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PREFACE TG THE TRANSLATION

Thie paper, kindly wanslated by Professors
David Sensbery and Ul Soehngen, must be read
with the understanding that it was written in 1942
during World War i1, All museum specimens and
literature were then preserved underground and
wholly (nsccessibls,

It has been 22 years since this paper wes wrig-
ten, and I have mied o continpe this work.
Meanwhile we have come to know the recent
Australian and South American Nalades through
the effoets of Mackiichae! and Bonetto respeci-

tvely. The fossil forms of Siberis have been
studied by Rammelmayer and Mertinton; those
of East Asla by Suduki and Hoffetr; those of the
Sabara by Mongtn; saad the North Amerisan ma-
teclal by Russell, Yen, snd others,

Consequently it & not ewenge that my inter-

pretations of 1842 are changed in many detalls,
The basic outline, however, stil} stands,

Therefare I have no doubt thar {t is proper
to reprint this old peper &y & reforence for ail
workers on Naiades who not only wish & system
for vee i classificadon, but for all questons
confronting investigaton in nalad Phylogeny,
thefr connections with climatology, paleogeo-
grephy, and even geophysics,

1 hope o publish a revised state of this 8yg~
tem soont kod aleo hope for the assistance of
botk: authers of this wapslation.

Hans Model)

12 December 1063
Weller am Allglu
West Germany
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THE MATURAL SYSTEM OF THE NALADES

Since Simpson’s grest "Synopéis of the Nala-
des, ™ of 1900 and i accompanying volumes,
“The Descripuve Catalogue™of 1914, naiad re-
scerch has not made very much progress. The
matn work of researchers has been directed to-
wards the simplification of the species Hat which
had become too lengthy, and toward the inves-
gaton of the angtomical relationships of indi-
vidual species. In this regard in particular Ore-
mann's work “Notes Upon the Families and Ge-
ners of Naledes™ of 1912 has been pioneering.
Other works of Ortmann concerning the Naiades
of Pennsylvania, the Tennessee and Cumbetland
systems, and these of South America have been
additional conuributions in anatomical as well as
systernatic flelds,

The second part of the research, the arrange-
ment of the species into netural groups, has also
prought forth & series of important works. Sev-
eral sre: Frierson’s “Checklist of the North Am=
erican Nziades® of 1927; the revision of the Asi-
atic Naiades by F, Haas which was begun for the
Conchyliencabinet in 1911, brought to & LemMpo-
rary halt in 1923, and was condnued then in in-
dividus] weauses.  There are, in addidon, the
weorks on the inland Mollusca of Africe by the'
larzer authos in 1936 snd & new revision of the
Nasizdes of the Ausalian continentby T. Ire~
dels in 1634,

Of the works listed, only those of Ortmann
seemed to advance and suppert the sysiem which

Simpson had built to & grest exient oo inferences

pased upon analogies. Despiie everything, ow

sngromical knowledge of the Naiades is not &8

general in all groupe as might be desired. Fur-

thermore, the shmtomicsl sructue varies in

_ many cases 80 thet we will not be able to clear
up in this manner which are to be considered as
species and generic characteristics and which

are to be considered characteristics of the indl~
vidual.

One thing, at eny rate, 18 glready certain
_today. The far-reaching conclusions made by
. Simpson, with regard to the we of the gills fox
incubston, were overextended and thereby his
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theory of the close relationship of the four-gill
breedert or the oumide-gill breeders are to be
tejected. Simpson has, as Ortmann emphasized
in 1912, paid woo little atention 1 the shell and
especially to the sculpure of the begks. The
scuipture of the beak has, in particular, proven
imelf to be & most impariant chargcteristic,

