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         CLASS PHAEODAREA

     by KOZO TAKAHASHI and O. R. ANDERSON

Phaeodaria are oceanic protists with porous
skeletons oomposed of biogenic opal with organic
substances and •traces (to 10/o) of Mg, Ca, and Cu.
They are included in the artificial grouping of
radiolaria in the older literature arrd are found in
major oceanic locations, dwelling from the near,
surface to great depths (4000 to 8000 m) in the
water column (e.g. Haeckel, 1887, Anderson,
1983; Takahashi, 1987, 1991). Skeletal sizes
vary from approximately. 50 pm for some genera to
several hundred micrometers for many genera.
Some large species are ,easily visible with the
unaided eye. The skeletons of Aulosphaera (Fig.
20) and other large, geodesic, spherical genera
may be several millimeters in diameter, and other
genera such as Coelographis (Fig. 3) with long
arm-like extensions can be tens of millimeters in
over-all dimensions. Due to the.porous structure
and different chemicai composition of the
phaeodarian skeleton relative to the pblycystines,
they are less resistant to dissolution in marine
sediments. Hence, the phaeodaria are less
represented in the microfossii record <e.g.
Takahashi et al., 1983).

Phaeodaria typically Iack algal symbionts. Current
knowledge of their role in marine food webs is
meager although prey has been documented for some
species. Phaeodaria appear to be generalists
consuming a wide range of particulates including
bacteria, Chtorella-like cells, other algae, diatoms,

scale-bearing algae, tintinnids, crustacea, and
"olive-green detrital matter" (Gowing, 1986,
1989; NOthig and Gowing, 1991; Gowing and
Garrison, 1992; Gowing and Wishner,.1986,
1992). Coelographis sp., alarge phaeodarian with
long skeletal styles, collected by SCUBA divers,
contained ingested detrital matter, metazqans,
flagellates, copepods, and ge!atinous organisms
(Swanberg et al., 1986). Additional information
on phaeodarian ecology in relation to polycystines
is presented in Anderson (1983, 1993).

    Morphotogy. Much of the classification is based
 on the skeletal morphology. Major skeletal types
 include those with bilateral symmetry <e.g. bivalve
 shells resembling microscopic clams, Fig. 8),
 radial symmetry (forming geodesic spheres gf
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982
remarkabte complexity, Fig. 20), and multi-
symmetry with polyhedral or more complex
geometric forms (Figs. 13,14,35,47). The
central capsular membrane (arrow, Fig. 25) is
thick relative to other radiolaria and contains two
major kinds ot pores, each with a cytoplasmic
strand that projects into the surrounding
environment: 1} 'astropytum" or orat pore
with a Targe opening and massive cytoplasmic
extension (A in Fig. 25) trom the central capsular
cytoplasm and 2) "parapylae" <P in Fig. 25),
usuatiy two pores, aru1smaller in diameter, at the
opposite pole (Fig. 25). Digestion of prey can occur
in the extracapsulum or within the
intracapsulum by ingestion threugh the
astropylum. A dense mass of darkly pigmented,
undigested debris (phaeodium, Fig. 2a,b) is
suspended in the extracapsular cytoplasm,
usually in the vicinity of the oral region at one pote
of the central capsule. The vegetative nucleus is
large arul spherical (only rareiy cordiform) and
occupies nearty all of the central cepsule (Fig.
22), During reproduction. the cytoplasm becomes
divided into nvmerous smalt swarmers, each
containing a nucleus with eight chromosomes.

PHAEODAREA

Some genera such as Phaeodina (Fig. 1) lack
skeletal elements or are surrounded by shells of
other protists. Other genera, such as Aulacantha
(Fig. 2), contain only a toose arrangement of
radially d:/rected individual spicules ornbecbed
within the extracapsular cytoplasm, but many have
more massive sketetal structures (Figs.
10,t5.26,38). The skeleton can be bilaterally
symmetrical with two halves forming a bivalve
resembling a clam (Fig, 3), campanutate (Fig.
29), or nearty spherical Ce.g Fig$. 15,16).
Others have holtow tubular skeletat elements
forming meshworks (Fig. 24), geoclesic spheres
(Fig. 20), and complex frameworks surrounding
the central capsule. Skeletal suriace structures
include spines (Fig. S3) and verticillate
extensions, i. e. ray-like extensions with many
whorls of Iateral spines {Fig. 22}. A tubular
elongation of the skeletal opening (perlstome)
near the mouth can be cytindricat (arrow. Fig. t8)
or trumpet-shaped (arrow, Fig. 12) and may be
oonnected to aclrcular arch (Fig. 11). Massive
arm-like extensions of the skeletal tramework
occur in some genera. These may form paired
stytes (arrow, Fig. 3) supporting ameshwork or
lattice mantle. Major projections known as horns

