geological Society, 
London 153:451–466.

Meyer, F. 1981. Stromatoporoid growth rhythms and 
rates. Science 213:894–895.

Monty, C., M. Bernet-Rollande, & A. Maurin.1982. 
Re-interpretation of the Frasnian classical ‘reefs’ 
of the southern Ardennes, Belgium (extended Ab-
stract). Annales de la Société Géologique de Belgique 
105:339–341.

Mori, K. 1969. Stromatoporoids from the Silurian of 
Gotland, I. Stockholm Contributions in Geology 
19:1–100.

Mori, K. 1970. Stromatoporoids from the Silurian of 
Gotland, II. Stockholm Contributions in Geology 
22:1–152.

Mountjoy, E. W., & R. Riding. 1981. Foreslope 
stromatoporoid-renalcid bioherm with evidence 
of early cementation, Devonian Ancient Wall 
reef complex, Rocky Mountains. Sedimentology 
28:299–319.

Nestor, H. 1984. Autecology of stromatoporoids in Si-
lurian cratonic seas. In M. G. Bassett & J. D. Lawson, 
eds., Autecology of Silurian organisms. Special Papers 
in Palaeontology 32:265–280.

Nestor, H. 1995. Ordovician and Silurian reefs in the 
Baltic area. In B. Lathuiliere & J. Geister, eds., Coral 
reefs in the past, present and future. Proceedings 
of the Second European Regional Meeting of the 
International Society for Reef Studies, Luxembourg. 
Publications du Service Géologique du Luxembourg 
29:39–47.

Nicholson, H. A. 1885–1892. A monograph of the 
British stromatoporoids. Monograph of the Palaeon-
tographical Society. London. p. 1–234, 22 pl.

Noble, J. P. A. 1970. Biofacies analysis, Cairn Forma-
tion, of Miette reef complex (Upper Devonian), 
Jasper Park, Alberta. Bulletin of Canadian Petroleum 
Geology 18:493–543.



24 Treatise Online, number 31

Pielou, E. C. 1966. The measure of diversity in different 
types of biological conditions. Journal of Theoretical 
Biology 13:131–144.

Playford, P. E. 1980. Devonian “Great Barrier Reef ” 
of Canning Basin, Western Australia. Bulletin of 
the American Association of Petroleum Geologists 
64:814–840.

Playford, P. E., & A. E. Cockbain. 1989. Devonian 
reef complexes, Canning Basin, Western Australia: 
A review. Memoir of the Association of Australasian 
Palaeontologists 8:401–412.

Playford, P. E., & D. C. Lowry. 1966. Devonian reef 
complexes of the Canning Basin, Western Australia. 
Bulletin of the Geological Survey of Western Aus-
tralia 18:1–150.

Prosh, E., & C. W. Stearn. 1996. Stromatoporoids from 
the Emsian (Lower Devonian) of Arctic Canada. 
Bulletins of American Paleontology 109(349):1–66.

Racki, G., & M. Sobstel. 2004. Very large stromatopo-
roid indicating early Frasnian reef core (Holy Cross 
Mts., Poland). Geological Quarterly 48:83–88.

Riding, R. E. 1981. Composition, structure and 
environmental setting of Silurian bioherms and 
biostromes in Northern Europe. In D. F. Toomey, 
ed., European Fossil Reef Models. SEPM Special 
Publications 30:41–83.

Riding, R. 1990. Organic reef categories. 13th Inter-
national Sedimentological Congress, Nottingham, 
U.K. Abstracts, p. 458. 

Riding, R., & N. Watts. 1991. The Lower Wenlock reef 
sequence of Gotland: Facies and lithostratigraphy. 
Geologiska Föreningens i Stockholm Förhandlingar 
(GFF) 113:343–372.

Sandström, O., & S. Kershaw. 2008. Palaeobiology, 
ecology, and distribution of stromatoporoid faunas 
in biostromes of the mid-Ludlow of Gotland, Swe-
den. Acta Palaeontologica Polonica 53(2):293–302.

Scrutton, C. T. 1977a. Reef facies in the Devonian of 
eastern South Devon, England. Memoirs de Bureaux 
de Recherche Géologie Minieraux 89:125–135.

Scrutton, C. T. 1977b. Facies variations in the Devo-
nian limestones of eastern South Devon. Geological 
Magazine 114:165–248.

