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PHENOTYPIC BRADYTELY IN THE COSTALOCRINUS-BARYCRINUS LINEAGE
OF PALEOZOIC CLADID CRINOIDS
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Department of Geology and Geography, West Virginia University, Morgantown 26506-6300, ,tkammer@wvu.edu.

ABSTRACT—Two new species of primitive cladid crinoids, Costalocrinus ibericus and C. thymos, from the Lower Devonian (Emsian)
of northwest Spain, provide important information on the evolution of the Costalocrinus-Barycrinus lineage during the Devonian and
Mississippian. Costalocrinus ibericus n. sp. is morphologically similar to Barycrinus rhombiferus (Owen and Shumard, 1852) from the
Mississippian, except for the characters of the anal X plate and degree of calcification of the anal sac. These two species are separated
by approximately 55 m.y. and provide evidence of slow morphologic change, or phenotypic bradytely, in this lineage. Such slow
morphologic change is consistent with the previous interpretation of Barycrinus as an ecologic generalist. Very few other genera of
Paleozoic crinoids evolved at such a slow rate. Costalocrinus thymos n. sp. is more typical of other species of Costalocrinus from the
Middle Devonian and Lower Mississippian. Phylogenetic analysis suggests the ancestral lineage of the Mississippian genus Barycrinus
evolved from Costalocrinus near the base of its radiation in the Early Devonian (Emsian).

INTRODUCTION

THE PRIMITIVE cladid crinoid genus Barycrinus is one of the
most common crinoids in Mississippian rocks of eastern

North America (Kammer and Ausich, 1996). Late Osagean–early
Meramecian rocks of the east-central United States arguably re-
cord the peak diversity and abundance of crinoids during their
Paleozoic history (Ausich et al., 1994; Kammer et al., 1997,
1998). During this time eight species of Barycrinus occurred at
more localities than the species of any other crinoid genus ac-
counting for nine percent of all species occurrences during this
time (Kammer et al., 1998, appendix 2). Except for a questionable
occurrence of Barycrinus sp. in the Kinderhookian (Weller, 1909,
p. 279, pl. 11, fig. 22), Barycrinus first appeared in the rock record
with six species in the early Osagean Burlington Limestone (Bas-
sler and Moodey, 1943; Gahn and Kammer, submitted). Where,
when, and how did Barycrinus evolve?

McIntosh (1984) provided extensive evidence for an evolution-
ary relationship between Barycrinus and the Devonian genus Cos-
talocrinus. In fact he showed that Barycrinus cornutus (Owen and
Shumard, 1852) should be assigned to Costalocrinus, extending
the range of Costalocrinus into the Mississippian. According to
McIntosh (1984, p. 1276), the major difference between Costal-
ocrinus and Barycrinus is that the former has a large shield-
shaped anal X plate that articulates with the C and D radials and
arms to form a ‘‘basin’’ in the posterior interarea, which presum-
ably supported the anal sac. Barycrinus has a small anal X plate
that does not extend above the adjacent radial plates. Devonian
species of Costalocrinus generally have narrower arms, with more
extensive branching, and when preserved, well-developed, heavy-
plated anal sacs similar to the Late Silurian Botryocrinus and
unlike Barycrinus. Of the hundreds of specimens of Barycrinus
in museum collections, none are known to the author to have a
distinct anal sac, although some specimens have small, thin, dis-
articulated plates between the arms that appear to be from a dis-
integrated anal sac (e.g., Kammer and Ausich, 1996, fig. 2.18).
A specimen of B. rhombiferus (Owen and Shumard, 1852) with
preserved tegmen plates that may have been part of the anal sac
is also known (Fig. 1.4). Did Barycrinus evolve directly from
Devonian species of Costalocrinus by reduction of the anal X
plate and anal sac, and changes in arm morphology?