(large arrow, Fig. 4), or in other genera, feet
(arrow, Fig. 42) may extend from the periphery of
the shell, and there may be a ridge-like keet asin
Conchidium {arrow, Fig. 4). The surface ot the
mesh may be ornamented by numerous spine-like
extensions with swollen or expanclad tips (Figs.
3,20,23). Thesurfaceoftheshellmaybesmooth
(Fig. 26}, dimpled (Fig. 37), or ridged (Fig. 4).
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Fig. 1. Fam"ies Phaeosphaeridae and Phaeodinldae.
Phaeopyta spherica Cachon-Enjumet, 1961.
Pheeodina vaidivia {Haecker, 1908}.
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Ill`stl,..

 2, Famities Aulaoanthidae, Coelodendridae,
Castenellidae. 2a. Autacantha scolymantha Haeckel,/
1982. 2b. Ccetectendrum ramosissimum Haecket
t962. 2c. Castanetla "eiviitei Haeckef. 1887. 2d,
Castanissa valdiviae Haecher, 1907 (all alive).

   Taxonomy. The taxonomy of the
needs extensive modern revision as
true for the "radiolaria." Much of
taxonomy is based on the extensive

 Phaeodaria
is generally
our current
 systematics
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published by Haeckel (1887>, but it is clearly
artificial. A synopsis of current thought on
taxonoMy at the Ievel of Family is presented here
(Anderson,'1983, Cachon and Cachon, 1985,
Takahashi, 1991) though it may change
substantially with increasing evidence from fine
structural and perhaps molecular taxonomic
research.

The follOwing key to some major living genera is
not a natural grouping, but a practical guide to
some comraonly observed genera collected in
plankton samples.

      KEY TO MAJOR LIVING GENERA
                   `l!Å}i]]iiib

                   LM           vY
1. Skeleton lacking or composed of radiating loose
   spicules "".""".""........""........."...""..."......... I

1'. Skeleton entire, robust or composed of rods in
   framework...........................,.....................,.,... I1

        l. GENERA WITHOUT SKELETONS

1. No skeleton, loosely aggregated scales and
   spicules collected from other protists............. 2

li. Radialiy arranged needle-like spicules, not
   connected ."....."....."...".................. Autacantha

2. Phaeodium extra- and intracapsular, with thick
   capsular membrane........................ Phaeopyla

2'. Phaeodium extracapsuiar only.....,.. Phaeodina

         ll. GENERA Wi:rH SKELETONS

1. With bivalves "."""..""..."."",.,"m....".,.,.."".. 2
1`. Without bivalves .",....",...................".........••••• 6

2. With long paired styles, rhinocanna (nasal
   tube), and outer lattice-mantle. Coetographis
2'. Without styles ...."...."...".......,.."..m............,•• 3

3. With two horns, one on each valve at aboral
   hinge, lenticular, with keel .......,. Conchidium

3'. Without horns""m"........................................... 4

 4. Spherical bivalves ..............,.,....,....,..................5

 4'. Lenticular bivalves, and keel........ Conchopsis

 4'`. Lattice with circular pores and no hollow
   spines .............................,.......... Conchellium

s. With conical process (galea) and three or more
   branched spines......................... Coelodenrum

5`. Lattice with rectangular pores.. Conchophacus

6. With tubular arch and trumpet-shaped.peri-
   stome .,.......................................... Borgertella

6'. Without tubular arch ......."........".."..."........... 7

7. Radial symmetry (spheres)................"........... 8

7`. Bilateral symmetry (ovate, ienticular, cam-
   panulate) ..".......................".....""."""....."". 17

7". Multilateral symmetry <polyhedral)', smooth
   shelL"..""".""""...".......m....""."""."m"""" 24

8. With aperture ""...".".."."..,""""",""..m..."". 9
8'. Without aperture ...........,...................,...."..." 13

9. Porcellaneous shell, radial spines at center of
   stellate circles.............................. Haeckeliana

9'. Non-porcellaneous, with lattice work ....,...., 10

9". Trizonal meshwork (triangular pores), and
   tubular peristome........................ Porospathis