All wo much has been described in the field
of naiad systemarics even if one dizregards the
thoughtless species-making of Bourguignat and
his school and the mass describing of Lea which
does not stand too far behind this school. In all
diagnoses it becomes obvious that time and again
st authces had no idea at all of what is im-
portant end unimporiant the shell of the Nai-
ades. Thus, on the basis of the most insignifi-
cant forms {or types) wiich sppeared, geners
were set up such that the diagnosis, in many
cases, does not show a single important charsc-
teristic clearly enough rhat it can be recognized
again, The end result was that the much-pla-
gued museum man looked on the Naiades a8 be-
ing & small phantorn of fright and that our mu-
gseums, in too many cases, are supplied abun-
dantly with incomect determinadons. Generic
narres have been through & marked inflation
since Simpson {1600} began, in a greater neas-
we, the division into sub-genera. Haas, Frler~
son, and Lredale have subsequently added thelr
fair share so that soon each good species could
insiet on its own generic name, However, on
the other hand, there is something ® be-sald
for such groupings since each natural species is
uguaily based on 2 long phylogenetic history con-
taining many geologic mutations.

Simpson has already said much {which could
stil be said) in the Inmoducticns of both works
nemed gbove, so that I can point to them. i
am sorry to say that inpoductons are seldom
read.

The work of most researchers has been limi-
ted during recent years to the reduction of the
number of species. This has been based upon
literature research.

The most critical examination of the origial
descripdon, if possible of the type specimen,
followed by the removal of superfluous names
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was the usual procedure. {f there is sufficient
participation, thiz process can bring ue, ina
hundred years, 1o a fairly usable and convenient
sysierts,

In erder to arrive at 8 recognition of the spe-
cies and higher categories which actually exist
in nerure, I have wied another approach. 1 have
tried to view without bies the material which ]
have seen and warked over in our museums {i. e,
Munich, Berlin, Stuttgart, and Frankfurt) to-
gether with that of my own collection and the
material I have been able to obiain from the
literature at my dispossl. Itis almost asif I
had befare me the marerial obtained on an ex-
pediton to an unexplored planet and I have used
on it the experiences of a biological nature
which I have obtained in better than 20 years of
collecting,

! have come in this to surprising conclusions,

I emphasize emphatcally that the present
work is the first attempt to use equally and com-
pletely the poesibilities of differentiation which
have been given to us in the shell of the Naiades
for the comstruction of & natral system. 1 am
expectng the ohicdon: What is a good species?
and I have this arawer: A good species is a com-
munity of individual znimals of the naiad group
which can be differentizted from every other
community of equal standing by the form of the
shell (the outline ln the young specimensy, the
sculpture of the wnbone (beal), and the structure
of the hinge and - when it can be checked - of
the soft body. This holds wue only if the speci-
mens are weil preserved - and I believe the main
importance should be placed on differeatiability.
With this concept I have arrived at a system of
about 450 good species for the whole recent na-
iad fsuns.

As impertant as the anstomy of the soft body
has moven to be in many fields of molluscan re-
search lt mmay as easily be overestimated in it
tmportance for the Nalades. 1f we disregard all
“side work”™ there remain few points concerning
the soft body which have value for systematies,
These are mainly restricied to the wue mutelids
and their direct descendants, the North American
ellipticnids,

STERKIANA 3

These are:

1. The pesition of the maisupiwn in the
gillzs and the continuation of development up to
the most complicated structure. In the latter
cage this can be known by the shell through dif-
ference of the sexes (Lampsilinae),

2. The growing together of the anal and
supra-anal openings forming a distinct siphon
can be seen at the shell through an indentation
of the posterior margin of the mantle and occa-
siontally also by the gaping of the shell, This
development usually proceeds continuously to
the enclosure of the body of the mussel through
fusion of the lower mantle margins. Thus it is
in part of the Mutelids.

