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ABSTRACT—All species of Barycrinus from the early Osagean Burlington Limestone of the United States midcontinent are reviewed.
Burlington Barycrinus species include: B. rhombiferus (Owen and Shumard, 1852); B. magister (Hall, 1858); B. spurius (Hall, 1858);
B. crassibrachiatus (Hall, 1860); B. scitulus (Meek and Worthen, 1860) n. combination; and B. sampsoni Miller and Gurley, 1896.
Cyathocrinus latus Hall, 1861a, is here considered a junior synonym of B. rhombiferus. The stratigraphic practice of dividing the
Burlington into upper and lower parts, for purposes of reporting species ranges, is evaluated.

Morphologic data from these Burlington species are combined with data from late Osagean and Meramecian botryocrinid species of
Barycrinus and Meniscocrinus, plus four species of Devonian and Mississippian Costalocrinus in a parsimony-based phylogenetic
analysis of Mississippian botryocrinids. Results of this analysis indicate that 1) species of Barycrinus form a monophyletic clade that
radiated rapidly during the Osagean; 2) B. rhombiferus may have been ancestral to all other Barycrinus species; and 3) M. magnitubus
forms a clade with the Mississippian C. cornutus (Owen and Shumard, 1850) and the Devonian C. rex McIntosh, 1984.

INTRODUCTION

THE PRESENT systematic and phylogenetic study of botryocrinid
crinoids from the early Osagean Burlington Limestone is

necessary in light of the extensive taxonomic revisions of late
Osagean–early Meramecian primitive cladids by Kammer and
Ausich (1996). Many previously recognized taxa from the late
Osagean–early Meramecian were shown to be junior synonyms
of Burlington taxa. However, much of the Burlington primitive
cladid fauna was left untreated by Kammer and Ausich (1996).
Comprehensive taxonomic analysis of Burlington primitive clad-
ids is necessary to fully understand the composition of this fauna
and its potential evolutionary relationships to older and younger
faunas. Knowledge of species and generic ranges is also crucial
for future studies of taxonomic longevity and its relationship to
niche breadth (e.g., Kammer et al., 1997, 1998). Barycrinus is
one of the most common primitive cladids in crinoid collections
from the Burlington Limestone and is represented by six species
(and numerous synonyms) recognized herein. Other primitive
cladids, particularly the very common Cyathocrinites, will be the
subject of a future paper.

The Cladida have been recognized as a major order within the
Subclass Inadunata (Moore et al., 1978). Later work suggested
that the Inadunata is a polyphyletic grouping because the disparids
are not closely related to the cladids (Kelly, 1986; Donovan,
1988). The Inadunata is no longer valid, having been replaced by
the subclasses Cladida and Disparida (Ausich, 1998a, 1998b).
Within the Cladida, the Dendrocrinida and Cyathocrinida were
recognized by Ausich (1998b) as monophyletic groups, at least
for the Ordovician genera included in his study. Post-Ordovician
genera assigned to the Cyathocrinina and Dendrocrinina in the
Treatise on Invertebrate Paleontology (Moore et al., 1978) are in
need of further study to determine their correct taxonomic place-
ment. Cladids lacking pinnules were termed primitive cladids by
Kammer and Ausich (1992, 1993, 1994, 1996), whereas those
possessing pinnules were termed advanced cladids. The advanced
cladids equal the Poteriocrinina of the Treatise (Moore et al.,
1978), a group considered to be polyphyletic to an unknown ex-
tent as suggested by Kammer and Ausich (1992), Simms and
Sevastopulo (1993), and Ausich (1998b), among others.

In the present paper, primitive cladids from the Family Botry-
ocrinidae (sensu McIntosh, 1984) are treated. Mississippian bo-
tryocrinids include species from the genera Barycrinus, Costalo-
crinus, and Meniscocrinus Kammer and Ausich, 1996. [Moore et

al. (1978) lists nine other genera of Silurian and Devonian botry-
ocrinids that are not considered in the present study.] The tax-
onomy of Burlington Limestone species is reviewed and their
phylogenetic relationships to both earlier and later botryocrinids
are analyzed.

STRATIGRAPHY

The Burlington Limestone was deposited on a broad, shallow
carbonate shelf that was positioned approximately 20 degrees
south of the early Osagean paleoequator (Witzke and Bunker,
1996), and it is well exposed at numerous localities throughout
west-central Illinois, southeast Iowa, and Missouri. Hall (1857)
named the Burlington Limestone for encrinites exposed along the
bluffs above the Mississippi River at Burlington, Iowa. The Bur-
lington rests unconformably above Kinderhookian strata at most
localities (Lane, 1978) and lies stratigraphically below the Keo-
kuk Formation.

The Burlington Limestone has been recognized as a classic
example of a regional encrinite (Ausich, 1997, 1999), and al-
though crinoidal packstones and grainstones represent the domi-
nant lithology, the Burlington also contains abundant banded and
nodular chert, dolomitic mudstones and wackestones, minor sili-
ciclastics, and glauconitic horizons (Witzke et al., 1990). Burling-
ton encrinites have yielded thousands of specimens of well-pre-
served crinoids; approximately 400 species from this formation
are currently listed in the literature (Bassler and Moodey, 1943;
Webster, 1973, 1977, 1986, 1988, 1993). Although many of these
taxa are in need of taxonomic revision, the Burlington Limestone
preserves one of the most diverse and abundant assemblages of
fossil crinoids in the geologic record.

Many of the specimens from the Burlington Limestone repos-
ited in university and museum collections are reported as being
collected from either the ‘‘lower’’ or ‘‘upper’’ Burlington (Table
1). This stratigraphic nomenclature has been used widely since it
was established by Niles and Wachsmuth (1866) who subdivided
the Burlington based on lithologic and faunal differences. How-
ever, for reasons described below, confusion surrounding the pre-
cise delineation of this boundary has made the assignment of taxa
to either the lower or the upper Burlington problematic.

Later workers made additional biostratigraphic and lithologic
divisions of the Burlington Limestone. Rowley (1908) made the
first attempt at further dividing the Burlington into discrete ‘‘life
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TABLE 1—Time ranges of Mississippian botryocrinids treated in this paper. Time intervals 1 through 8 follow Ausich et al. (1994, fig. 1) and are: 1, lower
Burlington Limestone; 2, upper Burlington Limestone; 3, Montrose Chert Member of Keokuk Limestone and equivalents; 4, upper part of Keokuk Limestone
and equivalents; 5, lower Warsaw Formation and equivalents; 6, upper Warsaw Formation and equivalents; 7, Salem Limestone; 8, St. Louis Limestone.