10. With main radial spines"..."""..................". "

10'. Without main radial spines, teeth on peri-
   stome.........,...............m...."..."....,.." Castanella

". Main radial spines branched, teeth on peri-
   stome ..,...."......."..........."""""....""... Castanea

11'. Main radial spines unbranched ....."............. 12

12, With teeth on peristome................ Castanissa
12'. Without peristomal teeth..'......... Castanidium

13. Large shells composed of tangential tubules,
   triangular or regular simple mesh, lacking
   pyramidal elevations..........................",.......".14

13'. Large partial skeletons, many radial tubules
   touching central capsule ..........""....,...""m.".15

14. With radial tubes........................Aulosphaerax

14'. Without radial"tubes............................Aularia

15. Lateral, venicillate branches on radial tubes
    ........,..,......................."...""......". Aulospathis

15'. Lacking lateral branches on radial tubes .....16

16. Terminal branches simple......... Aulographis
16i. Terminal branches forked.............. Auloceros

17. 0vate or lenticular shells ............,.....""".... 18

17`. Campanulate shells ........,...............,"...."..". 23
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18. With pharynx ."."..m...."""."""."................ t9
18L Witheut pharynx..."..................................,... 20

19. With one or more oral teeth ,..... Pharyngella
19'. Lacking oral teeth or marginal spine........,........
   .............,........................................ Entocannula

20. With marginal spines....."......,..........".......,.. 21

20'. Without marginal spines ....................,........ 23

21. Shell $urface basically smooth .,.................. 22

21'. Shell suriace alveolate...... Chattengeranium

22. With partial alveolate surface,.................."...
    ....................,...................... Challengerosium

22'. Wjthout alveoli..............,.......... Challengeron

23. Smooth surtace with oral teeth.... Protocystis
23'. Ridged'or furrowed surface, without oral teeth
   .............,...,....................................,..............,,..,25

24. Four equidistant articulate feet...,... Medusetta
24'. ()ne iarge and three rudimentary articulate
   feet ,..................,.,........................... Euphysetta

25. 0ctahedral shell.........................,.. Circoporus

25i. Icosahedral sheil .............,.........,.. Circogonia

 CLASS PHAEODAREA Haeckel, 1879

Skeleton composed of biogenic opal with porous,
sometimes'hollow, structures; thick capsular wall
with openings, a large astropyle and usually two
smaller parapylaq: one kind of axopodium associated
with the parapylae and a different kind with the
astropyle.

     ORDER PHAEOGYMNOCELLIDA
         CACHON & CACHON,1985

Skeleton absent or forming only a cup-shaped
structure covering oral pole.

         FAMiLY PHAEOSPHAERIDAE
           Cachon-Enjumet, 1961

Skeleton lacking; peripheral cytoplasm contains
shells of other protists (diatoms, silicoflagellates,

dinoflagellates, etc.) and enclosed by much
phaeodium. Intracapsular phaeodium presenL
(Fig, 1)

   Genus Phaeopyla Cachon-Enjumet, 1961

Phaeodiumextra- andintracapsular. Capsular
membrane thick. Astropylum large, simple, widely
open <Fig. Ia).

  Genus Phaeodactylis Cachon-Enjumet, 1961

Phaeodium extracapsular only. Capsular memb-
rane thick. Astropylum bordered with various
Iong, finger-like appendages.

  Genus Phaeosphaera Cachon-Enjumet, 1961

With characters of the family, intracapsular
phaeodiumpresent. .

 FAMILY PHAEODINIDAE Cachon-Enjumet, 1961

Skeleton lacking; central capsule surrounded by
cytoplasm containing shells of other protists and
numerous phaeodium-globules. No intracapsular
phaeodium. (Fig.Ib)
                     .
         Genus Phaeodina (Haecker)
           Cachon-Enjumet, 1961

With characters of the family. Generaliy with 2
central capsules (Fig.lb).

FAMILY ATLANTICELLIDAE Cachon-Enjumet, 1961

Skeleton and phaeodium usuaily absent, but when
skeleton is present, it forms a cup-shaped
structure covering the oral pore. Capsule always
globular, usualiy with 3 openings. Nucleus usually
adjacentto astropylum.

   Genus Gymnocella Cachon-Enjumet, 1961

No cytoplasmic strand; parapylae in aboral
hemisphere. Neither skeleton nor phaeodium.

       Genus Halocetla Borgert, 1907

Skeleton formed of spongy basket-like piece and 2
small wing••like rods.