The present paper describes a new species, Costalocrinus ib-
ericus (Fig. 1.6–1.10), from the Lower Devonian (Emsian) of
Spain. The characters of this species are similar to Barycrinus.
However, C. ibericus n. sp. does have a large anal X plate that
apparently is part of a posterior ‘‘basin’’ structure, thus requiring
its placement in Costalocrinus. The phenotypic similarity between

C. ibericus n. sp. and the very common B. rhombiferus (Kammer
and Ausich, 1996, p. 840) (Fig. 1.4, 1.5) suggests extremely slow
evolution within at least one branch of the Costalocrinus-Bary-
crinus lineage.

A second species, C. thymos n. sp. (Fig. 1.1–1.3), occurs with
C. ibericus n. sp. and is also described. Although it is less well
preserved, it apparently has characters more typical of other spe-
cies of Costalocrinus.

SYSTEMATIC PALEONTOLOGY

Terminology follows Ubaghs (1978). Examined material is
housed in the following museums: FMNH, Field Museum of Nat-
ural History, Chicago; MGM, Museo Geominero, Madrid, Spain;
RGM, Naturalis, National Museum of Natural History, Leiden,
Netherlands; USNM, U.S. National Museum of Natural History,
Washington D.C.

Class CRINOIDEA Miller, 1821
Order CLADIDA Moore and Laudon, 1943

Family BOTRYOCRINIDAE Wachsmuth and Springer, 1886
Genus COSTALOCRINUS Jaekel, 1918

COSTALOCRINUS IBERICUS new species
Figure 1.6–1.10, Table 1

Cyathocrinites sp. BREIMER, 1962, p. 158, pl. 15, figs. 9, 10.
non Costalocrinus consolidatus (Schmidt, 1941). MCINTOSH, 1984, p.

1265.

Diagnosis.Wide arms exhibiting bimodal arm widths similar
to Barycrinus, a lightly calcified tegmen/anal sac, anal X articu-
lates with primibrachials, and a weakly developed posterior ‘‘ba-
sin.’’

Description.Crown small. Aboral cup bowl shaped, medium
height, height to width ratio approximately 0.55; base convex;
plates thick, with robust ridges radiating from the basals onto the
infrabasals and radials produced by depression of sutures at plate
corners; infrabasals visible in side view, smallest plates in cup;
basals smaller than radials, higher than wide, hexagonal, including
CD basal; radials large, wider than high, height to width ratio
approximately 0.8; radial facets wide, angustary, crescentic, A, C,
and D facets more declivate than B and E facets. Radianal absent;
anal X large, shield shaped, extending above the C and D radials,
articulating with the first two primibrachials on the D ray and the
first three primibrachials on the C ray. Anal sac present, poorly
preserved, composed of numerous small, nondescript plates (Fig.
1.7). Proximal arms display a lateral flange where the anal sac
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FIGURE 1—1–3, Costalocrinus thymos n. sp., anterior, aboral (posterior up), and posterior views of holotype, RGM 293 098, 33.0. 4, 5, Barycrinus
rhombiferus (Owen and Shumard, 1852); 4, posterior view of USNM S7201, note the preserved tegmen (the hole was created during specimen
preparation and is not the anal opening), Edwardsville Formation, Indian Creek, Indiana, 31.0.; 5, aboral view (posterior up) of holotype, FMNH
UC 6363, Burlington Limestone, Burlington, Iowa, 31.5. 6–10, Costalocrinus ibericus n. sp., aboral (posterior up), A-ray, B-C ray, posterior, and
D-E ray views of MGM-2984-D, 32.0.

presumably rested against the arms. Arms simple ramulate, ro-
bust, all rays axillary on primibrachial two, although A-ray miss-
ing, B and E rays have three main arms/rami with secundibrachial
four axillary on just one primary arm, C and D rays apparently
have four main arms with secundibrachial two axillary on each
primary arm; small armlets/ramules, or their articulation scars,
spaced every second brachial. Main arms distinctly wider than
armlets/ramules producing a pattern of bimodal arm widths. Bra-
chials robust, nearly circular in transverse view, rectangular in
aboral view, wider than long. Column unknown, but attachment
scar on aboral cup is subpentagonal.

