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Fi. 9. Relationship of microspiculate,  choristd,  and

monaxonul sponges, as inferred by Dexpy () and Ren
{B). Under Dexoy's picture of phylogeny (1905, 1916,
1921), all monaxonid sponges must be forms derived from
According . Rem's different prcture,
axomids may be forms derived either from chonsuds, or
from sponges with no spicules but monaxons before the
evolution ol megaseleres. The latter mode of orgin s
thought probable for the Desmacidontida (compare also
Remw, 1963, hg. 2: Siwwmatosclerophora=Desmacidontda ),

chornistuds, meHi-

terms of observed characters cenly. To claim
derivation of all calthrops from long-shafted
triaenes involves inventing hypothetical genera-
tions of choristids and manaxonids to account for
monaxonid sponges which have microscleric cal-
throps as cuasters. To picture the calthrops as al-
ways a phylogenetic end form would require its
derivation independently fram spicules as different
as long-shafted triacnes, polyactinal cuasters, am-
phiastrose or spirastrose streptoscleres, rhizoclone
or dicranoclone desmas, and lithisud discotriaenes
or discostrongyles; and a different prototype is
required for cach of these various types of spicules,
and the sponges they occur in. Any of these no-
tions could, in fact, be correct: but none is con-
vincing, and none is even needed if some mon-
axonids descended independently. 1t this view
still leaves the phylogeny of some forms uncer-
tain, this is not grounds for inverting the probable
part of Dexpy's picture to try to account for them.

The classihication recommended above is not
based on a picture of phylogeny, except that
forms placed in orders with type genera are sup-
posed to be related. My ideas on further rela-

tionships are as follows, but any other picture
which fits the facts is also admissible (Fig. 10).

1) The Plakinida may be persisting representa-
tives of a primitive choristid series, once ancestral
to the other types of choristids. But they must
have had a long independent history since at
least the Carboniferous Period, and probably
carlier, and some of their features may be due to
regressive simplification, They are also not primi-
tive embryologically, and are distinguished by a
special type of embryo  (amphiblastulas) un-
known in other choristids, or any other demo-
SI)”ngCS.

2) The Poecillastrida and  Ancorinida  are
probably groups of common origin, divergent in
the character of the microscleres, but showing
largely parallel evolution in the megaspiculation
(though with loss of tetraxons in Ancorinida
only).

3) The Craniellida and Spirastrellida  are
either groups of independent origin showing
partial convergence in the microscleres, or greups
of common origin divergent in both mega- and
microspiculation. It is possible, but not demons:ra-
ble, that either group or both had an ancorinid
origin, perhaps near the source of the “astraxinel-
lids.”

4) The Desmacidontida and Keratosida are
related types of sponges, of which the latter have
probably arisen repeatedly from the former by
loss of spicules. There is no sure connection be-
tween  the Desmacidontida and  any  tetraxon-
bearing sponges, but also no sure evidence that
their spicules are of independent origin.

5) The Lithistida are polyphyletic derivatives
of various nonlithistid sponges. and some have
found otherwise in Poccillastrida,
Craniellida or Spirastrellida (and  Desmacidon-
tida, if sublithistid forms are included). The
origins of most groups (suborders herein) are
uncertain.  There s evidence (Rem, 1963) that
the Tetracladina  (not  Orchocladina  herein,
grouped formerly as Tetracladina) arose from
the same source as the pachastrellid Poecillastrida,
and the Dicranocladina from the Tetracladina by
reduction of the crepides of desmas from tetraxons
to monaxons; but other types of desmas are prob-
ably all monaxon-derivatives, as in sublithistid
Desmacidontida (e.g., Desmatiderma Topsent).