       Genus Lobocetla Borgert, 1907

Saccular central capsule with finger-like
processes.
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Famities Coelodendridae and Concharidae. All scale bars are 100 pm except tor fig. 3, which is 1 mm, and Fg. 1O,
which is 50 pm. 3. Coelographis regina Heeckel, 1887, showing styles (arrow) {line drawing from Haeckel, 1887}.
4,7, Conchidium caudatum(Haeckel, 1887), with keel (arrow) and horns (large arrow). 5. Conchidium argiope
Haecker, 1887. 6. ConchophacusdiatomeusHaeckel,IS87. 8,9. Conchopsis comprassa Haecket, 1887. 10.Concheltium capsule Borgert, 1907, -
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Famities tirellidae, CastaneMdae. and Porospathldae. Scale bars=10 pm for Figsl 11,12,19 and1oo pm for Figs.

i3-t8. It,12. Boigertetla caudata (WalSich, 1869), with trumpet-shaped peristome (arrow). 13. Haeckeliana
porcettana Murray, 1885. 14. Castanidium tongispinum Haecker, 1908. t5. Castanelta macropera (Schmidt,
1908). 16. CastanetSa aculeata Schmidt, t907. S7. Castanissa circumvailata Schrnidt, t907. 18,t9. Porospathis
hotostoma (CIeve, 1899), with tubular peristome (arrow).
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      Genus Miracella Borgert, 1911

Parapylae at aboral pole. Skeleton absent or
formed by foreign adhering matter.

     Genus Planktonetta Borgert, 1902
       emend. Cachon-Enjumet, 1961
    '
Skeleton cup-shaped shell with articulate arms.
Parapyiae (2 or more) near astropylae (1 or
more). Large central capsule with single, Iarge

vacuole. .

  ORDER PHAEOCYSTIDA Haeckel, 1887

Skeleton simple, composed of numerous hollow,
thin and tangqptial needles at periphery or
composed only of radial spines with proximal ends
near the central capsule, or combinations of
radial and tangentiai needles (Fig.2).

    FAMILY AULACANTHIDAE Haeckel, 1887

Skeleton simple, composed of numerous hollow,
thin, and tangential needles at periphery, or
composed only of radial spines with proximal ends
near the central capsule; or combinations of
radial and tangentiat needles <Flg. 2a).

      Genus Aulacantha Haeckel, 1860

Tangential needles numerous, make an external
interwoven veil; radial spines denticulate (Fig.
2 a).

   FAMILY: ASTRACANTHIDAE Haeckel,1887

Skeleton of rad'ial, hollow spines with proximal

ends united at center, forming a hollow space,
surrounding two enclosed central capsules,

     Genus Astracantha Haecker, 1908

Spines with small, regularly disposed thorns.

       Genus CastaneJla Haeckel, 1879

Dentate (toothed) mouth, without radial spines
(Figs. 2c,15>.

       Genus Castanissa Haeckel, 1879

Large unbranched radial main spines scattered
between short bristles; with dentate mouth.

0RDER PHAEOSPHAERIDA Haeckel, 1887

Shell, one or more, composed of hollow or solid
rods enclosing the central capsule.

   FAMILY AULOSPHAERIDAE Haeckel,1887

Sheil generally latticed, or sometimes spongy,
composed of hollow rods that form a cortical
network with triangular or polygonal meshes
supporting radial by-spines (spines aristng at
the nodes of the meshwork) (Fig. 20).

     Genus Aulosphaera Haeckel, 1887

Lattice shell with triangular meshes; smooth
cylindrical, radial tubes, a verticil of'3 divergent

terminal branches (Fig. 20).

        Genus Autaria Haeckel, 1887

Like Autosphaera, but shell surface smooth, lacks
radial tubules (Fig. 25).

      Genus Aulotractus Haeckel, 1887

Single shell elongate, ellipsoidal to spindle-
shaped; radial tubules at nodal points.

   FAMILY: CANNOSPHAERIDAEHaeckel,1887

Two cpncentric shells united by numerous
strands; external shell latticed with polygonal
meshes and internal one massive with a pylum.
Radial $pines arise from nodal points of cortical

network.

      Genus Coelocantha Hertwig, 1879

lnternal shell latticed, with 60 to 90 radial
spines; external $hell pentagonal meshed; from
each nodal point emerges a smooth radial spine
bearing a verticil of 3 by-spines.
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   FAMILY SAGOSPHAERIDAE Haeckel, 1887

Skeleton spheripal with iattice work containing
subregular triangular meshes and filiform solid
rods. Internal she", when Present, has no pylum.