Etymology.Ibericus, in reference to the Spanish provenance.
Type.The holotype and only known specimen is MGM-2984-

D, Museo Geominero, Madrid, Spain. Breimer (1962) listed it as
TB 74 at the Museo del Instituto geológico y minero de España,
Madrid.

Occurrence.Lower Devonian, Emsian; upper part of the La
Vid Formation at Colle east of Bonar, Leon and Castile, Spain
(Breimer, 1962, p. 174–176). Breimer (1962, p. 181) listed 15
other species of crinoids from this same horizon, which contains
the oldest Devonian crinoids in northwestern Spain. Younger cri-
noid faunas occur in Eifelian and Givetian age rocks.

Discussion.The large, shield-shaped anal X that articulates
with the proximal brachials of the C and D rays is the basis for
placement in Costalocrinus. The type species for the genus, C.
dilatatus (Schultze, 1867) known only from isolated cups, has a
very prominent posterior ‘‘basin’’ composed of the anal X, the C
and D radials, and a fourth unnamed plate in the interior of the
cup (Moore et al., 1978, fig. 396.5d). The arms must be absent
to observe such a basin, so it is not possible to view the basin in
C. ibericus, but the articulation of the anal X with the C and D
proximal brachials is similar to other species of Costalocrinus
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FIGURE 2—Cladogram of strict consensus of six most parsimonious trees
from PAUP character analysis with outgroup as Botryocrinus ramosis-
simus. Length 5 32, C.I.: 0.94, R.I.: 0.80, R.C.: 0.75.

FIGURE 3—Cladogram of 50 percent majority-rule consensus tree based
on bootstrap analysis (branch-and-bound search) of character matrix
with 1,000 replications.

TABLE 1—Measurements, in mm, of Costalocrinus ibericus n. sp. and C. thymos n. sp. Cup width is variable because of burial compaction. Representative
cup plate measurements based on A ray plates.

Crown
H

Cup

H W

A-infrabasal

H W

AB-basal

H W

A-radial

H W

Anal X

H W

C. ibericus
30.0 6.0 9.3–12.8 1.2 2.3 3.2 2.9 4.4 5.6 4.0 3.8

C. thymos
— 7.4 10.8–11.3 1.8 2.7 4.0 3.8 4.5 5.2 3.2 3.3

(McIntosh, 1984). The anal X is not expanded outward as in C.
dilatatus, C. sentosus (Goldring, 1923), C. conkini McIntosh, and
C. rex McIntosh (1984), so the posterior basin is considered to
be weakly developed rather than having been compressed during
preservation.

Costalocrinus is reported to have a radianal plate (Moore et al.,
1978, p. T614). However, as shown by McIntosh (1984, fig. 6E),
the radianal can be overgrown by surrounding plates and, thus,
appear to be absent. The presence of a radianal is highly variable
in Barycrinus as well (Kammer and Ausich, 1996, p. 838). The
absence of a radianal in C. ibericus is judged to be of no phy-
logenetic significance.

Previously recognized species of Costalocrinus include C. di-
latatus, C. sentosus, C. rex, C. conkini, C. consolidatus (Schmidt,
1941), C. helenae (Schmidt, 1941), and C. cornutus (Owen and
Shumard, 1850). These other species differ from C. ibericus in
the following ways. The type species of the genus, C. dilatatus
from the Middle Devonian (Eifelian), is based on three isolated
cups lacking arms, tegmen, or stem. The posterior basin is very
prominent (Moore et al., 1978, fig. 396.5a–d) unlike in C. iberi-
cus, and the radial facets are substantially narrower suggesting

narrow arms unlike in C. ibericus, but the cup shape, ornamen-
tation, and depressed plate corners are similar. Costalocrinus sen-
tosus from the Middle Devonian (Givetian) differs in having nar-
rower arms that branch several times, a moderately-developed
posterior basin, and a large and recumbent anal sac composed of
plicate plates (McIntosh, 1984, fig. 3). Both C. rex (Givetian) and
C. conkini (Eifelian) differ in having large nodose basals and a
well-developed posterior basin (McIntosh, 1984, fig. 5); anal sac
and arms are unknown, except for proximal brachials in C. rex.