3. The development of 2 long clinging
foot with a sucking disc. This foot is especial~
1y sirengthened with rewactiie muscles and the
shell gapes at the rear end. 5o it s in the case
of Mutelids and Elliptionids,

Most of the other anatomical characteristics
go hand-in-hand with changes in shell form,

The shell itself gives us very few character~
istics which are important for description and
recogrition except for following secondary ana-
tomical characteristies: _

1. The normal optimal form of the shell
usually comresponding completely to the shell of
the young.

Z. The normal beak sculpture, varying
bielogically in swamp, sweam, and lacustrine
forms.

3. The normal swucture of the hinge teeth
of the species varying in the same manner.

The color of the mother of pearl can be wed
as an addidonal character in several North Am-
ericzn, South American, and African species
groups. However, it is assumed in this case that
one is dealing with & character which has been
acquired upon entering certain geologically ho-
mogeneous regions (orange and red coloration in
wopical highlands, blue coloration in tropical
lowlands, violet coloration in North Americs).
Furthermore, in the hingeless African and South
American mutelids e ligamental indentation,
which very often has been lengthened into a
hock, is a useful characteristic for differentia-
tion.
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For the fossil Nzlades the condidions are more
difficuir since we usually have only incomplete
remaing, Thus most species in which one saw or
suspected hinge seeth were placed in the Genus
Unio and thae lacking hinge teeth were placed
into the Genus Anodonta. Henderson in 1835
still used both genera in this sense. He did this
unjustly since today they cotrespond exaciy to
groups of species and are not a dumping ground
for wash. As for the remainder, I have already
wied, ag far as is possible at this tme, to build
the fosail palads lnwo the system.

It is impossible to give exact descriptions of
the individual paris of the naiad hinge and beak
sculptwre using current terms - which, in most
cases, say almost nothing. 1 have redesignated
these parw in a nonambiguous manner using sev-
eral drawings. See table 8 and iws explanation.

The hinge of the Maiades is very simple in in
basic structure, 1t consist of two pairs of lamel-
lae in the left shell and two single lamellae in
the right shell. The awempt of thering, Sto-
liczgkn, and of otherg, 1o derive It from a taxo~
dont hinge 1 mistaken and is based on an over-
estimation of a single observation of the hinge
of the African mutelid group iridina. Its
hinge, however, is not originally taxodont but
is ant auxiliary hinge which has been newly
formed following the loss of the wue hinge
through cross-grooving of the still-present hinge
plate according to the hypothesis of the non-re~
versal of evolution.

if & taxodont hinge were really the original
hinge of the Natades, more vestiges would stll
be present today. However, they are misming
completely. Ounly the hinge of the left shell is

important since it is sormewhat more compli-

cated and therefore gives greater posaibility for
description. In table 8 [ give 2 :cheme of the
original naisd hinge. The figures signify: I =
anterior cardingl rooth, I = posterior cardinal
tooth, 41 = venual lamellar tooth, 1V = dorsal
lamellar woth, Regardless of whether the car-
dinsl weth are formed as lamellae or as thick
weth the gbove terminology holds. Their be-
ing nemed preudo-cerdinal teeth in the naiad
group i misieading snd worthless.
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The scuipture of the umbone of the Nalades
has behind it a rich developmental history. In
the mutelids we s:ill find the simplest stage -
small, seemingly insignificant, rregular dow.
The rest of the mutelid group has developed &
regular sculpiure which consists of wwo arches
which meet at the umbone in a 1ather obuse
angle (Plate 6, fig. Ej. The Ellipdenidae,
direct descendants of the Mutelidae, heve the
same sculprare, The true unionids, {Plate 6,
fig. C) however, have both arches of the mute~
lids subdivided again at the posterior ridge and
on the antericr slope of the umbone $o that 4
arches are formed. [ have named them as fol-
lows: 1, the primary arch, 2. the anterior arch,
3. the posterior arch, and 4. the areal folds
(Plate 8, fig. C, D), From this all such seem-
ingly complicated naiad beak scuiptures are
formed. I shall discuss details when I come to
the individual groups. I refer the reader to the
illustration on plate 6.

The possibilities of naiad shell development
ge in three directions:

1. Swanding-water forms having the great-
edt possible decrease in hinge development up
to total disappearance (Anodonta fams).

2. Normally moving water forms which
have the anterior lamellar arches of the hinge
shortened w tue cardinal teeth (Unio forms),
(Piate 6, fig. G).