     Genus Sagenoarium Borgert, 1891

Double lattice shell with numerous pyramidal
elevations without axial rods and with radial
spines.

     Genus Sagenoscena Haeckel, 1887

Pyramidal tents or'elevations formed by rodlets
united at the apex, arising from the surface of the
iattice work, with internal axial rods, in some
species prolon.ged into a crowned radial spine.

       Genus Sagoscena Haeckel, 1887

                        .Pyramidal tents, arising from the surface of the
lattice work, without internal axial rods.

  0RDER PHAEOCALPIDA Haeckel, 1887

Spherical, polyhedral, or,ovate•shells, some with
porcelianous quality.

    FAMtLY CASTANELLIDAE Haeckel, 1887

SheU spherical with round pores. Radial spines,
arising from nodes of the lattice shell, cover the
surface. Shell has a large mouth (Fig. 15).

       Genus Castanea Haecker, 1906

Large solid shell; main radial spines branched;
small smooth mouth, spines on peristome.

     FAMILY CiRCOPORIDAE Haeckel, 1887

Shell spherical or polyhedral (generally Iarge
mouth) with either porcellanous structure
(nearly polygonal network with crests), or
tabulate (surface flattened and smooth at places,
like a slate tablet). Hollow radial spines
encircled at base by circle of radial pores (Fig.
46).

      Genus Circoporus Haeckel, 1879

Spherical shell with 6 radial spines (Fig. 46).

     Genus Circospathis Haeckel, 1879

Tetradecahedrai shell with 9 radial spines.

      Genus Haeckeliana Haeckel, 1887

Dimpled spherical shell without polygonal plates;
unbranched radial spines often numerous but
variable in number (Fig. 13).

    FAMILY TUSCARORIDAE Haeckel, 1887

Shell spherical, ovate or spindle-shaped with a
porcellanous surface, smooth or spiny, but not
tabulate or paneled (with flattened tile-Iike
segments), Few tubular spines regularly
arranged around aIarge pore or around circle of
small pores.

      Genus ruscarora Murray, 1879

Three equidistant radial legs.

      Genus Tuscarilla Haeckel, 1887

Four crossed teeth.

      Genus Tuscaretta Haeckel,'1887

Two oral teeth.

    FAMILY POROSPATHIDAE Borgert, 1900

Sheil spherical or ovate with a smooth or tabulate
surface containing irregularly disposed !ubular
spines. Peristome prolonged asatubule. (Fig.
t8>

     Genus Porospathis Haeckel, 1879

Single genus with characteristics of the famjly

(Fig. 18). '
  FAMILY POLYPYRAMIDAE Reschetnjak, 1966

Shell spherical or poiyhedric, loosely polygonal
pores, covered by pyramids tormed by 4-5 beams
(rod-like segments) and from which arise radial
splnes.
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   Genus Polypyramis Reschetnjak, 1966

Onegenus, one species with characteristics of the
family.

  0RDER PHAEOGROMIDA Haeckel, 1887

Shell ovate, lenticular or cape-shaped, sometimes
with spines.

   FAMILY CHALLENGERIDAE Murray, 1885
                          .
Shell ovate or ienticular with fine pores
composing hexagonal meshes. The peristome is
prolonged as atubular pharynx surrounded by
spines. She" may be covered by marginal or
aboral spines (Fig. 34).

         v
     Genus Challengeria Murray, 1876

She" with oral teeth, without kmarginal spines.

     Genus Challengeron Murray, 1879

Like Chaltengeria, but has spines on sharp
marginal edge of shell (Fig. 34).

                       -)                  ;
    FAMILY MEDUSETrlDAE Haeckel, 1887

Ovate, hemispherical or.cape-shaped <ovate with
a broad basal opening) shell of alveolated
structure, with by-spines, and with or without
apical $pine. Peristome surrounded by
cylindricai, hollow, articulated spines (Fig. 42).

      Genus Euphysetta Haeckel, 1887

With apical spine; 1 long and 3 small teeth-
splnes.

       Genus Gazelletta Haeckel, 1887

Shell hemispherical, no apical spine; 6 "feet"
(very long) that are radiate without terminal
branches.

       Genus Medusetta Haeckel, 1887

Four branched feet, apex usuaHy with horn (Figs.

 FAMiLY URELLIDAE Loeblich & Tappan,1961

Small, elliptical sheli with iongitudinal striae:

apex with or without apical spine, or with an
elliptical ring connecting apex and exterior of
aperture. One of the most abundant families of
deep-water dwellers (Fig. 40).