In conclusion, it scems a fair comment that
the problem of demosponge phylogeny is largely
a matter of having to rely almost solely on the

microscleres
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skeleton for working data. In this respect Lévr's
attempt to add embryological evidence is a wel-
come step forward; but, as shown above, this
evidence is of doubtful significance, and sexual
products are unknown in many Demospongia.
The canal system might be considered to provide
further evidence, but again its significance is un-
certain because the direction of phylogenetic
change is not demonstrable (see Discussion,
above). The eurypylous state can be thought to
be more primitive than the aphodal condition, and
certainly sometimes arises by direct complication
of the wall of a rhagon; but this does not prove

that it cannot arise from the aphodal type in
phylogeny, as a simplification, if a broadly lacu-
nar structure is best suited to the sponge’s living
conditions or ability to circulate water. As seen
above, some pictures of phylogeny suggest origin
of eurypylous sponges from aphodal stocks, and
if this is correct it also follows that the rhagon it-
self could be secondary. In other words, the
rhagon type of larva may not represent any adult
stage in demosponge evolution. This leaves only
biochemical or cytological evidence as likely to
provide data on a useful scale; but, until this is
available, one can only rely on the spicules.
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APPENDIX: TECHNICAL GLOSSARY

This glossary 1s intended for nonspecialist
readers, to whom terms used above are unfamiliar,
but may also be useful to specialists who wish to
check my usages.

acanthostyle (n.). Spiny monaxial spicule, with one blunt
and one pointed end (eg. Fig. 1.J04): normally a
megasclere,

acanthoxea (n.). Spiny monaxial spicule, which is sharp
at both ends (eg. Fig. 1,11): may be cither a meg-
asclere or a microsclere.

actinal (ad).). Appertaining to or consisting of true rays.

amphiaster (n.). Microsclere with radiating spines at both
ends of a straight monaxial shaft (eg., Fig. 2, 5a-d,
3,7d, 4.5): recurrent in three main groups of micro-
scleres (Fig. 2-4), as well as in individual develop-
ments,

amphidisc (n.). Monaxial spicule with a simple transverse
dise, serrated transverse disc, or ring of recurved spines,
at cach end of a straight shaft: wsually a microsclere,
but a megasclere functionally in some fresh-water
sponges. Also called a birotlate, some related to a chela
and some to an oxea or acanthoxea.

asconoid (adj.). With choanocyte cells lining a central
cavity (paragaster, or spongococl) and no flagellated
chambers.

aster (n.). Any polyactinal or seemingly polyactinal micro-
sclere, i which rays or apparent rays are emitted from
a center (e.g., Fig. 1,2-7,13,16) or from an axial shaft,

which may be straight, C-shaped or spiral (eg. Fig.
2.4-9b; 3,5a-106; 4,3-7; 6,3.6).

astrose microscleres. Term  used  variably as  meaning
either 1) all microscleres which are asters in the above
sense, or 2) cuasters only, as distinct from pseudasters
(see cuaster, pscudaster). The restricted usage is due
specially to Dexpy (1921, p. 103). In other works, the
terms can mean euasters, streptoscleres (Fig. 2), spini-
spiras (Fig. 3), samdasters (Fig. 4), and various un-
related forms with a monaxon basis (e.g., Fig. 1,10,
13,16; 6.5.6).

bipocillus (n.). C-shaped microsclere in which the ends
expand into inwardly concave spoonlike features, or
comparable but bilobed or trilobed expansions; classed
here as a sigmatosclere.

birotulate (n.). Same as amphidise,

calthrops (n.). Four-raved spicule with rays of similar
length, arranged as though following the axes of a
tetrahedron; so-called from  resemblance to the four-
pointed weapon called a calthrop (sometimes spelled
caltrop) ; megasclere or microsclere.

candelabrum  (n.). Lophose calthrops in  which the
branches of one ray are larger than those of the other
three; or used meaning any lophose calthrops (see
lophose). Found only in Plakinidae; not properly a
microsclere, but of microscleric size (see microspicu-
|;1lt‘).

canonchela  (n.). Specialized microsclere resembling a
clavidise, but with inward-arching lateral expansions in
two opposite pairs; classed as a sigmatosclere.
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centrotylote (adj. or n.). Condition in which a monaxon
has a spherical to annular swelling between its ends,
typically centrally or subcentrally; spicule of the above
type.

chela (n.). C-shaped microsclere in which the two ends
bear regular groups of inward-facing thorn to hlade-
like teeth; classed here as a sigmatosclere. Develops from
a simple C-shaped sigma.  Some forms  also called
anchorates or anchors.

chelaster (n.). An aster which develops from or inter-
grades with a chela.

chiaster (n.). Euaster developed as a tylaster; so-called from
a supposed “chi-shaped” form in some examples, which,
however, is commonly not apparent.