3. Fast-moving water forms with a
suengthening of the hinge and a reformation of
the shell in the direction of a high three cornered
to high four cornered "rollingsione ™ shell form,
(Quadrula form) (Plate 6, fig., H).

After these somewhat roundabour but neces-
gary explanadons I still have 1o dwell somewhat
longer on the evolutonary history of the naiads
far an understanding of the systematics based on
it

The whole group of the naiads pretenus in it-
self a complete entity, a group of the Lamelli~
branchiata which is fitted, without exception,
for life in fresh water. As far as it is posgible
for me to judge twday the wigonids stand ocutside
the naiad group and iw progenitors. The Nalades
are, however, more clogely related to the Car~
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dinids, This cen be substantiated by a series of
similar charscreristics. It even seems probable
that the Cardinids are a branch which has re-
turned to the seg. This would not be surprising
in view of the persistently flucruating island-
- like pature of Mesozoic Europe,
Whether we can let the naiad s1em begin
-with Fordilla troyensis Barrande from the
middle Cambrian of New York or with the lower
Devonisen Amnigenias catwskiliensis Van-
uxem is not yet clear. The first group we may
. definirely comsider as Naiades is the Family An-
thracosiidae which were worldwide in disgibu-
tion from the Carboniferom to the Triamsic.
Probably during the Permian, and at the same
. time on all continents, the stems of the Naiades
developed from these dwarf-iike forms. Nothing
remains from this cldest development, We may
however assume with certainty that the naiad
type of this early fauns was fairly uniform. Ir,
o & large degree, corresponded in shell suucture
and in iz sbaence of sculpiure to forms which we
. may consider to be the last remains of that fau-
nas 1 South Americs the Genus Prisodon
Gohum. , In Afries Pseudavicula Simpa.,
- &0¢ in Austrglis Velesunio lred.
The separation of the porth continents from
the south continents started at this time. This
- was followed by the divition of the south conti-
peat fuelf, and these events determined the fur~
ther direction of evoludon. In South America,
..l very aimilar to Africa with respect to its
- origine! mutelid fauna, these forme continued
to develop Into slmest or completely hingeless
forms.. They have robably slsc undergone grest
changes in anawomy. These are the subfamilies
Anpdondtinae, Glaberinae, Mycetopodinae,
- Monocondylaeinse and, 4 group having an ary-
pical origin, thet subfamily of freshwater clams
which have sprung from the Anodontitinae, the
Bartlertlinze . Oeccasional later connections of
shogrer duration have also permitted the immi-
gration of a species of the Spathopsinae and a
tpecies of the Ildininae from Africa. However,
- & connecticn with the North American continent,
which probably had im origin before the Triasic,
- became moge imporiant. It brought to North
Ametics, in sddivion to the completely developed
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Mycetopodinas with lu reduced hinge, the baste
form of the unionids of that dme, These smeall
naiade of the type of Unlo gallinensis Mesk,
&nd cristonensizs Meek probably becsme the
progenitors of the Norih American Unios.. Van
der Schalie hat placed them in the Genus Tri -
gonodus Alb.. Development contdnued rapid-

ly from these forms to the Pleurobeminae which

-Ortmenn has considered to be the progenitors of

his Elliptio. These finally gave rise to the

- true Elliptioninae accompanied by a better de-~

velopment of the umbone sculpture, and flnally
to the Quadruline formse which are the Amble-
minae of today. Already in earlier times a sub-

- family had begun with the reduction of the hin-

ge. It had started in an unusual manner with
total los of the upper lateral tooth and the re-
duction of the lower to & large degree (Alasmi-
dontinae). Ore species has even gone so far as
to develop an anodontid form. An additional
subfamily (the Lampsilinae) has evolved in dif-
ferent directions from true elliptionids. They
have the marsupium limited to the posterior end
of the outer gill and, through & folding or roll-
ing up of the mersupium, have developed better
water circulation, Whether this exueme speci«
slization can be considered to be the highest
development appears questonable o me. At
any rate, it is the highest level the naiads have
reached in the care of the young. In other re-
spects this group in partcular has remained very