Costalocrinus consolidatus (Emsian) (Schmidt, 1941, pl. 19,
fig. 5a, b) has an anal X plate that projects outward as part of the
posterior basin, and slender arms with brachials that are longer
than wide; the proximal brachials of the C and D ray do not
articulate with the anal X plate as in C. ibericus; it also lacks an
anal sac, which may be the result of non-preservation. Costalo-
crinus helenae from the Lower Devonian (Pragian) is the oldest
known Costalocrinus. It is based on a partial specimen consisting
of only the posterior interarea, with no basals or infrabasals, and
parts of a few arms (Schmidt, 1941, pl. 25, fig. 7). Those arms
that are preserved are wide with brachials wider than high, as in
C. ibericus. The partial nature of this specimen, especially the
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FIGURE 4—Cladogram of 50 percent majority-rule consensus tree of 12
most parsimonious trees if characters 7 and 8 are omitted from the
analysis shown in Figure 2. Length 5 29, C.I.: 0.97, R.I.: 0.86, R.C.:
0.83.

almost entirely absent aboral cup, makes its phylogenetic signif-
icance difficult to judge. Costalocrinus cornutus from the Missis-
sippian (Osagean) is similar to C. rex in having bulbous basals
and nodes on the radials (McIntosh, 1984, fig. 6A–E).

Except for the large shield-shaped anal X that articulates with
the C and D ray proximal brachials, the cup and arm characters
of C. ibericus most closely resemble those of Barycrinus rhom-
biferus (Owen and Shumard, 1852) (Fig. 1.4, 1.5) from the Os-
agean and Meramecian (Kammer and Ausich, 1996, p. 840). The
significance of this is discussed in the sections on Phylogenetic
Analysis and Bradytely.

COSTALOCRINUS THYMOS new species
Figure 1.1–1.3, Table 1

Diagnosis.Strong protuberances on the basals; basals, radials,
and anal X have a ‘‘warty’’ texture; base of cup flat.

Description.Aboral cup small, bowl shaped, medium height,
height to width ratio 0.67; base flat, slightly concave; plates thick;
sutures slightly depressed at plate corners; infrabasals visible in
side view, smallest plates in cup; basals prominent, slightly small-
er than radials, nearly equidimensional, hexagonal, except for
heptagonal CD basal, each basal with a robust ‘‘warty’’ protu-
berance; radials large, wider than high, height to width ratio ap-
proximately 0.8; radial facets wide, angustary, crescentic, all
highly declivate, surface ornamentation consists of small nodes.
Radianal present, small, quadrangular; anal X large, extending
above the C and D radials, with strong, warty protuberance similar
to those on basals. Anal sac, arms, and column unknown.

Etymology.Thymos, Greek for warty, referring to the warty
texture on the cup plates.

Type.The holotype, and only known specimen, is RGM 293
098. The specimen was located in unidentified material collected
by students from the University of Leiden during the 1950s.

Occurrence.Lower Devonian, Emsian; upper part of the La
Vid Formation at Colle east of Bonar, Leon and Castile, Spain
(Breimer, 1962, p. 174–176).

Discussion.This species is assigned to Costalocrinus in spite
of lacking arms. All cup characters are consistent with Costalo-
crinus. The ornamentation on the basals and radials is very similar
to the that of the Mississippian C. cornutus, suggesting this phe-
notype may be either long lived or easily evolved in the genus.
However, the cup of C. thymos has a flat base and is higher than
in C. cornutus.