Time intervals

1 2 3 4 5 6 7 8

Barycrinus rhombiferus
(Owen and Shumard, 1852)

X X X X X X X

Barycrinus spurius
(Hall, 1858)

X X X X X X

Costalocrinus cornutus
(Owen and Shumard, 1850)

X X X X

Barycrinus scitulus
(Meek and Worthen, 1860)

X

Barycrinus sampsoni
(Miller and Gurley, 1896)

X

Barycrinus crassibrachiatus
(Hall, 1860)

X X X

Barycrinus magister
(Hall, 1858)

X X X

Barycrinus stellatus
(Hall, 1858)

X X

Meniscocrinus magnitubus
Kammer and Ausich, 1996

X

Barycrinus punctus
Feldman, 1989

X

Barycrinus spectabilis
Meek and Worthen, 1870

X

zones.’’ Laudon (1937, 1973) and Kaiser (1950) expanded Row-
ley’s work and divided the classic lower and upper Burlington
into several biozones based mostly on the distribution of fossil
crinoids. Harris and Parker (1964) separated the Burlington Lime-
stone into three lithologically distinct members. These include in
ascending order: the Dolbee Creek, Haight Creek, and Cedar Fork
members. The Dolbee Creek and Haight Creek members represent
the traditional lower Burlington strata, and the Cedar Fork Mem-
ber encompasses the upper Burlington. The Dolbee Creek and
Cedar Fork are predominately encrinites, whereas the Haight
Creek is primarily composed of dolomitic mudstones and wacke-
stones with abundant chert interbeds and thin, discontinuous cri-
noidal packstones. In some sections, the Haight Creek contains a
thicker encrinite near the middle that was highlighted by Van Tuyl
(1925, p. 121) and further discussed by Witzke et al. (1990, p.
16). This encrinite is lithologically very similar to the limestones
of the Cedar Fork and is referred to as the ‘‘middle grainstone’’
(Witzke et al., 1990). This unit has caused much of the confusion
between the lower and upper subdivisions of the Burlington.

The ‘‘middle grainstone’’ of the Haight Creek Member of the
Burlington Limestone is extremely fossiliferous and contains a
diverse assemblage of well-preserved crinoids, many of which
can be found in either the grainstones of the Dolbee Creek or the
Cedar Fork members (Van Tuyl, 1925, p.134). Hence, this horizon
contains taxa that have been assigned to both the lower and upper
Burlington. Early collectors and stratigraphers inconsistently in-
cluded portions of the Haight Creek Member, including the ‘‘mid-
dle grainstone’’ either with the lower or upper Burlington (see
Van Tuyl, 1925, p. 121, 132; Moore, 1928, p. 171). Wachsmuth
and Springer (1897) often referred to the ‘‘middle grainstone’’ as
being ‘‘the lower part of the upper Burlington’’ even though the
definition of the boundary (White, 1860; Niles and Wachsmuth,
1866) between the lower and upper Burlington previously con-
signed this unit to the lower Burlington. Attempts to shoehorn the
Burlington fauna into two stratigraphic divisions have inappro-
priately represented the biostratigraphic complexity of the for-
mation. Until a more thorough and comprehensive analysis of
Burlington biostratigraphy and biozonation is proposed, we rec-
ommend that future collectors in the Burlington Formation aban-
don the usage of lower and upper Burlington, and instead rely

upon the members established by Harris and Parker (1964) and,
where possible, the biozones of Laudon (1937, 1973) and Kaiser
(1950).

SYSTEMATIC PALEONTOLOGY

All known species of Burlington Limestone botryocrinids are
reviewed (Table 1) and those species that have been revised or
redefined beyond those treated in Kammer and Ausich (1996) are
fully described and illustrated. Additionally, B. spectabilis Meek
and Worthen, 1870, from the St. Louis Limestone, is treated in
order to complete the review of Barycrinus.

In most instances, generic-level characters in crinoid taxonomy
have discrete character states. Examples include the number of
anal plates in the aboral cup, the style of arm branching, and the
presence or absence of pentameres in the column. These discrete
states define a basic ‘‘bauplan’’ of calyx construction, suspension
feeding capabilities, and other physiological functions, which are
regarded as stable for each genus. Stability of discrete character
states among genera has been demonstrated by several genera-
tions of crinoid workers.

Unlike genera, crinoid species are defined on a more subjective
basis, although we have attempted to define ‘‘objective’’ species
that can be recognized by other workers. Species-level characters
typically represent relatively minor morphologic variations to the
basic ‘‘bauplan.’’ For example, cup height, the degree of calyx-
plate sculpturing, the size and shape of the radial facets, and the
number of arms can be specific characters (Kammer and Ausich,
1996). In defining the species discussed in this paper, we choose
to recognize species based on discontinuities between ranges of
morphology, following the accepted concept of a morphological
species (Stearn and Carroll, 1989, p. 32–35).

Terminology follows Ubaghs (1978); examined material is
housed in the following museums and institutions: FMNH, Field
Museum of Natural History; MCZ, Museum of Comparative Zo-
ology, Harvard University; UI X, Department of Geology, Uni-
versity of Illinois, Urbana; ISGS, Illinois State Geological Survey;
USNM, U.S. National Museum of Natural History.
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Class CRINOIDEA Miller, 1821
Subclass CLADIDA Moore and Laudon, 1943

Family BOTRYOCRINIDAE Wachsmuth and Springer, 1886
Genus BARYCRINUS Meek and Worthen, 1868

Type species.Cyathocrinus spurius Hall, 1858; by original
designation.

Diagnosis.Crown robust, tall, subcylindrical, all plates thick;
aboral cup bowl to cone-shaped, low to medium height (Ubaghs,
1978, fig. 72), plates smooth or ornamented with nodes and ridg-
es; infrabasals may be very small or up to one third size of basals;
basals usually as large or larger than radials; radials always wider
than high, height to width ratio 0.5–0.7; radial facet angustary,
crescentric, A, C, and D facets usually more declivate than B and
E facets; one or two anal plates in the cup depending on whether
radianal is present; anal sac short; two primibrachials typical, but
six may be present; arm branching simple ramulate, typically only
one or two bifurcations per ray, ramules or armlets arising on
alternate sides of every second secundibrachial, if armlets present
they have ramules on every second brachial; column composed
of pentameres, circular or pentagonal, heteromorphic.

Discussion.Barycrinus is easily distinguished from other
genera by its thick plates, wide radials, simple arms, and penta-
meric column. It differs from Costalocrinus in having an anal X
plate that does not extend above the top of the radials and a short
anal sac. Costalocrinus has a large anal X plate that extends above
the top of the radials and helps form a basin-like structure in the
posterior interray area of the tegmen that is associated with a large
anal sac (McIntosh, 1984). Meniscocrinus differs in having four
anal plates that form a crescent-shaped basin in the posterior in-
terray and a long, well-plated anal sac (Kammer and Ausich,
1996, p. 861).