choristid (n. or adi.). Demosponge with tetractinal mega-
scleres, or some other radiate type (e.g., triactns) if
tetractins are lacking, though monaxial megascleres are
usually also present; appertaining to choristids; i taxo-
nomic usage, member of the order Chonistida Sovvas.
First two usages only in this paper.

cladi (n. pl.). See cladome.

cladome (n.). The three similar rays (cladi) of a traene
(see triaene).,

clavidisc (n.). Specialized sigmatosclere microsclere, com-
prising an ovate disc with an clongate central perfora-
tion; develops from a C-shaped sigma,

crepis (n.). See desma,

desma  (n.). Articulating  megasclere, characteristic  of
lithistid demosponges, though also found m sublithistids.
The initial body in ontogeny, called the crepis  (pl.,
crepides), i @ tetraxon, a monaxon, or o dan anaxial
corpuscle in different types.

diactin (n.). Spicule with twao rays, in line or at an angle.

diancistra (n.). C-shaped sigmatosclere microsclere, with
inward facing bladelike expansions, resembling a partly
opzned penknife.

dichotriactin, dichotriact (n.). In a broad sense, any triactin
showing branching of rays: in a special sense, term used
by Dexpy (1924), in the form dichotriact, 1o designate
Ihc .-.ln'ptn.-.clri't' .wril.'-. nl- I!'li('rn.\L'll‘rt"- ““i,\:. 2)‘ on i

basis of envisaging this series as arising from branching
triactins.  Equivalent to streptaster in Burrox's restricted
sense.

dichotriaene (n.). Triacne with cladi branched dichoto-
mously.

discaster (n.). Microsclere with whorls of spines or with
serrated  dises between the ends of a monaxial shaft
(e.g., Fig. 3.7¢. 0,56).

discorhabd (n.). Strictly, a microsclere  with  transverse
dises between the ends of a monaxial shaft; also used
by Dexoy (eg., 1921) for all discasters,

discostrongyle (n.). Specialized dermal megasclere of cer-
tain  lithistid in which a siliccous dhse anse
from a blunt-ended initial monaxon (e, a strongyle).

discotriaene (n.). Specialized dermal megasclere of certin
lithistid sponges, 1n which the cladome of an minal
trizene gives rise to a siliceous disc.

cuaster (n.). In a broad sense, any microsclere i which
rays or apparent rays arsc from a center (not an axis);
in Dexpy's sense, followed here, meristically  varying
spicules of this type, found in sponges grouped here as
Ancorinida (Ancorinidae, Geodindie, Coppatitdae, Tethy-
idue) (eg., Fig. 1,1-7).

lithistid (n. or adi.). Demosponge with the main internal

sponges,

5

skeleton composed of articulated megascleres (desmas),
though normal types may also be present: appertaining
to lithistids; in taxonomic usage, member of the order
Lithistida Scrszior,

lophose (adi.). Style of branching in which rays divide
into clusters of three or more branches, seen in spicules
{lophose calthrops, candelabra) of some Plakinidae,

megasclere (n.). Major supporting spicule. Monaxial, radi-
ate, or, in hthistids, some anaxial; usually an oxea,
style, tylostyle, calthrop, traene, or desma. Length of
rays usually in the range 0.2-20 mm, but protruded ex-
amples grow larger.

mesotriaene  (n.). Triaenc-like spicule with the cladome
at the center of a diactinal shaft, or with an extra short
ray opposite a long rhabdome,

metaster (n.). Streptosclere microsclere with raylike spines
arising from a curved axis making less than one revolu-
tion (Fig. 26a-¢,7a-¢). Also used (after vox Lenpes-
pELD, 1907) to mean any type of streptosclere.

metastrose microscleres, Streptoscleres (Fig. 2).

microcalthrops (n.). Microsclerie calthrops.

microrhabd (n.). Microscleric monaxon.

microsclere (n.). Accessory spicule, typically much smaller
than megascleres: may be a cvaster (Fig. 1.1-7), strepto-
sclere (Fig. 2), spinispira (Fig. 3), microrhabd (e,
Fig. 4.1), samdaswer (Fig, 4,3), sigmaspire (Fig. 5),
sigmatosclere, or of speaial types (e, Fig, LI003,16;
6.5.6). These types of spicules are characterstically not
found as megascleres, though random  examples may
approach the size of typical megascleres. Other micro-
scleres include simple monaxons, which are widely dis-
tributed (e.g.. Fig. 2,1).