PHYLOGENETIC ANALYSIS

Parsimony based character analysis was performed using PAUP
3.1 (Swofford, 1993) on 13 characters for seven species of Cos-
talocrinus and Barycrinus, and the outgroup Botryocrinus ramo-
sissimus Angelin (Angelin,1878; Bather, 1893; Moore et al., 1978,
fig. 398.1f–i) (Appendices 1 and 2). All characters are equally
weighted and unordered. Polymorphism is coded as multi-state
characters (Appendices 1 and 2). In addition to the two new spe-
cies of Costalocrinus described in this paper, three other species,
C. rex, C. sentosus, and C. cornutus, analyzed by McIntosh
(1984) were included for comparison. Also included was C. con-
solidatus (Schmidt, 1941), the species in which McIntosh (1984)
placed Cyathocrinites sp. of Breimer (1962), the holotype of C.
ibericus. The type species of the genus, C. dilatatus, is known
only from isolated cups and, thus, is not included in the analysis.
Barycrinus is represented by B. rhombiferus, which is the most
abundant and longest ranging species of Barycrinus (Kammer and
Ausich, 1996). It is known from hundreds of specimens, thus, it
exhibits several polymorphic characters (Appendix 2). The out-
group, B. ramosissimus, from the Upper Silurian (Wenlockian) of
Gotland, is the type species of Botryocrinus, the presumed sister
taxon of Costalocrinus (McIntosh, 1984).

An exhaustive search found six trees with the shortest length
of 32 steps (C.I.: 0.94, R.I.: 0.80, R.C.: 0.75). The strict consensus
cladogram places B. rhombiferus near the base of the tree in a
polytomy with C. consolidatus and a branch leading to all other
species of Costalocrinus (Fig. 2). Of the six most parsimonious
trees, three trees place C. consolidatus closest to C. ibericus,
whereas the other three trees places B. rhombiferus closest to C.
ibericus. A bootstrap analysis of the character matrix with 1,000
replications, using branch-and-bound search, recovered the 50
percent majority-rule consensus tree (Fig. 3). This tree has a sim-
ilar topology to the strict consensus cladogram except that C.
consolidatus is linked more closely to C. ibericus 52 percent of
the time, versus 48 percent of the time for B. rhombiferus. Ex-
amining all trees one step longer than the shortest six trees (57
trees #33 steps) yielded a 50 percent majority-rule consensus tree
nearly identical to Figure 3, except that C. consolidatus was clos-
est to C. ibericus 53 percent of the time.

As noted in the strict consensus cladogram (Fig. 2), B. rhom-
biferus and C. consolidatus are equally close to the outgroup B.
ramosissimus. They are also equally close to C. ibericus. In fact
if the anal X characters (Appendix 1, characters 7 and 8) are
omitted from the analysis, C. ibericus and B. rhombiferus are
grouped together on a polytomy demonstrating their great simi-
larity apart from the differences associated with their anal X plates
(Fig. 4).

Interpreting the cladograms as a phylogeny suggests that C.
ibericus is closely related to both C. consolidatus and B. rhom-
biferus. Costalocrinus consolidatus is apparently the least derived
species of Costalocrinus from Botryocrinus. It also appears that
the ancestor of B. rhombiferus originated near the base of the
Costalocrinus radiation. Both C. consolidatus and C. ibericus are
Emsian in age and are the oldest known, reasonably complete
species of Costalocrinus. The Pragian C. helenae (Schmidt, 1941)
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TABLE 2—Five longest durations of 76 late Osagean-early Meramecian cri-
noid genera compared to Costalocrinus ibericus n. sp.-Barycrinus rhom-
biferus lineage. Mean of all 76 genera is 23 m.y. Ranges from Webster
(1973, 1977, 1986, 1988, 1993), or where there is disagreement the ranges
from Sepkoski’s unpublished compilation of generic ranges are included
(italics). Durations based on epoch/stage midpoints of time scale of Young
and Laurie (1996).

Taxon Clade Range

Dura-
tion,
m.y.