- primitive. This is demonsirsted by in glochi-

dium and umbone sculpture which are directly

. related to the African mutelids., In the lower

Cretaceons this development has, for the most
part, already been completed. Thie group has
apparently never spread beyond {1 present range.
The African mutelids have developed, with
the exception of the original relic Preudavi-
cula. which differs in it hinge teeth, a series
constituring the subfamilies Mutelinae, Aspatha-
riinge, and Spathopsinse, which find a parallel
in the South American forms. Of the Spathop-
sinae, one species later migrated to South Ame-

- rica. As z special development the Iridininse

changed the hinge plate, sfter the loss of the

{TEXT CONTINUED ON PAGE T)
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EXPLANATION OF PLATES
PLATE 5. Phylogenedc relationships of the Maiades,

PLATE 8. Fig. A, Outline of a Unlo: I enwerior margin, I umbone, Ui dorsal margin, IV ven-
wal msrgin, V posterior margin (beal)y. Fig. B, View from shove: | pipht valve, [ left valve,
HI wrbone, Fige G, Unlould sculprwe: I primary srch, 11 anterior arch, I poswerior arch,
IV arcal fold, Fig. D, Parreysid or V-sculpiure. Same terminology. Fig. E, Aapatherid sculpe
twe. Seme terminology. Fig. F, Lamellar hinge: I anterior cardinal woth, 11 posterior cardi-
nal woth, LI lower lamellar tooth, IV upper lamellar tooth. Fig. G, Unio-hinge. Fig. H,
Quadrula-hings.

Umbene sculptures: {slightly enlarged) Glabarinse: 1, Glabaris trigonus Spix, Spathop~
singe: 2. Spathopsis wahlbergi Kr,, Aspatharlinae: 3. Asp. rugifera D, 4. Asp,
pfeifferiana Bern., 5. Asp. rubens Lam., jridininse: 6. Jrid, ovata Sw., Plewrobe-
minge: 7. Pleurob. mytiloides Raf., Alasmidontinee: 8, Alesm. undulata Say, @
Pressodonta calceols Lea, 10. Pegias fabula Lea, 11, Plawynaias viridis Raf.,
12, Simpsoniconchs ambigua Lea, 13.-156. Strophitus undulatus Say. 18, Apo-
dontoldes ferussacianus Lea, Ellipuoninse: 18 Ell, buckley!l Lea, 18, ElL dila-
tatus Raf., 20, Uniomerus tetralasmus Say, Ambleminge: 21. Amblema plicata
Raf., Lampeilinge: 22. Lamps. fasciata Raf., 23. Lamps. teres Ref,, 24. Lamps.
recia Lam,, 25. Ptychobr, fasciolare Raf,, Cucumerunionae: 26. Cuc, beccari-
anus Tapp., Heudeaninaze: 27. Heud. murinum Heude, Margarivferinae: 28, Marg.
margarttifere L., 99, Cumberl. monodonta Say, Psendodontinae: 30, Pseud. lo-
oscularis Gld., 31. Monodontina vondembuschiana Lea, 32. Obovalis loom-
isi Simps., 33. Microcond. compressa Mke., Hyrilnae: 34, Bipl. chilensis Gray, 33,
Dipl, rhuacoicus Orb., 36, Hyria rugosissima Sow., 37, DiplL fluctiger Les,
38, Caztelis quadrilatera Orb., Propehyridellinge: 39. Pr. nepeanensis Conz., Par-
reysiinse: 40. Pars, corrugeta Mill., 41, Acuticosta chipensis Lea.