    Genus Borgertella Dumitrica, 1973

Shell with 2 main parts: egg-shaped chamber
closed at the aboral end and armed with a hollow
spine, and a long, more or less curved, trumpet-
like peristome. Inner cavity of 2 parts separated
by a diaphragm and communicating only through a
narrow tube entering the peristorhal cavity (Fig.
11•).

       Genus Liretla Ehrenberg, 1872

Ovate or lenticular shell (not bivalved) without
pharynx, ridged or furrowed surface,. without
oral teeth (Fig. 40).

 0RDER PHAEOCONCHIDA Haeckel, 1887

Sheil composed of 2 thick-walled valves
resembling the 2 halves of a clam shell.

     FAMILY CONCHARIDAE Haeckel, 1887

Shell composed of 2 thick-walied latticed valves,
spherical or lenticular, pertorated by many
pores; valves with smooth or dentate edges and
oral spiit between valves; horn on aboral hinge
(Fig. 5).

      f      Genus Conchidium Haeckel, 1887

Bivalve shell without styles, but with 2 horns,
one on each valve at aboral hinge, lenticular, with

keel (Figs. 4 ,5)

 ORDER PHAEODENDRIDA Haeckel, 1887

Shell with 2 hemispherical, thin-walled valves.

    FAMILY COELODENDRIDAE Haeckel, 1887
                 -
 Shellcomposed of two thin-walled hemispherical
valves (a dorsal and a ventral one) with many
pores. Each valve with a conical process (galea)
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Famieies Aulacanthidae, Aulosphaeridae, and Challengeriidae. Scale bars=t mm for Figs. 20-24, tOO pm for Figs.
25-27, 29, and 50 pm for Hg. 28. 20. Aulosphaera dendrophora Haeckel, 1887 (tine drawing ttom Haeekel, 1887}.
21.Aulospathis biturca Haeckel, 1887 {line drawing trom Haecket, 1887}. 22. AulQgraphis candelabrum Haeckel,
18B7 {llne drawing from Haeckel,1887). 23. Autoceros spathillaster Haeckel, t887. 24. Auloceras elegans
Haeckel, 1887 (line dfawing from Haeckee,1887}. 25. Aularia ternaria HaeGket, 1887 (line drawing from
Haeckel, l887). 2e27. Phar)tngelia gastrula Haecket, 1887 with inside view CHg. 2B} shewing detail of a pharynx.

29. Entocannuta infundibulum Haeckel, 1887,
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from which three or more divergent, branched
hollow spines arise whose branches may
anastomose and form a spongy mantle (Fig. 3),
Many genera.

      Genus Coelodendrum Haeckel, 1860

Spherical bivalves with conical process (galea) and
3 or more branched spines (Fig. 2b).

      Genus Coelographis Haeckel, 1887

Bivalved sheil with long paired styles, rhinocanna
(nasal tube) and outer lattice-mantle (Fig. 3).

    FAMILY CHALLENGERIDAE Murray, 1885

           v
Shell ovate or lenticular with fine pores composing
hexagonal meshes. The peristome is prolonged as a
tubular pharynx surrounded byspines. Shell may
be covered by marginal or aboral spines. (Fig. 34)

     FAMILY MEDUSEITIDAE Haeckel, 1887

Ovate, hemispherical, or cape-shaped (ovate with a
broad basal opening) shell of alveolated structure,
with by-spines, and with or without apical spine.
Peristome surrounded,by cylindrical, hollow,
articulated spines. (Fig. 42)

  ORDER PHAEOCONCHIDA Haeckel 1887                                     i

Shell composed of two thick-walled valves
resembling the two halves of a clam shell.

          .
      FAMILY CONCHARIDAE Haeckel, t887

Shell composed of two thick-walled latticed valves,
spherical or lenticular, perforated by many pores;
valves with smooth or dentate edges and oral split
between valves; horn on aboral hinge. (Fig. 5)

  ORDER PHAEODENDRIDA Haeckel, 1887

Shell with two hemispherical, thin-walled valves,

    FAMILY COELODENDRIDAE Haeckel, 1887

Shell composed of two thin-walled hemispherical
valves, dorsal and ventral, eagh with many pores.

Each valve with a conical process (galea) from
which three or more divergent, branched hollow
spines arise, the branches of which may anastomose
and form a spongy mantle. (Figs. 2, 3)
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