As in Costalocrinus (McIntosh, 1984), Barycrinus may have
one or two anal plates in the cup depending on whether the ra-
dianal is developed. The presence or absence of the radianal is
highly variable within populations of individual species of Bar-
ycrinus, being typically absent. In C. cornutus (McIntosh, 1984,
fig. 6E), the radianal may be overgrown by the anal X plate, a
feature only visible when the anal X is removed or missing. Spec-
imens of Barycrinus lacking a radianal may be the result of the
anal X overgrowing the radianal, but this has not been directly
observed by us.

BARYCRINUS RHOMBIFERUS (Owen and Shumard, 1852)
Figure 1.4–1.6

Barycrinus rhombiferus (OWEN AND SHUMARD, 1852). KAMMER AND

AUSICH, 1996, p. 840, figs. 2, 3.1–3.6, 5.1–5.3 (13 nominal species
placed in synonymy).

Cyathocrinus latus HALL, 1861a, p. 5; 1861b, p. 292.
Barycrinus latus (HALL, 1861a). BASSLER AND MOODEY, 1943, p. 318.

Diagnosis.Aboral cup medium to high in height; cup plate
ornamentation nearly smooth or more typically with broad ridges
radiating from the basals onto the infrabasals and radials; sutures
usually depressed at plate corners; radial facets narrow to wide;
arms 10–16; two primibrachials in all rays.

Material examined.In addition to the specimens listed in
Kammer and Ausich (1996), additional material from the Bur-
lington Limestone examined for this study includes USNM S2348
and S2349 (11 specimens), USNM S2351 (21 specimens labeled
as the synonym B. wachsmuthi), USNM S2352 and S2353 (19
specimens labeled as the synonym B. sculptilis), and the holotype
of B. latus, MCZ 106423.

Occurrence.The holotype of B. latus is from the upper part
of the Burlington Limestone at Burlington, Iowa. Barycrinus

rhombiferus is the longest ranging species of Barycrinus extend-
ing from the lower part of the Burlington Limestone (early Osa-
gean) to the Salem Limestone (Meramecian) (Kammer and Au-
sich, 1996, p. 844) (Table 1).

Discussion.See Kammer and Ausich (1996, p. 840, figs. 2,
3.1–3.6, 5.1–5.3) for diagnosis, description, discussion, and oc-
currence of B. rhombiferus. The total numbers of arms ranges
from 10–16 depending on how many arms per ray are present.
Specimens have been observed with various combinations of two,
three, or four arms per ray. Barycrinus latus (Hall, 1861a) is
placed in synonymy, herein. The holotype (MCZ 106423), and
only known specimen, of B. latus is illustrated here for the first
time (Fig. 1.4–1.6). This specimen is an isolated aboral cup with
robust plate ornament typical of B. rhombiferus. The cup is lower
than typical specimens of B. rhombiferus, but is judged to fall
within the morphologic range of the species. Barycrinus latus
probably would have been synonomized by earlier workers if the
holotype had been illustrated by Hall.

BARYCRINUS MAGISTER (Hall, 1858)

Diagnosis.Aboral cup high; cup plate sculpture smooth or
granulose; sutures at plate corners not depressed; radial facet nar-
row; two primibrachials in all rays.

Occurrence.Upper part of the Burlington Limestone through
the Keokuk Limestone (Table 1).

Discussion.See Kammer and Ausich (1996, p. 844, fig. 4.7–
4.15) for a full treatment of this species. No new material or
additional information was found during the present study.

BARYCRINUS SPURIUS (Hall, 1858)

Diagnosis.Aboral cup medium height; cup plates smooth,
slightly tumid; eight arms with B and E rays atomous, other rays
with two primibrachials.

Material examined.New material located during the present
study includes, FMNH P9407, two cups from the lower part of
the Burlington Limestone, Burlington, Iowa; USNM S2352A,
four cups from the upper part of the Burlington Limestone, Bur-
lington, Iowa; and, USNM S2353A, four cups from the Montrose
Chert Member of the Keokuk (the so-called Burlington-Keokuk
Transition Beds of the old literature), Burlington, Iowa.

Occurrence.Lower and upper parts of the Burlington Lime-
stone, Burlington, Iowa; Montrose Chert Member of the Keokuk
Limestone, Burlington, Iowa; plus it ranges from the Keokuk
Limestone to Harrodsburg Limestone (Kammer and Ausich, 1996,
p. 840) (Table 1).

Discussion.See Kammer and Ausich (1996, p. 838, fig. 1)
for a full treatment of this species.

BARYCRINUS CRASSIBRACHIATUS (Hall, 1860)

Diagnosis.Similar to B. rhombiferus except there are only 12
arms, two each on A, B, and E rays, three each on C and D rays;
A, C, and D rays axillary on primibrachial two, B and E rays
axillary on primibrachial six.

Occurrence.Upper part of the Burlington Limestone, Bur-
lington, Iowa. Keokuk Limestone, Warsaw, Illinois. Edwardsville
Formation, Crawfordsville and Indian Creek, Indiana (Table 1).

Discussion.See Kammer and Ausich (1996, p. 848, fig. 3.7–
3.13) for a full treatment of this species. The arm number, 12,
falls within the range of 10–16 as exhibited in B. rhombiferus,
but this latter species always has the first axillary on primibrachial
two in all rays, whereas B. crassibrachiatus has the first axillary
on primibrachial six for the B and E rays.
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FIGURE 1—1–3, Barycrinus sampsoni Miller and Gurley, 1896, anterior, posterior, and aboral (posterior up) views of holotype, FMNH UC6992,
lower part of the Burlington Limestone, Sedalia, Missouri, 31.0. 4–6, Barycrinus rhombiferus (Owen and Shumard, 1852), anterior, posterior, and
aboral (posterior up) views of holotype of Cyathocrinus latus Hall, 1861a, MCZ 106423, upper part of Burlington Limestone, Burlington, Iowa.
7–14, Barycrinus scitulus (Meek and Worthen, 1860), lower part of the Burlington Limestone, Burlington, Iowa; 7–9, anterior, aboral (posterior
up), and posterior views of holotype of Cyathocrinus scitulus, UI X-811, 31.5; 10–12, anterior, aboral (posterior up), and posterior views, USNM
S8696, 31.5; 13, 14, anterior and posterior views, USNM S8697, 31.0. 15, Barycrinus spectabilis Meek and Worthen, 1870, posterior view of
holotype, ISGS 1891, St. Louis Limestone, Otter Creek, Illinois, 30.70.