PLATE 7. 4%. Protumio messagersi B. & Dauz., Lamprowulinse: 43, Lampr, leal Gray,
44, Inversidens jepanensis Lea, Quadrullnee: 45. Quady. guedrula Raf., 46, Me-
galenaias gigantes Bam., Lamellidentinae: 47. Lam. marginalis Lam., Hyriopsi-
nae: 48, Hyr, schlegeli Marum., Cafferiinge: 49. Caff, cafira Ki.. Recddentinne; 0.
Rect, orientslis Les, 51-52. Physunio superbus Lea, 53. Pllsbr. exilis Les,
54-55. Pygenodon grandis Say, 56-57. Lastena ohiensis Raf., 58. Last. subor-
hiculata Say, Conwadendnse: 58, Contr. dimotus Lea, 80. Contr. {Sprickiajrus-
ticus Lea, 81, Pressidens exanthematicus Ksw,, 62, Caudiculstus caudicu~
latus Mearw., Ancdontnae: §3. Pletholophus discoideus lLes, 66. An. japonica
Cless,, 86, An. msrginata Say, Caclawcinae: 67. Cael. aecgyptlacs Caill., 88, C.
bakeri Ad., 89, C. hauttecoeurs Bouwg., 70. Grandid. bursoni Woodw., V1. Csel.
gabunensis Ksw., Nannonaiinae: 72, Naun. caerules Lea, 93, Wann, crispata Gould,
74, Trepezoldeus faliaceus Gould, T5. Nenn. mossambicensis Marg. , Unlonae;
78, Uanio schidel Haaz, 77. Cuuneopsis pisciculus Hde., 78, Cun. celtiformis
Mds., 19, U. douglasisze osbecki Phil,, 80. U. dougl. doungl, Gr. & Pidg., 81-87,
U. mancus glaucinus Porro, Oberitalien, 88-92, U. terminalis Bowg,, 83, U, tie
gridis Bowg.

¢ THE THREE PLATES OF THE ORIGINAL ARE HERE GROUPED INTO OBE}




Rectidentinna
:_f Controdentinee
3 Anadantinge

Unionidae

Lamprotulinae Quadrilin

Eltiptionidae

nibleminge  Lamps! ipas Propehyrd linag Hy i

Un gpince

e e s e e Lo g .
Eitipt offnae | H Parceysligfae  Lamell wnhmr%a A anaiings
| Mycatopodinae  Mufetinae "

Pieurchermninae §
i Bartiettiinae

Caglafurinae

Rlasmidontina

]
- - .iﬁargariﬁ ferinas

iﬂnoa’on itinae } Aspathariinae TTommommommemmems — o . "
Tregon : . Diplasminae

| Etheriinag " Heddeanings

3 Jridwince -
- dodontinag

Spathdpsinas . - i
R | 2 Lortelliynae {

Cucumemae

Prisodortinae- g Paeudaviculinae 1 ﬁa,ya rﬂ-’fferida @
| -

circumatiantischer indo-pazifischar
Semm Mutelidae e 5
42 w3 b4 s P
/ 2 i N e F{\{;—‘ = %g\@&-g & &
* *7[ = 7 NP N 1)
“ = 1] %4//,%
. X 2 A B S A&
=T ™ = N L R = N
T oeaxT « N W ©
F+) Fod Fi3 36 57 E1] &9
e E S Alle 2T EE RS
ha -7 X
- & ~d s ol
id [ I ) He o8 b &t 1 &3 FT IYs
R 9D || & & B E B
7% ” ] 4'!___ 2 i P PR . " "
—— 2N A -
“V\J? -~ -%"Q//ku
v 23 x8 2%
‘E:.J @-ﬂ & f'ﬁ Y2 k] A yE /E‘
s = = )
= AT FE N G §
e
2g
“@&%‘E “é:g, ’:6:- a2, ¥y 78 1) ' s
"Q; - TR =~
o NSO E‘Eg\é\\ (@_\@?&
e e ol — Reci
- <.
R AN NI T
i N er . . .
4 NCTUTE IR
N § o= & & oz oz 2 A
T = A 5 . S
‘“@6 B 2 Y F 7
=




SRR

NO. 14, 1UNE 1964

original hinge (g iy thelr ancesira) group the
Bpathopsinge) ingg & new crogw ribhed hinge.