Cyathocrinites

Synbathocrinus
Platycrinites

Primitive Cladid

Disparid
Camerate

Wenlockian-Ufimian
Wenlockian-Visean
Eifelian-Ufimian
Tournaisian-Ufimian

153
87

112
80

Dichocrinus

Scytalocrinus

Camerate

Advanced Cladid

Famennian-Artinskian
Famennian-Moscovian
Famennian-Moscovian

79
51
51

C. ibericus n. sp.-
B. rhombiferus Primitive Cladid Emsian-Visean 55

is the oldest species of Costalocrinus (McIntosh, 1984), but is too
poorly preserved for inclusion in the phylogenetic analysis. It is
represented by a single specimen consisting of only the C and D
radials, anal X, and the C and D proximal arms; the remainder
of the calyx is missing (Schmidt, 1941, pl. 25, fig. 7).

Based on the branching pattern of the cladograms, and the
overall morphologic similarity between C. ibericus and B. rhom-
biferus (Fig. 1), I hypothesize that the ancestral lineage of Bary-
crinus split off near the base of the Costalocrinus radiation. The
earlier Costalocrinus from the Emsian, C. ibericus and C. con-
solidatus, share more characters with Barycrinus than do later
Costalocrinus from the Givetian, C. sentosus and C. rex.

Younger species of Costalocrinus from the Middle Devonian
and Early Mississippian form a distinct crown group, which does
not appear to be directly ancestral to the various species of Bar-
ycrinus in the Mississippian. Note that C. thymos is linked with
C. cornutus. This linkage probably reflects homoplasy as these
two species are widely separated in time, Emsian vs. Tournaisian-
Visean, and they are linked primarily on the basis of similar plate
ornamentation, specifically the bulbous nodes on their cup plates
(Appendix 2). Costalocrinus thymos also has the largest number
of unknown character states in the analysis (Appendix 2), so its
placement on the tree is rather tentative and not of great signifi-
cance. In contrast, C. ibericus and B. rhombiferus both have a
complete set of character states (Appendix 2), which allows great-
er confidence in the interpretation of their phylogeny.

The fossil record is limited for Costalocrinus and Barycrinus
between the Emsian and the zenith of Barycrinus during the Os-
agean and, thus, many important intermediate forms are probably
missing. Nonetheless, it does appear that the basic phenotype of
Barycrinus, as shown by the close linkage of C. ibericus and B.
rhombiferus in the cladograms (Figs. 2–4) and their overall sim-
ilarity (Fig. 1), had evolved by the Early Devonian in Europe.
This ancestral lineage, or ghost lineage (Carlson, 1999, fig. 2.7),
of Barycrinus survived in some unknown location until the Early
Mississippian where it experienced a peak in species diversity and
abundance in eastern North America. It is certainly possible that
the similarities between C. ibericus and B. rhombiferus are the
result of convergent evolution, but parsimony argues otherwise.

BRADYTELY

Bradytely is the slowest of three rates of evolutionary change
defined by George Gaylord Simpson: bradytely (slow), horotely
(medium), and tachytely (fast) (Simpson, 1944). Bradytely has
been linked to the concept of ‘‘living fossils,’’ which supposedly
are examples of arrested evolution. Stanley (1984) argued that
these three evolutionary rates are not distinct, but rather are part
of an evolutionary continuum of longevity. Long-lived taxa are
not examples of arrested evolution, rather they are champions at
avoiding extinction. Schopf (1984) doubted the whole concept of
‘‘living fossils’’ and argued that arrested evolution of the genome
is not possible, but preservation of the phenotype by stabilizing
selection or developmental canalization creates the appearance of
bradytely. Fisher (1990) pointed out that individual species may
not be long lived, but overall anatomical similarity may be. He
also stated (1990, p. 158): ‘‘bradytelic taxa show tendencies to-
wards eurytopy with relatively broad, generalized ecological re-
quirements.’’ Stanley (1984) suggested that great niche breadth,
broad geographic range, or protection in a cloistered habitat may
be responsible for long-lived taxa.