BARYCRINUS SCITULUS (Meek and Worthen, 1860) n. comb.
Figure 1.7–1.14

Cyathocrinus scitulus MEEK AND WORTHEN, 1860, p. 393.
non Cyathocrinus sculptilis HALL, 1860. MEEK AND WORTHEN, 1866, p.

178, pl. 15, fig. 2a, b.

Cyathocrinites scitulus (MEEK AND WORTHEN, 1860). BASSLER AND

MOODEY, 1943, p. 395.

Diagnosis.The sharp ridges on the cup and arm plates are
unlike any other species of Barycrinus.



127GAHN AND KAMMER—PHYLOGENETICS OF BARYCRINUS

Description.Crown robust, medium height. Aboral cup bowl
shaped, medium height, height to width ratio approximately 0.6;
base convex; plates thick, deep pits form at the plate corners
creating strong ridges crossing the cup plates, the ridges them-
selves are typically covered by sharp, highly sculpted knife-edge
flanges, which are also highly developed on the brachials; prom-
inent star-shaped pattern visible aborally on the infrabasals and
basals; infrabasals small; basals large, approximately same size as
radials, higher than wide, hexagonal; radials large, wider than
high; radial facets angustary, crescentric. Only one anal plate vis-
ible; anal sac unknown. Arms simple ramulate, robust, all rays
axillary on primibrachial two; ramules well developed, arising on
alternate sides of every other brachial. Brachials large, nearly cir-
cular in transverse view, rectangular in aboral view, ornamented
with randomly oriented sharp flanges. Column subpentagonal,
pentameric, heteromorphic.

Material examined.The holotype is UI X-811 (Fig. 1.7–1.9).
Other material includes USNM S2342, four cups and three partial
crowns; USNM S8696 (Fig. 1.10–1.12); and USNM S8697, one
crown with well developed ornamentation (Fig. 1.13, 1.14).

Occurrence.Lower part of the Burlington Limestone, Bur-
lington, Iowa (Table 1).

Discussion.This species appears most similar to B. rhombi-
ferus, but the sharp flanges on cup and arm plates are quite
unique. This species was never illustrated as B. scitulus. Instead,
Meek and Worthen (1866, pl. 15, fig. 2a, b) questionably assigned
the holotype to B. sculptilis (Hall, 1860), which is now a synonym
of B. rhombiferus (Owen and Shumard, 1852; Kammer and Au-
sich, 1996).

BARYCRINUS SPECTABILIS Meek and Worthen, 1870
Figure 1.15

Diagnosis.Crown very large; cup high; calyx plates orna-
mented by very robust ridges created by deep pits at plate corners.

Occurrence.St. Louis Limestone, Otter Creek, Jersey Coun-
ty, Illinois (Table 1).

Discussion.See Kammer and Ausich (1996, p. 849) for syn-
onymy and discussion of the true stratigraphic occurrence of this
species. The holotype (ISGS, 1891) is illustrated herein because
the original illustration is unrepresentative (Meek and Worthen,
1873, pl. 20, fig. 8).

BARYCRINUS SAMPSONI Miller and Gurley, 1896
Figure 1.1–1.3

Barycrinus sampsoni MILLER AND GURLEY, 1896, p. 81, pl. 4, figs. 1–
3. BASSLER AND MOODEY, 1943, p. 318.

Occurrence.Both Miller and Gurley (1896) and the label
with the holotype state Burlington Limestone, Sedalia, Missouri.
However, Bassler and Moodey (1943, p. 79) list this species from
the Chouteau Limestone, but state that the majority of crinoids
come from the upper member of the Chouteau termed the Sedalia
Limestone, which according to Moore (1928) is Osagean or early
Burlington in age. However, Moore (1928) included the Pierson
Formation in the Sedalia Formation. The Pierson is a facies equiv-
alent of the lower part of the Burlington Limestone (Thompson,
1986). Barycrinus sampsoni most likely came from the lower part
of the Burlington Limestone, which is present at Sedalia, Missouri
(Thompson, 1986). Peck and Keyte (1938, p. 70) also confirm
that crinoid specimens collected by Miller and Gurley near Se-
dalia were from the Burlington Limestone and not the Chouteau.

Discussion.Barycrinus sampsoni is the only species of Bar-
ycrinus reported from Sedalia, Missouri. We have chosen to leave
this as a separate species although it does appear to be similar to
either B. spurius or B. rhombiferus. It has smooth and tumid cup
plates as in B. spurius, but the cup is relatively high as in B.

rhombiferus. Barycrinus sampsoni shares features with both B.
spurius and B. rhombiferus and seems to be a blend of these two
species. Hybridization is a possibility and has been reported in
fossil crinoids (Ausich and Meyer, 1994), although it cannot be
confirmed in this case. In addition, the absence of arms precludes
an accurate species diagnosis. The only known specimen is the
holotype, FMNH UC6992 (Fig. 1.1–1.3). Unless diagnostic spec-
imens of B. sampsoni, presumably those with arms, are discov-
ered, the name should be restricted to the holotype specimen.

Genus COSTALOCRINUS Jaekel, 1918
Type species.Poteriocrinus dilatatus Schultze, 1867; by orig-

inal designation.
Diagnosis.Crown robust, all plates thick; aboral cup bowl

shaped, low; infrabasals small, not clearly visible in side view;
basals as large or larger than radials; radials always wider than
high, width to height ratio 1.5–2.0; radial facet angustary to pe-
neplenary, crescentric, A, C, and D facets more declivate than B
and E facets; one or two anal plates in the cup depending on
whether radianal is present; anal X plate large, supporting a pos-
terior interray basin; anal sac prominent or greatly reduced; two
primibrachials; arm branching simple, two to four main arms per
ray, armlets arising on alternate sides of every second secundi-
brachial, armlets have ramules every second brachial; column
composed of pentameres, pentagonal (or rarely circular), hetero-
morphic.

Discussion.Costalocrinus shares many characters with Bar-
ycrinus, the major differences being that Barycrinus lacks the pos-
terior interray basin (McIntosh, 1984, p. 1276). Costalocrinus ib-
ericus Kammer (2001) from the Lower Devonian (Emsian) of
Spain is morphologically closer to Barycrinus than any other spe-
cies of Costalocrinus.

COSTALOCRINUS CORNUTUS (Owen and Shumard, 1850)
Occurrence.Ranges from the lower part of the Burlington

Limestone (early Osagean) to the Fort Payne Formation (late Os-
agean) (Table 1).