microspiculate (adi.). Condition of Plakinidae, in which
the spicules are of microsclene size, but do not include
forms which are characteristically microseleres, and are
megascleres functionally.

microstrongyle (n.). Stwraight monaxial microsclere wath
Blunt ends (eg., Fig. 4,1, showing an ormamented ex-
ample).

microtriod (n.), Microscleric triactin of triod  tvpe. with
three rays at angles of 120° in one plane (eg. Fig.
23

microxea (n.), Microscleric oxea, Le., a
both ends pointed (e.g.. Fig. 2.7).

monaxon (n.}. Spicule in which one or two rayvs follow
a single growth axis, i one or both directions.

monaxonid  (n. or adj.). with  monaxial
megascleres but no radiate megascleres, except rarely as
a secondary development; appertaining to monaxonids:
in taxonomy, member of the order Monasonida Sotras.

orthotriaene (n.). Triacne with the angle between the
cladi and the rhabdome abour 110° to 90%; or used
meaning only forms with this angle about 907, Authors
vary 1 their usage.

oxea (n.). Monaxon with both ends sharply pointed; may
be a megasclere or a microsclere, but wsually called a
microxea in the latter case.

oxeote (adi.). Sharply pointed.
equivalent to oxea.

oxyaster (n.). Fuaster with sharply pomnted ravs (eg
Fig. 1,1-7).

plesiaster (n.). Streprosclere microsclere with spines arising
from a short straight axis. The simplest wvpe (Fiye. 2.4
compare Sortas, 1888, hg. xivaw) could also be called

monaxon  with

Demosponge

Also used as a poun,




36 The University of Kansas Paleontological Contributions—Paper 35

an amphiaster (compare Fig. 2,4-3d); but more com-
plex types (not figured) resemble euasters, except in
views showing the axis. The simple plesiaster (Fig,
24) can be taken as a dichotriactin (Dexoy, 1924;
compare Fig. 2.3), and regarded as a starting point in
evolution of more complex amphiasters and metasters
(compare Fig. 2,5a-7c). Associated diacunal and tri-
actinal spicules (Fig. 2,/-3) are sometimes also classed
as plesiasters (or metasters, sensu voN LENDENFELD),
because of apparent homology with plesiasters s.s.

protorhabd (n.). Inital rod from which a ray develops.

pseudocuaster (n.). Spicule with the form of a ecuaster,
which is regarded as a modified monaxon, because
intergrading with a monaxon (Fig. 1./10-16) or arising
from one in ontogeny. Does not show meristic varia-
tions as in Fig, 1,1-7.

pscudaster (n.). Term used specially by Dexoy, com-
prising any aster in which ravlike outgrowths arise from
a monaxial shaft (e, Fig. 3.5q-10b; 6,56), or in
which such a spicule intergrades with a monaxon
which appears to be its prototype (eg., Fig. 1,8-16).
Roughly equivalent to streptaster sensne Sorvas (1888),

pseudosterraster (n.). Pseudaster with the form of a sterr-
aster (see sterraster).

radiate (n.). Spicule with three or more radiating rays.

radiate (adj.). Two unrelated usages: 1) referring to radi-
ates; 2) referring to a radiating arrangement of mega-
scleres (as radiate architecture), which may be monaxons
and triaenes or all monaxons.

rhabdome (n). The dissimilar ray of a triaene (sometimes
shortened to rhabd but properly this means a monaxon).

rhagon (n.). Demosponge larva with the form of a thin-
walled hollow cone, the walls of which contain cham-
bers but no canal system. Also misused (e.g., pe Lau-
BENFELS, 1955) as meaning any sponge with a leucon
canal system, because some demosponge leucons develop
from rhagons.

sanidaster (n.). Microsclere with raylike spines, commaonly
knobbed (tylote) terminally, along a straight monaxial
shaft (Fig. 4,3). Accompanies euasters in some forms
grouped  here as  Ancorinida; intergrades with spiny
microrhabds (e.g., Fig. 4.1) and also passes into amphi-
asters (Fig. 4,5). Streptasters semsu pE  LAUBENFELS
(1955, p. E30: nor Sorvas, 1888, p. Ixii, of which
this is one of five forms listed).