The above points suggest that the term ‘‘bradytely’’ is useful
for describing taxa that for whatever reason had a slow rate of
phenotypic change. Does the Costalocrinus-Barycrinus lineage,
as shown by the end members C. ibericus and B. rhombiferus,
exhibit slow enough phenotypic change to be considered brady-
telic? Aside from the larger, shield-shaped anal X plate and the

more calcified anal sac in C. ibericus, there is little difference
between these two species. If other species of Costalocrinus with
their well-developed posterior basin were unknown, C. ibericus
would probably be considered a Barycrinus with a larger than
normal anal X plate that extended above the radials and articu-
lated with the proximal brachials. This lineage spans at least 55
m.y., from the middle Emsian to middle Visean. How does this
compare to the typical longevity or duration of a Paleozoic crinoid
genus?

A review of all Paleozoic crinoid genera is beyond the scope
of this short paper, but the late Osagean-early Meramecian crinoid
faunas of the east-central United States have been extensively
studied (Ausich et al., 1994; Kammer et al., 1997, 1998) and were
found to contain 76 genera. The ranges of these genera were
assembled from the literature (Bassler and Moodey, 1943; Web-
ster, 1973, 1977, 1986, 1988, 1993), as well as J. J. Sepkoski,
Jr.’s unpublished generic range data set. Using the stage midpoints
on the geologic time scale of Young and Laurie (1996), I calcu-
lated a mean duration of 23 m.y., which is less than half of the
55 m.y. for the C. ibericus–B. rhombiferus lineage. For compar-
ison, Baumiller (1993), using dynamic survivorship analysis, cal-
culated a mean generic duration of 12 m.y. for 838 genera of
Paleozoic crinoids, whereas Raup (1978), using cohort analysis,
calculated a mean duration of 28 m.y. for 8,500 genera of Phan-
erozoic invertebrates. Whichever standard is used to compare the
duration of the C. ibericus–B. rhombiferus lineage, it is apparent
that its duration is at least two to four times greater than the
average duration of other genera. More importantly, only four of
the 76 crinoid genera had durations that were longer (Table 2).
The C. ibericus–B. rhombiferus lineage and the genera in Table
2 are examples of phenotypic bradytely.

One apparent problem when making such comparisons of du-
ration is that two genera, the Costalocrinus–Barycrinus lineage
as represented by end members C. ibericus and B. rhombiferus,
are being compared to the means from individual genera. Is this
reasonable? Linnaean classification is a highly subjective system.
There are no standards for establishing morphologic boundaries
between genera, or any taxa. Taxa are defined by specialists who
have a shared sense of the range of variation between taxa within
any given group (Winston, 1999). As previously stated, C. iber-
icus differs from B. rhombiferus primarily in possessing a large
anal X plate that articulates with the proximal brachials of the C
and D rays, which is also the primary difference between these
two genera. Should they be in separate genera? Generic characters
are useful for grouping species with similar characteristics, such
as the various species of Costalocrinus that all share a large anal
X plate as part of the posterior basin structure. But as shown by
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the position of B. rhombiferus in the phylogenetic analysis (Figs.
2–4), Barycrinus apparently evolved from an ancestor close to
the base of the Costalocrinus radiation. Thus, the overall mor-
phology of C. ibericus is more similar to Barycrinus than it is to
later species of Costalocrinus such as C. sentosus, C. rex, and C.
cornutus. Linnaean classification obscures the close phylogenetic
relationship of C. ibericus with B. rhombiferus by placing them
in separate genera.