Sønderholm, M., & T. L. Harland. 1989. Franklin-
ian reef belt, Silurian, North Greenland. In H. H. 
J. Geldsetzer, N. P. James, & G. E. Tebbutt, eds., 
Reefs, Canada and adjacent areas. Canadian Society 
of Petroleum Geologists, Memoir 13:356–366.

Stearn, C. W. 1975. Stromatoporoid assemblages, 
Ancient Wall reef complex (Devonian), Alberta. 
Canadian Journal of Earth Sciences 12:1631–1667.

Stearn, C. W. 1982. The shapes of Paleozoic and 
modern reef-builders: A critical review. Paleobiology 
8:228–241.

Stearn, C. W. 2010. Part E, Revised, Volume 4, Chap-
ter 9F: Functional morphology of the Paleozoic 
stromatoporoid skeleton. Treatise Online 8:1–26, 
fig. 1–9. 

Stock, C. W. 1990. Biogeography of the Devonian 
stromatoporoids. In W. S. McKerrow & C. R. Sco-
tese, eds., Paleozoic paleogeography and biogeogra-
phy. Memoir of the Geological Society of London 
12:257–265.

Stock, C. W. 1995. Paleobiogeographical range of 
North American Devonian stromatoporoids: the 
roles of global and regional controls. In M. J. Comas-
Rengifo, A. Perejón, S. Rodriguez, & W. J. Sando, 
eds., Seventh International Symposium on Fossil 
Cnidaria and Porifera, Abstracts volume. Madrid, 
Spain. p. 89. 

Stock, C. W. 2005. Devonian stromatoporoid origi-
nations, extinctions and paleobiogeography: How 
they relate to the Frasnian-Famennian extinction. 
In D. J. Over, J. R. Morrow, & P. B. Wignall, eds., 
Understanding Late Devonian and Permian-Triassic 
Biotic and Climatic Events: Towards an Integrated 
Approach. Elsevier, B.V. Amsterdam. p. 71–92.

Tsien, H. H. 1974. Paleoecology of Middle Devonian 
and Frasnian in Belgium. In J. Bouckaert & M. 
Streel, eds., International Symposium on Belgian 
micropalaeontological limits, Namur. Publications of 
the Geological Survey of Belgium12:1–53.

Watts, N. R. 1988a. Carbonate particulate sedimenta-
tion and facies within the Lower Silurian Högklint 
patch reefs of Gotland, Sweden. Sedimentary Geol-
ogy 59:93–113.

Watts, N. R. 1988b.The role of carbonate diagenesis in 
exploration and production from Devonian pinnacle 
reefs, Alberta, Canada. Bulletin of the Geological 
Society of Malaysia 22:1–22.

Webby, B. D. 1980. Biogeography of Ordovician stro-
matoporoids. Paleogeography, Palaeoclimatology, 
Paleoecology 32:1–19.

Webby, B. D. 1986. Early Stromatoporoids. In A. Hoff-
man & M. H. Nitecki, eds., Problematic fossil taxa. 
Oxford University Press. New York. p. 148–166.

Webby, B. D. 1994. Evolutionary trends in Ordovi-
cian stromatoporoids. Courier Forschungsinstitut 
Senckenberg 172:373–380.

Webby, B. D., & S. Kershaw. 2011. Part E, Revised, 
Volume 4, Chapter 9B: External morphology of the 
Paleozoic Stromatoporoidea: Shapes and growth 
habits. Treatise Online 25:1–73, 44 fig. 

Willenz, P., & W. F. Hartman. 1989. Micromorphol-
ogy and ultrastructure of Caribbean sclerosponges. 
Marine Biology 103:387–401.

Wilson, J. L. 1975. Carbonate facies in geologic history. 
Springer-Verlag. Berlin. 471 p.

Wood, R. 1996. The changing biology of reef-building. 
PALAIOS 10:517–529.

Wood, R., A. Zhuravlev, & F. Debrenne, 1992. 
Functional biology and ecology of Archaeocyatha. 
PALAIOS 7:131–156. 

Wörheide, G. 1998. The reef cave dwelling ultracon-
servative coralline demosponge Astrosclera willeyana 
Lister 1900 from the Indo-Pacific. Facies 38:1–88.