selenaster (n.). Same as sterrospira,

sigma (n.), C-shaped to S-shaped diactinal microsclerc,
often showing both shapes in different views, which
typically has pointed ends and no ornament: found in
forms grouped here as Desmacidontida, In other usage,
here rejected, includes sigmaspires (e.g., Dexoy, 1921),
Central type of the sigmatosclere group of microscleres,

sigmaspire (n.). Spirally twistedd monaxial microsclere,
appearing C-shaped or S-shaped in different views, and
typically blunt-ended and finely ornamented with gran-
ules or spinules (e.g., Fig. 5.Ja-2¢): also certain forms
which are variants of this type (e, Fig. 5.3.6ab);
found in forms grouped here as Craniellida, and a few
grouped as Spirastrellida.  This spicule is similar 0 a
sigma 5.5, and 1s often equated with it (e.g.. Dexoy,
1905, 1921): but homology is rejected here following
Topsext (1928), because sigmaspires and sigmas .5,
occur in contrasting types of sponges, with no demon-
strable relationship, The sigmaspire may be homologous

with the spirastrellid spinispira, which 15 sometimes de-
veloped i a sigmaspire-like form (eg.. Fig. 3.2¢).
sigmaster (n.). Strongly spincd C-shaped spicule, related
to spinispiras (Fig. 3,9,10a.b).
sigmospiraster  (n.). Strongly spined  sigmaspire,
spinules along the outside of the spiral.
sigmatoscleres (n. pl.). Group of microscleres found in
Desmacidonudae  and  allied  sponges  (Desmacidontida
herein), comprising the sigma s.s., diancistra, chela, and
allied types (e, clavidiscs, bipocilli, chelasters); called
sigmoids and chelowds by some authors (eg., Hext-
sCHEL, 1925; but with sigmoids including sigmaspires).
sigmatose microscleres. In Desoy's usage (1905, 1921),
the sigmaspire, sigma ss., and allied tepes, considered
as a homologous series; but sometimes used meaning

with

sigmatoscleres,  The  term  sigmatosclere  avoids  this
confusion,
spherancora  (n.). Specialized sigmatosclere  microsclere,

with four segments like the halves of a clavidisc meet-
ing at night angles. Develops from a chela with three
teeth at each end,

spheraster (n.). Euaster with a globular centrum, pro-
duced by secretion of silica around the spicular center,
which, however, leaves parts of the rays projecting
freely. May also be used only for forms in which the
centrum is prominently developed, or applied to any
spicule with this shape even if not a euaster 55 (e.g.
Fig. 1,10).

spinispira (n.). Monaxial microsclere with a spirally twisted
axis, making one to several revolutions, ornamented
with fine spinules which are not arranged spirally, or
larger ones spirally arranged (Figs, 3,3.4b,5a.6,7a.b 8a.h),
with a range from finely spinulated strongyvlospires (Fig.
3.2a) to strongly spined spirasters (Fig. 3.7a.8a): passes
into other forms including smooth strongylospires (Fig.
3.1), straight microstrongyles (Fig. 3,26), sigmaspire-
like spicules (Fig. 3.2¢), straight forms with spines ar-
ranged spirally  (Figs, 3,506), discasters (Fig. 3.7¢),
amphiasters  (Fig. 3.74), sigmasters (Figs. 3.9,/0a,b)
or other spheraster-hke vanants (Fig, 3.2d). Some-
times called spirasters even when spines are not promi-
nent (as in Fig. 3.2q), Characteristic of Chionidae and
Spirastrellidae (order Spirastrellida herein).

spiraster (n.). Aster with raylike spines arising from a
spiral axis making one or more revolutions (e.g.. Fig.
2.9a,b; 3,5a.7a.8a). along the outside of the spirc. May
be either a streptosclere (Fig. 2) or a spinispira (Fig. 3),
and thus recurrent homeomorphically in two series of
microscleres. Spiraster may also be used as meaning
spimspira, and then taking in forms without raylike
spines.