Discussion.See McIntosh (1984, p. 1275, fig. 6) and Kammer
and Ausich (1996, p. 852, fig. 6.14–6.16) for a full treatment of
this species. No new occurrences were found during this study.

PHYLOGENETIC ANALYSIS OF MISSISSIPPIAN BOTRYOCRINIDS

The above systematic revision of Burlington Limestone botry-
ocrinids combined with late Osagean–early Meramecian species
(Kammer and Ausich, 1996) and B. punctus Feldman (1989) and
B. spectabilis, from the Salem and St. Louis limestones, respec-
tively, provides the data for a phylogenetic analysis of Mississip-
pian botryocrinids. Devonian species of Costalocrinus (McIntosh,
1984; Kammer, 2001) are also included to provide a more com-
plete analysis. This analysis is a first step in reconstructing the
details of possible evolutionary relationships among primitive
cladid crinoids. Hopefully this study will be a starting point for
future studies encompassing additional taxa.

Characters.Understanding and properly coding character
states and character state transformations is essential to the de-
velopment of accurate phylogenetic reconstruction. The following
is a detailed discussion of characters and character coding used
in a species-level phylogenetic analysis of Mississippian botry-
ocrinids. Many of the taxa in this study are polymorphic for one
or more characters. The nature of this polymorphic, or intraspe-
cific, variation is discussed below in the section on Mississippian
botryocrinid evolution. We chose to include all polymorphic char-
acter states in the data set to provide the most comprehensive
representation of character state distributions possible. Polymor-
phic characters may be problematic in phylogenetic analysis (Nix-
on and Davis, 1991), however, we cannot justify the selection of
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TABLE 2—Character matrix used in the phylogenetic analysis. Polymorphic character states listed in parentheses. Characters 1 and 7 were not included in the
final analysis because they are uninformative.

Taxon Characters

Barycrinus crassibrachiatus
(Hall, 1860)

(01)10(12)0 0(01)102 1201

Barycrinus magister
(Hall, 1858)

0(01)120 00102 02??

Barycrinus punctus
Feldman, 1989

02012 0010? ?2??

Barycrinus rhombiferus
(Owen and Shumard, 1852)

(01)(01)(01)(01)(01) (012)0102 02(01)1

Barycrinus scitulus
(Meek and Worthen, 1860)

01001 (12)(01)102 0211

Barycrinus spectabilis
Meek and Worthen, 1870

00100 (01)0102 0201

Barycrinus spurius
(Hall, 1858)

(01)(12)0(12)(01) 0(01)102 1201

Barycrinus stellatus
(Hall, 1858)

(01)2012 (01)(01)102 0221

Costalocrinus cornutus
(Owen and Shumard, 1850)

(01)(12)012 (01)(01)001 00(12)1

Costalocrinus ibericus
Kammer, 2001

01001 00001 0011

Costalocrinus rex
McIntosh, 1984

01002 1000? 00??

Costalocrinus sentosus
McIntosh, 1984

01001 00000 0020

Meniscocrinus magnitubus
Kammer and Ausich, 1996

?2012 (01)0011 0111

a single character state as being representative of a species when
polymorphism occurs. Two of the characters described below (1
and 7) are discussed for completeness as they may be informative
in future analyses that include additional taxa, however, they are
not included in the final analysis (Fig. 2) because they are unin-
formative. For example, all species of Mississippian botrycrinids
have specimens with pentagonal columnals (state 0), and some
species have specimens with round columnals (state 1), but no
species is represented by individuals with only round columnals.
Because round and pentagonal columnals (states 0 and 1) only
occur together in the same species, a 0–1 or 1–0 character state
transformation cannot be established between species, thus, mak-
ing this character uniformative. The 12 characters used in this
analysis are equally weighted and unordered (Table 2).

1) Columnal shape.—Several Barycrinus species (B. rhombi-
ferus, B. spurius, and B. stellatus) are polymorphic for this char-
acter, displaying both subpentagonal to rounded pentameric stems.
Species of Botryocrinus and Costalocrinus possess subpentagonal
to pentagonal stems (except for some specimens of C. cornutus,
which have rounded columnals), suggesting that columnal pen-
tamery is the primitive character state. The transition from pen-
tagonal to round columnals in both Barycrinus and Costalocrinus
may indicate a trend of increasing radial symmetry in the stalk
of Mississippian botryocrinids. [0 5 pentagonal to subpentagonal,
1 5 rounded]

2) Relative cup height.—Early botryocrinids (e.g., Botryocri-
nus, Situlacrinus) possessed relatively tall, conical dorsal cups.
Horizontal flattening of the aboral cup became more typical in
later species and genera. Aboral cups of medium height were most
common in species of Costalocrinus, Barycrinus, and Menisco-
crinus, but some species either retained or reverted to high dorsal
cups (B. magister, B. spectabilis, and some individuals of B.
rhombiferus), and others became very compressed (B. stellatus,
B. spurius, B. punctus, C. cornutus, and M. magnitubus). Scoring
of cup height is somewhat arbitrary, and the scoring of cup height
in this analysis is relative only to the Botryocrinidae. High cups
are typically cone-shaped, with the infrabasals making up a con-
siderable portion of cup height. Cup height decreases and the cup
becomes more bowl-shaped as the infrabasals move to a more

horizontal position. In low cups, the infrabasals are not visible (or
only slightly visible) in side view. We established ranges of in-
frabasals:dorsal cup height ratios to facilitate repeatability in the
assessment of high (.0.250), medium (0.150–0.249), and low
(,0.149) cups. [0 5 high, 1 5 medium, 2 5 low]

3) Relative infrabasal size.—Large infrabasals are characteristic
of most primitive botryocrinids (Botryocrinus and Situlacrinus).
Derived species show a reduction in the height of the infrabasals,
many of which barely extend beyond the column facet (B. sci-
tulus, B. spurius, B. stellatus, C. cornutus, and M. magnitubus).
A reduction in the size of the infrabasals is often, but not always
associated with a flattening of the dorsal cup. Infrabasals are con-
sidered to be large if they constitute more than 20 percent of the
dorsal cup height and small if they are less than or equal to this
value. [0 5 large, 1 5 small]

4) Plate corner depression.—Depression of plate corner sutures
produces the appearance of radiating ridges on the dorsal cup of
many fossil crinoids, including many members of the Botryocrin-
idae. The stronger the depression of the sutures, the more distinct
this pattern is. Early species of Botryocrinus contain both de-
pressed and non-depressed morphotypes. All known species of
Costalocrinus have moderately to strongly depressed plate mar-
gins as well as do most species of Barycrinus. Barycrinus spurius
and B. crassibrachiatus trend toward decreasing plate corner de-
pression and the cup plates of B. magister lack plate corner de-
pression entirely. [0 5 strongly depressed, 1 5 moderately de-
pressed, 2 5 not depressed]

