Reports

Tiering in Suspension-Feeding Communities on Soft Substrata

Throughout the Phanerozoic

Abstract. Tiering of benthic marine suspension-feeding communities on soft sub-
strata has varied throughout the Phanerozoic. Epifaunal tiering was most developed
during the middle and late Paleozoic and the Triassic to Jurassic, with large-scale
reductions in tiering occurring during the Permian-Triassic extinctions and after
the Jurassic. Infaunal tiering reached its highest level of organization after the Pa-

leozoic.

Tiering, the establishment of a com-
munity structure in which different orga-
nisms are distributed vertically in space
(1), is a common biological solution for
resource partitioning. Temperate forest
communities (2) and infaunal marine de-
posit-feeding communities (3) are exam-
ples where tiering can be found in dispa-
rate settings.

The role and evolution of tiering in
benthic marine suspension-feeding com-
munities are not well known, and a gen-
eral model has not been developed. We
describe the Phanerozoic history of tier-
ing in suspension-feeding communities
on soft substrata from nonreef, shallow
subtidal sheif and epicontinental sea set-
tings (¢). Communities in only one major
habitat are considered in order to elimi-
nate effects of environmental variabil-
ity, which influence community develop-
ment.

The importance of tiering in Paleozoic
benthic communities was initially sug-
gested for epifaunal crinoid communities
(5), and tiering has proved useful in
interpreting the paleoecology of younger
strata (6). However, a consistent appli-
cation of a tiering model has not been
followed (7).

The proposed history through the
Phanerozoic of infaunal and epifaunal
suspension-feeding communities is shown
in Fig. 1 (8). In epifaunal communities
four tier subdivisions are recognized (9).
A subdivision below approximately S cm
above the substratum has been main-
tained throughout the Phanerozoic by
organisms feeding from water close to
the sediment-water interface. This tier
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was established during the Paleozoic by
mollusks, brachiopods, bryozoans, cor-
als, and echinoderms (10). After the Pa-
leozoic mollusks, bryozoans, annelids,
and corals became dominant in this tier,
and brachiopods were important only
locally (11).

The highest epifaunal tier at approxi-
mately 10 cm was established in the
Lower and Middle Cambrian and con-
tained blastozoan echinoderms (eocri-
noids) (/2) and sponges. The composi-

tion of this tier changed in the Early
Ordovician to primarily bryozoans, cor-
als, echinoderms (including crinoids,
paracrinoids, cystoids, and eocrinoids),
graptolites, and sponges (/3). Gross
composition of the 10-cm tier then re-
mained relatively constant to the end of
the Paleozoic (14). The 10-cm upper limit
of this tier was maintained until at least
the Middle Silurian (I5). Fenestrate
bryozoans of the suspension-feeding
communities increased the upper level of
this tier to 20 cm by at least the Early
Mississippian (16).

Although no documentation is avail-
able, the upper limit of this tier must
have decreased during the Permian-
Triassic extinctions because fenestrate
bryozoans and most stalked echino-
derms became extinct at that time. Prob-
ably during the Triassic and certainly by
the Jurassic, this tier was reestablished
at 20 cm by corals, sponges, bivalves,
alcyonarians, and bryozoans (I1). The
20-cm level and gross taxonomic aspect
of this tier did not change throughout the
remainder of the Mesozoic and Cenozo-
ic.

The maximum height of epifaunal tier-
ing changed markedly throughout the
Phanerozoic. By at least the Middle
Cambrian it was 10 cm, and by the
Middle Ordovician crinoids were proba-
bly living at least SO cm above the sub-
stratum (77). Blastoids and cystoids re-
mained predominantly in the tiers
around 5 and 10 cm. By the Middle
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Fig. 1. Tiering in soft substrata suspension-feeding communities through the Phanerozoic. The
heaviest lines represent the maximum level of tiering above or below the substratum at any time
(8). Other lines represent levels of tier subdivision. Solid lines represent data, and dotted lines

are inferred levels.
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Silurian, if not earlier, some crinoids had
stems 1 m in length (/5). This 1-m level
was maintained through at least the Mis-
sissippian and probably into the Pennsyl-
vanian and Early Permian (5, 16). An
additional tier at 50 cm has been pro-
posed for Middle Mississippian crinoid
communities (5, 16). Whether these Mid-
dle Mississippian communities represent
an acme in epifaunal tiering in suspen-
sion-feeding communities on soft sub-
strata has not yet been documented.
During the Pennsylvanian or Permian
this proposed uppermost tier must have
decreased, as did the tier at 20 cm,
because of extinctions. Neither the low-
est position that the upper tier reached as
a result of Permian-Triassic extinctions
nor the pattern of recovery is preserved.
Crinoids reestablished the maximum
community height at approximately 1 m
in communities of the European Triassic
(18), and this level was probably main-
tained through the Jurassic. After the
Jurassic, stalked echinoderms were gen-
erally not a part of shallow water com-
munities (/9), and for the first time since
the Cambrian, they did not establish the
upper tier of epifaunal suspension-feed-
ing communities. Instead, beginning in
the early Cretaceous, alcyonarians and
sponges probably began to dominate this
position (20). Since the Jurassic a maxi-
mum height of approximately 50 cm has
been maintained (/7), although maxi-
mum structural development in epifaunal
suspension-feeding communities may be
rare because of increased predation and
infaunal activity (21, 22).

Infaunal suspension-feeding communi-
ties on soft substrata have a maximum of
three tier subdivisions that have been
recognized. Until the Devonian general-
ly only a single tier was present at ap-
proximately 6 cm below the sediment-
water interface. Trace fossil evidence
(23) indicates that this tier was present in
the Cambrian. Inarticulate brachiopods
(24) and burrowing bivalves (25) became
established in this tier during the Ordovi-
cian, and suspension-feeding gastropods
possibly became constituents during the
Devonian (26).

In the Devonian several bivalve taxa,
particularly lucinids (27), had increased
their burrowing abilities so that a tier
with a limit at approximately 12 cm be-
low the sediment-water interface was
established. By the Mississippian si-
phonate anomalodesmatan bivalves had
populated this tier, and several were able
to burrow below 12 cm (28, 29). Permian
anomalodesmatans (30) and possibly sus-
pension-feeding arthropods (3/) reached
a depth approaching 1 m. After the Pa-
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leozoic, siphonate heterodont bivalves
underwent extensive diversification and,
by at least the Cenozoic, reached depths
of as much as 1 m (32, 33). The three-tier
infaunal structure established in the Per-
mian has remained, with few changes in
gross taxonomic structure (34).
Adaptive radiations of benthic inverte-
brates into new tiering levels should
have led to overall increases in diversity
as new habitats were filled. The varia-
tions in diversity in the Phanerozoic, as
described by Sepkoski (35, 36), closely
parallel the trends proposed of increas-
ing and decreasing tiering. For example,
Sepkoski’s (36) Cambrian fauna is char-
acterized by relatively simple tiering of
infaunal and epifaunal suspension-feed-
ing communities on soft substrata, his
Paleozoic fauna is characterized by high
levels of epifaunal tiering, and his post-
Paleozoic fauna is characterized by well-
developed infaunal tiering. Although nu-
merous other factors certainly play a
part in determining diversity, the history
of tiering suggests that tiering may have
been one of the major factors controlling
diversity through the Phanerozoic.
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