spiroscleres (n. pl.). Sigmaspires and spinispiras, grouped
together as  morphologically  comparable and  possibly
homologous (Ren, 1963).

sterraster  (n.). Specialized torm of euaster, in which an
initial form with many fine sharp rays becomes solidified
to form a globular to kidney-shaped spicule. This has
a granular ornament corresponding with tips of the
rays, and typically a local smooth depression, or hilum,
which marks the position of the nucleus of the sclero-
blast which secreted the spicule. Found only in the
family Geodiidae (order Ancorinida).

sterrospheraster  (n.). Microsclere intermediate between a
spheraster and true sterraster.
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sterrospira (n.). Microsclere with the form of a sterraster,
which develops from an initial spinispira; characteristic
of Placospongia Gray (order Spirastrellida); also called
a selenaster (e.g., pE LAvseENFELS, 1955).

streptaster  (n.). In original usage (Sovvas, 1888), any
aster with rays (or, apparent rays) arising from an
clongate axis, which 15 wsually spiral (hence strept-):
but all types listed by Sorras were from  choristid
sponges, and comprised  streptoscleres and  sanudasters,
In Buwron's usage (eg., 1959), streptoscleres only
(Fig. 2). In pe Lavsesvers” usage (1955, p. E30),
samdasters and comparable spiny monaxons (Fig. 4.

streptoscleres  (n. pl.). Microscleres comprising the plesi-
asters, metasters, amphiasters and  spirasters of  Pach-
astrellidae and  Thenewlae, plus triactins and  diacuns
found with them, regarded as a homalogous series (Fig.
2): similar forms also oceur in certain lithastids (e,
Coralhstes Scymior),  Term antroduced  (Rem, 1963)
beeause of confusion in the usage of the term streptaster
(see streptaster), and because amphiasters and spirasters
need not be streptoscleres (compare Fig. 3.7ad; 4.5).
Metastrose mucroscleres i some  literature,
wits interpreted by Desoy (1924) as ansing by spiral
branching of one ray of a tnactin (compare Fig. 3.3-90)
(hence s term “dichotriacts™),

strongylospire (n.). Spirally twisted monaxon of one o
several turns, with blunt  (strongylate) ends. either
smooth or with spinules which are not arranged sparally
(e, Figo 3,0.2a,3-48h). This form is usually a spini-
spira homologically, and s hence called a spiraster by
somie authors, though not a true spiraster morphological -
Iy (compare Sovvas, 1888).

strongylate (adi.). Blunt-ended.

style (n.). Monaxon with one blunt end and one sharp
end; normally a megasclere,

The group

sublithistid (n. or adi.). Demosponge in which desmas are
incipiently developed or are fully developed but form
only a mior part of the skeleton: appertaining to sub-
lithistids,

tetraxon (n.). Spicule in which growth of rays follows
four axes, arranged as in a tetrahedron or in some
modified form of this patern; megasclere or micro-
sclere, megascleric forms being calthrops or trinenes.

toxa (n.). Bow-shaped dacunal microsclere; commonly
but not always a sigmatosclere homologically,

toxaspire  (n.). Microsclere similar o a sigmaspire, of
which it occurs as a variant, making rather more than
one revolution, and appearing  bow-shaped  in some
views (Fig. 5.4).

trachelotriaene (n.). Long-shafted dichotnacne with a
very small cladome and rhabdome swollen i a clublike
manner just below it

triaene (n.). Tetraxial megasclere, in which three similar
rays. called cladi, differ from the fourth, called rhab-
dome. The rhabdome is commonly though not always,
longer than the cladi, up o many tmes longer. The
cladi may be bent away from or toward the rhabdome
or show branching which s usually dichoromous  (in
dichotriaenes).  The rhabdome is characteristically un-
branched. Rhabdome s sometimes shortened 1o rhabd.
but properly this means 4 monaxon. Tracne-like spic-
ules may also occur in plakinids, as
lophose type of calthrops,

triod (n.). Triacun with three ravs in one plane disposed
at 120° angles.

tylaster (n.). Euaster with ravs knobbed termunally.

tylostyle (n.). Monaxon with one pointed end and one
knobbed end: normally a megasclere.

tylote (adj.). With rays knobbed terminally.

varants of  the