5) Plate bulbosity.—Plate bulbosity is describes the swelling
and thickness of the calyx plates. Early botryocrinids seem to
possess relatively flat calyx plates, and increased bulbosity may
reflect a derived condition. Tumid plates appear broadly inflated
or swelled, whereas bulbous plates are extremely inflated, and
often laterally compressed (especially pertinent to the basal
plates), giving the calyx a strongly stellate adoral appearance. [0
5 flat, 1 5 tumid, 2 5 bulbous or spinose]

6) Plate surface texture.—A wide variety of plate surface sculp-
ture is observed in the Botryocrinidae. Most early species of Bo-
tryocrinus lack plate ornament. Barycrinus species display the
greatest variety and degree of ornamentation; individuals display
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smooth, granulose, nodose, ridged, and striated plate surface tex-
ture. Several species of Costalocrinus, Meniscocrinus, and Bar-
ycrinus develop small wart-like projections on the calyx plates.
These may coalesce to form ridges in some individuals. Fine, low,
radiating ridges develop on the cup plates of B. rhombiferus and
B. scitulus. These typically parallel the larger ridges formed by
the depression of the plate sutures and cross plate boundaries.
Stipple-like granules develop on the cup plates of B. magister and
B. punctus. [0 5 smooth or granulose, 1 5 nodose or ridged, 2
5 striated]

7) Radial facet width.—The radial facet of all botryocrinid gen-
era is angustary, however, the size of the facet relative to the
radial plate is variable between species. Brower (1992) demon-
strated that the ratio of radial facet width to radial plate width of
cladid species within the same genus could display very different
ontogenetic trajectories. Since we do not know the ontogenetic
history of this character for every species in the analysis, we were
careful to use specimens of equivalent size when scoring this
character. The size of the radial facet also reflects the robustness
of the brachial plates and arms. If roughly two-thirds or more of
the radial plate is occupied by the radial facet, then the radial
facet is considered wide, otherwise, the radial facet width is con-
sidered to be of medium width. [0 5 medium, 1 5 wide]

8) Anal basin.—Two genera of botryocrinids show the devel-
opment of an anal basin in the CD interray; Costalocrinus and
Meniscocrinus. The anal basin in Costalocrinus is developed by
the enlargement of the anal X into a shield-shaped plate. The anal
basin of Meniscocrinus is comprised of the anal X and several
accessory plates of the anal interray. [0 5 present, 1 5 absent]

9) Number of anal plates.—Most botryocrinids have either one
or two anal plates in the cup. The only exception is in the genus
Meniscocrinus, which has four. Although species of Barycrinus
and Costalocrinus may display one visible anal plate, a second is
often present, but hidden beneath, or grown over by adjacent
plates (McIntosh, 1984, fig. 6E). The radianal is more frequently
hidden or absent in younger species of Barycrinus, suggesting a
tendency for the elimination of this plate from the cup. [0 5 1
or 2, 1 5 more than 2]

10) Anal sac.—Early botryocrinids typically possess a greatly
expanded, recurved anal sac. This feature is particularly note-
worthy in C. sentosus, in which the anal sac arches over the top
of the cup and overhangs the CD interray. The anal sac is much
smaller in C. ibericus, C. cornutus, and M. magnitubus. Barycri-
nus species lack a notable anal structure and the tegmen and as-
sociated features are very rarely preserved in this species. Plates
of the tegmen and anal structure of Barycrinus were apparently
small, loosely bound, and readily disarticulated upon death of the
animal. [0 5 expanded, 1 5 reduced, 2 5 greatly reduced or
absent]

11) Primibrachial number in the B and E rays.—Most botry-
ocrinids possess two primibrachials in all rays. The only known
exceptions are B. crassibrachiatus and B. spurius, both of which
contain modification of the B and E rays. Barycrinus crassibra-
chiatus has six primibrachials in the B and E rays, moving the
first bifurcation of the arms distally. The B and E rays of B.
spurius do not branch (atomous), resulting in two rays consisting
entirely of primibrachials. [0 5 2, 1 5 more than 2, 2 5 atomous]

12) Anal X articulation.—The anal X in all species of Bary-
crinus is articulated to the interior margin of the C and D radials
and does not extend above these plates. The anal X in Costalo-
crinus shares an articulation with the inside lateral margin of the
CD primibrachials. The articulation of the anal X higher in the
crown of Costalocrinus is principally due to the enlargement of
this plate and the subsequent development of the anal basin. The
anal series of Meniscocrinus also shares an articulation with the
primibrachials; however, the anal X is in contact with secondary

anal plates. [0 5 radials and primibrachials, 1 5 radials and sec-
ondary anals, 2 5 radials only]

13) Ramus morphology.—Early representatives of the Botry-
ocrinidae have relatively straight arms (rami), in which the indi-
vidual brachials are orthogonal. Later members of the family (in-
cluding species of Costalocrinus, Meniscocrinus, and Barycrinus)
display arms with a moderate to strong zigzag appearance. The
zigzag appearance is due to the enlargement of ramules or armlets
from the main ramus, and the occurrence of ramules or armlets
on alternating sides of every other brachial. Ramules are minor
branches which may or may not bifurcate. Armlets are simply
more complex side branches that develop their own ramules (see
Van Sant, 1964, fig. 29). [0 5 straight, 1 5 slight zigzag, 2 5
strong zigzag]

14) Ramule or armlet spacing.—Secondary branches from the
main ramus in botryocrinids are either ramules or armlets (pin-
nules are absent because by definition they branch off every bra-
chial). [0 5 every third brachial, 1 5 every other brachial]

Methodology.The phylogeny of Mississippian botryocrinids
(Table 2) was analyzed to test 1) the monophyly of Barycrinus,
2) species relationships within the genus, and 3) the origin of
Meniscocrinus. Four Costalocrinus species were included in the
analysis; C. ibericus from the Lower Devonian of Spain (Kammer,
2001), C. rex and C. sentosus from the Middle Devonian of east-
ern North America (McIntosh, 1984), and C. cornutus from the
Early Mississippian of eastern North America. Costalocrinus rex
and C. sentosus were included in the analysis to more precisely
evaluate the origin of M. magnitubus and C. cornutus. These are
also the best represented Costalocrinus species in terms of pres-
ervation and numbers of specimens (McIntosh, 1984).