However, for the sake of taxonomic stability diagnostic generic
characters should be honored when classifying organisms, even
if classification can obscure phylogenetic relationships. Some-
where a boundary must be drawn between the various species of
Costalocrinus and Barycrinus if we wish to recognize the overall
differences between the groups of species subsumed within these
genera. To group all the species of these two genera into one
genus would obscure the substantial morphologic differences be-
tween such disparate species as C. sentosus and B. rhombiferus.
This situation is analogous to the taxonomic position of the first
bird Archaeopteryx. By definition, possession of feathers makes
Archaeopteryx a bird, yet its skeletal features are closer to the-
ropods than modern birds (Ostrom, 1976). If no later birds had
evolved, Archaeopteryx would be classified as a feathered the-
ropod, assuming we understood feathers in the absence of birds.

Regardless of these classification issues, the main point of the
present paper is to simply show the phenotypic bradytely of these
crinoids, regardless of their generic assignment. Addressing the
question of how Paleozoic crinoid genera should be defined in
terms of morphologic variation is beyond the scope of the present
paper.

A common feature of bradytelic taxa is that they are ecologic
generalists (Stanley, 1984; Fisher, 1990). Is this true for the Cos-
talocrinus–Barycrinus lineage? As previously mentioned, Osa-
gean-Meramecian species of Barycrinus occur at more localities
than species of any other cohort crinoid genus demonstrating their
broad niche. Kammer et al. (1997, 1998) documented the strong
correlation between eurytopy and species longevity. Mean species
longevity of Barycrinus during the Osagean-Meramecian is ex-
ceeded only by Cyathocrinites (Ausich et al., 1994, appendix 1),
which is also a genus with a very long duration (Table 2). The
basis for the broad niche of Barycrinus was probably its mode of
suspension feeding. Its wide ambulacral grooves and open filtra-
tion fan made it adapted for motile particle capture (zooplankton)
in a wide variety of environments (Ausich, 1980; Kammer and
Ausich, 1987). The two longest surviving genera in Table 2,
Cyathocrinites and Synbathocrinus, also had wide ambulacral
grooves and an open filtration fan and probably fed in the same
manner.

CONCLUSIONS

Costalocrinus ibericus n. sp. indicates that the basic phenotype
found in the common Mississippian crinoid Barycrinus extends
back to the Early Devonian, spanning at least 55 m.y. Only a few
characters, related to the anal X plate and anal sac, are different.
This example of phenotypic bradytely is consistent with the in-
terpretation of Barycrinus as an ecologic generalist with slow
rates of phenotypic evolution as shown by long species duration
(Kammer et al., 1997, 1998). Phylogenetic analysis suggests that
Barycrinus evolved from an ancestor near the base of the Cos-
talocrinus radiation in the Early Devonian and that later species
of Costalocrinus form a distinct clade not directly ancestral to the
Mississippian genus Barycrinus.
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APPENDIX 1—Character states. All characters are equally weighted and unordered.

1. Columnal shape: 0, subpentagonal-pentagonal; 1, circular.
2. Relative cup height (Ubaghs, 1978, fig. 72): 0, low; 1, medium; 2, high.
3. Relative infrabasal size: 0, mostly small; 1, mostly large.
4. Plate corner depression: 0, deeply depressed; 1, slightly depressed; 2, not depressed.
5. Basal plate ‘‘bulbosity’’: 0, bulbous; 1, tumid; 2, planar.
6. Plate surface texture: 0, nodose; 1, ridged; 2, striated; 3, granulose; 4, smooth.
7. Large, shield-shaped anal X plate: 0, present; 1, absent.
8. Anal X articulation: 0, articulates with primibrachials; 1, free from primibrachials.
9. Anal sac: 0, expanded; 1, reduced; 2, greatly reduced or absent.

10. Arm sinuosity: 0, strongly sinuous; 1, moderately sinuous; 2, straight.
11. Armlet spacing: 0, every third brachial; 1, every other brachial.
12. Bimodal arm width distinct (main rami vs. branches): 0, no; 1, yes.
13. Elongate brachials on distal arms: 0, no; 1, yes.

APPENDIX 2—Character matrix used in the phylogenetic analysis. Polymorphic character states listed in parentheses.
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00000
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110
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110
110
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000
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