Eight species of Barycrinus were included in the analysis; these
comprised all well-known species of the genus, which are found
only in the eastern United States. These included species from
the early Osagean Burlington Limestone (except B. sampsoni—
see discussion for this species) as well as those from the late
Osagean and Meramecian treated by Kammer and Ausich (1996).
Barycrinus ribblesdalensis (Wright, 1942, 1950, p. 1, pl. 1, figs.
4–10; Donovan and Veltkamp, 1990) from the Lower Carbonif-
erous of England, was excluded from the analysis. The lack of
preserved arms and the presence of strong fulcral ridges on the
radial facets suggest caution in accepting this species as a Bary-
crinus. Further study of B. ribblesdalensis is needed, but is be-
yond the scope of the present study.

A few additional species, currently listed as Barycrinus in Web-
ster’s various bibliographies (1973, 1977, 1986, 1988, 1993), were
excluded from the analysis because of poor preservation or ques-
tionable assignment. Species that were chosen for this analysis
encompass the entire range of known morphological variation
within Barycrinus. Furthermore, the addition of problematic taxa
would only obfuscate the phylogenetic relationships between the
better-documented species in this analysis.

Costalocrinus ibericus, from the Lower Devonian (Emsian) of
Spain, was chosen as the outgroup taxon based on the analysis
of the Costalocrinus-Barycrinus lineage by Kammer (2001). His
analysis suggests that C. ibericus occupies a basal position within
the phylogeny of Costalocrinus and is closely related to Barycri-
nus.

The phylogenetic analysis was executed with PAUP 3.1 (Swof-
ford, 1993) using the branch and bound search option. Multistate
characters were considered as polymorphic and branches of zero-
length were collapsed. The analysis generated 24 most parsimo-
nious trees of 42 steps (C. I. 5 0.881, H. I. 5 0.571, R. I. 5
0.815, and R. C. 5 0.718) that differ only in the placement of
two taxa, C. sentosus and B. rhombiferus (Fig. 2). Costalocrinus
sentosus is variably placed outside of the Barycrinus clade, but
never within the clade containing C. rex, C. cornutus, and M.
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FIGURE 2—1, Strict consensus and 2, Adams consensus of 24 most parsimonious trees based on data in Table 2.

magnitubus. Recall that C. sentosus was only included in the data
matrix to more objectively evaluate the origin of M. magnitubus
and C. cornutus. The analysis suggests that M. magnitubus is only
distantly related to C. sentosus, and therefore, the latter is not a
critical taxon in the analysis. The removal of C. sentosus from
the data matrix actually decreases the number of most parsimo-
nious trees to eight and the number of steps to 39 (C. I. 5 0.897,
H. I. 5 0.590, R. I. 5 0.818, and R. C. 5 0.734). Removing both
C. sentosus and B. rhombiferus from the analysis returns a single
most parsimonious tree of 32 steps (C. I. 5 0.875, H. I. 5 0.500,
R. I. 5 0.810, and R. C. 5 0.708).

In the 24 most parsimonious trees, B. rhombiferus is typically
placed as being ancestral to the clade containing B. crassibra-
chiatus, B. spurius, B. stellatus, and B. punctus, or ancestral to
the clade containing the above plus B. magister and B. spectabilis,
or grouped separately with B. spectabilis, B. magister, or B. sci-
tulus. This species is highly variable and is coded as having poly-
morphic states for several characters. The large number of poly-
morphic characters in B. rhombiferus partially explains the incon-
sistent placement of this species between the various cladograms.

Variability in the placement of C. sentosus and B. rhombiferus
results in a poorly resolved strict consensus (Fig. 2.1). However,
because these two taxa are the only rogue species in the set of
most parsimonious trees, it may be more appropriate to consider
the Adams consensus, which is very well resolved (Fig. 2.2). The
Adams consensus compares topological similarity between com-
peting trees, preserving more structure in the consensus by forcing
taxa that occupy variable positions to an unresolved position at
the base of the tree (Adams, 1972). In this case, the Adams con-
sensus places C. sentosus in a polytomy with the Costalocrinus-
Meniscocrinus clade and B. rhombiferus in a polytomy with B.

scitulus and the clade containing the remaining species of Bary-
crinus. One criticism of the Adams consensus is that it may pro-
duce a topology that does not occur in any of the competing most
parsimonious trees (Swofford, 1993). In this analysis, such is not
the case; the Adams consensus produces a topology that is iden-
tical to one of the 24 most parsimonious trees.

The initial results are consistent with a monophyletic interpre-
tation of Barycrinus, but this result may not be strongly supported.
Following the procedure for the decay index as outlined by Bre-
mer (1988) and Sumrall et al. (2000), an additional step was add-
ed to the upper limit (from 42 to 43 steps) until all clades col-
lapsed. Allowing trees of an additional step caused all species
(including species of Costalocrinus and Meniscocrinus) to col-
lapse into a complete polytomy in the strict consensus. This out-
come may be partially attributed to the lack of character weighting
in this analysis. For example, characters describing the ornamen-
tation of the plates, which are traditionally thought to be very
homoplastic, were given the same priority as characters of the
anal interray, which may be more conservative. In fact, the only
characters that separate the three Mississippian botryocrinid gen-
era are those of the CD interray. If the weight of these characters
is doubled, then Barycrinus is retained as a separate clade after
adding two steps to the upper limit (from 42 to 44 steps).

A bootstrap analysis of the data matrix was also used to semi-
quantitatively test the significance of the nodes (Felsenstein,
1985). The branch and bound search algorithm was used to re-
sample the data matrix 1,000 times. Inadequate support was given
to the clade containing B. crassibrachiatus and B. spurius and the
clade containing B. punctus and B. stellatus, with bootstrap per-
centages of 66 and 60, respectively. All other nodes were less
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than 50 percent. These results suggest that Barycrinus is not well
supported as a clade at this time, and the species relationships
within the genus cannot be resolved with much confidence (see
Hillis and Bull, 1993). The origin of Meniscocrinus from C. cor-
nutus is also poorly supported in this analysis.

The g1 statistic (Sokal and Rohlf, 1981) has been proposed as
another method for testing the strength of the signal in a phylo-
genetic data set (Huelsenbeck, 1991), although the utility of this
measure has been brought into question (Kallersjo et al., 1992).
The g1 is a statistical index that measures the degree of skewness
in the distribution of all possible tree lengths. If the distribution
of tree lengths is perfectly symmetrical then the g1 5 0. As this
distribution becomes more left-skewed, the g1 becomes more neg-
ative, and the greater the strength of the phylogenetic signal. The
tree length distribution of this analysis was estimated using the
random trees search option with 1,000 iterations and resulted in
a moderately left-skewed tree length distribution with a g1 of
20.605. This may indicate that the data set contains more phy-
logenetic structure than noise, and helps to establish some con-
fidence in the results of this analysis.

Mississippian botryocrinid evolution.Despite the lack of ro-
bust support for our analysis of Mississippian botryocrinids, the
phylogenetic inferences offered by the strict and Adams consen-
suses (Fig. 2), and several of the most parsimonious trees are
consistent with our inferred phylogeny of this group. The Adams
consensus (Fig. 2.2), which we noted is identical to one of the
most parsimonious trees, is most congruent with our interpretation
of the evolution of these taxa and will be used as a template for
discussing the evolution of Mississippian botryocrinids.

The family Botryocrinidae ranges from the Upper Silurian
(Wenlockian) to the Upper Mississippian (Visean or Meramecian).
The Botryocrinidae (sensu McIntosh, 1984) includes five genera:
Botryocrinus, Situlacrinus, Costalocrinus, Barycrinus, and Men-
iscocrinus, the latter three genera being the only ones present in
the Mississippian. McIntosh (1984) suggested that Costalocrinus
evolved from Botryocrinus during the Lower Devonian (Siegen-
ian or Pragian) and that Costalocrinus gave rise to Barycrinus in
the Lower Mississippian (Osagean or Tournaisian). However,
Kammer (2001) suggested that Barycrinus might have evolved as
early as the Lower Devonian based on morphologic similarity
between C. ibericus and B. rhombiferus. The only morphological
differences separating C. ibericus from B. rhombiferus are those
of the anal interray, in particular the presence of a greatly enlarged
anal X in the former.

We consider B. rhombiferus to best represent the ancestral con-
dition for Barycrinus, fully realizing that the ancestral species is
probably unknowable. The polytomy containing B. rhombiferus,
B. scitulus, and the clade containing the remainder of Barycrinus
species (Fig. 2.2) may be interpreted as a region of unclear res-
olution (soft polytomy) or as a multiple speciation event (hard
polytomy) (Maddison, 1989). We prefer the latter interpretation.
Barycrinus rhombiferus is one of the first species of Barycrinus
to appear in the fossil record (Table 1), and is not only the most
abundant and widespread, but also the most long-ranging repre-
sentative of the genus. Barycrinus rhombiferus is also the most
morphologically variable species of Barycrinus, possessing a wide
array of polymorphic characters. Crinoid workers of the nine-
teenth century, using the typological species concept, erected
many species of Barycrinus based on subtle variation in cup shape
or ornament. Thirteen of these species were combined into B.
rhombiferus by Kammer and Ausich (1996) because of the con-
tinuous morphological variation within and between fossil popu-
lations, the corresponding lack of morphological discontinuities,
and the absence of any spatial or temporal clines in morphological
variation.

As noted previously, the placement of B. rhombiferus is highly

variable within the set of most parsimonious trees and typically
occurs near the base or in a polytomy with the smaller clades
within Barycrinus. This may indicate a close relationship between
B. rhombiferus and most of the species within this genus. Bary-
crinus rhombiferus may be a direct ancestor of many Barycrinus
species; the stratigraphic and geographic distribution, morpholog-
ic variability, and great abundance of this species, and the results
of the phylogenetic analysis support B. rhombiferus as the pos-
sible parent species to most Barycrinus species through multiple
speciation events.

Barycrinus scitulus, B. spectabilis, and B. magister are inter-
preted as direct descendants of B. rhombiferus. Barycrinus sci-
tulus differs from B. rhombiferus only in the extremely ridged
ornament of the adoral cup and brachials of the former species.
Barycrinus spectabilis typically has a higher cup and more strong-
ly depressed plate sutures than B. rhombiferus. Barycrinus mag-
ister also has a high cup, but also displays large granules on the
calyx plate surfaces that are unique to this species. Barycrinus
magister forms a clade with B. spectabilis in all of the most par-
simonious trees because both have high adoral cups, large infra-
basals, and relatively planar plates.

Barycrinus crassibrachiatus and B. spurius are also morpho-
logically similar to B. rhombiferus. Barycrinus crassibrachiatus
differs from B. rhombiferus primarily in the presence of six pri-
mibrachials in the B and E rays, whereas B. rhombiferus has only
two. Barycrinus spurius differs by possessing very tumid basals,
a low dorsal cup, and an atomous B and E ray. Variation in pri-
mibrachial number in the B and E rays of B. crassibrachiatus and
B. spurius suggests a close phylogenetic relationship as they are
the only species of the genus that display this trait.

Barycrinus stellatus shares many morphological similarities
with B. spurius. Both have low dorsal cups with wide radial fac-
ets. However, the basal plates of B. stellatus tend to be bulbous
rather than tumid, and the arms of this species are much more
sinuous. Barycrinus punctus Feldman (1989) is a likely descen-
dant of B. stellatus. These two species differ only in the more
spinose basal, fine granulose cup plate texture, and small radial
facets of B. punctus.

Kammer and Ausich (1996) suggested that B. stellatus might
also be the ancestor of Meniscocrinus. Meniscocrinus magnitubus
differs from B. stellatus only in characters of the anal interray.
Meniscocrinus magnitubus possesses four horizontally aligned
anal plates forming an anal basin and a well-calcified anal sac,
all of which are features absent in any species of Barycrinus. They
erected the genus Meniscocrinus based on the presence of the
unique structure of the anal interray. Kammer and Ausich (1996)
also noted close similarity between this species and C. cornutus,
which contains an anal sac and basin similar to M. magnitubus.
The phylogenetic analysis of Mississippian botryocrinids suggests
that C. cornutus is most closely related to the Middle Devonian
(Givetian) C. rex and that M. magnitubus arises from this same
clade rather than from B. stellatus as suggested by Kammer and
Ausich (1996). This suggests that the evolution of an anal basin
occurred only once in this family.

In summary, the phylogenetic analysis supports the monophyly
of Barycrinus, although species relationships within this clade
were not well resolved by this analysis. The relatively rapid ra-
diation of Barycrinus species during the early Mississippian pro-
duced a plexus of species that experimented with the various mor-
phological possibilities within the Barycrinus genome. Popula-
tions that did not evolve far from the ancestral stock are all in-
cluded in the long-ranging B. rhombiferus. Those populations that
evolved more highly derived characters comprise the other spe-
cies of Barycrinus. Species of Costalocrinus and Meniscocrinus
do not form a monophyletic clade, as Barycrinus apparently de-
scended from an ancestor similar to C. ibericus. However, the
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taxa M. magnitubus, C. cornutus, and C. rex do form a distinct,
monophyletic clade that was derived from an ancestral Costalo-
crinus species.
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