The Etheriinae, coming from ihe Aspathari-
inae, reached the typlcal form of ay oyster as
did the Souh American Bartettiinae, The in«

dlan fresh wagey oyfer Peendomuylery & Anth,

the further development.
The third large southern continent, Australia,
Compared to the 4 fricy and South America of

southeast Asia, The other Subfamily, the ve-
lesunioninae Iy, s 8tll shows the 8teps of trapgj.
tlon from the ye lameliar hinge 1o the unionid
hinge, They remain, however, withour sculp-
ture. It is probable thar one mus; wace the de-
velopment of the Family Margaritanidae back
0 Australia, They, original sculpryre consises
only of the two middle arches which have smayg
Upswept Hneg on ho sides, Ay any rate, Aus-
tralia still has the mogt primitive subfamily of
this family, the Cueumerunioninge Ir. The re-
maining subfamilies, the Heudeaninge, the
Pseudontinae with the reduced hinge, and the
true Margaritiferinae are still found ig nearby
scutheast Agja. The later expansion of the
whole family occuwrred In the Upper Cretaceons
and Eccene, 4 further main migration of the
Pseudodontinae to Europe and Norgy America

The most difficuit problerm is the nanue of
the connecton of ihe ue unionids 1o the mite -

nionids appesar to be connected with the Veleg~
unionids of Augrrais. This stage Correspands 1o
the American Trigonids and i fepresented by
Trigonodus in the Raibler strata of the Tri-
astic in Europe ang by the living sculprureless
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Diplasmidy ip India. Thys transition may have
Occured at the time when Austratia, according
1o Wegenerts theory, was sy located farther
WeSL. The fauna of the Indfan continenia; block

Primitive in-go. fu, 8 the rising arch apg the are-~
al folds are fully developed apd 8eparated, How.
ever, both middje arches, in Compiete contragy
to the muteyigd fculprure, form ap acue angle
pointing downward, Since g large number of

the groups which have i $culpture soon devej-
op the rue Unjonig §culpture, we cap say, in

the case of this Parreysien sculpture, thar jrg ap-
Pearance ag j time ~bound type-characreristic 44
to be understood i the sense of BDacques theory
of types, Pmbably in the Indjan area where aJ3
basic forms ape st living, there Appeared ip

inae appears wigh the Hyriinae, The Parreysj .
Inae of North America, however. change grady-
ally in the Jurasgic and Cretaceous inig the Qua-
drulinae, The Hyriinae have today covered ay
of Sourh America apd have, iy the Pliocene, a4

the Parteysiinae, e Propehyridellinge k., sty
live in Auswralia,

The Lamellideminae, which wete algo ori-
ginally provided with V-sculpture, had also 4
Comiplete lamellar hinge, They became, through
scarcely noticeable, though nog yeroblitersted
transitional characters, the Progenitors of a geyjeg
of subfamilies a1 of which, however, have Uni-
onid sculpnye, The first of the series is the gyj .
family Cafferiinae which is Hmited 1o Sougy 4.
frica today, Secondly, the Hyriopsinae in 1he
Tertjary exhibited 4 rong development of the
ghell and, today includes the largest living naiages,
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Hyriopsiz and Dipsas. On the other hand,
this subfamnily has the weeth and, in parricular,
the cardinal teeth reduced in part, They have
also been represented in Burope from the Mio-
cene 1o the end of the Pliocene. A further
branch of the Lamellidentinge is split into the
Contadentinae, Rectidentinge, and the Ano-
dontinge. The former remain limised to south-
exit Asia, the Rectidentinge migrate. after the
loss of their hinge, to Europe and North America,
The Anodontinge also lose their hinge and spread
over all of the north continenw. A further sub-
family, the Caelaturinae of Africa, forms the
wangition o the Nannonaiinae of East India,
Also in thig case the original sculprure is V-sha~
ped. However, already within the siem group,
the sculpture hes changed to the Unionid type.
This has a later throwback into an apparent V-
sculpture in a single genws(Cuneopsis). For
the rest, the development continues almost with-
out deviation to the true Unioninae. These have
occupied Europe and Asia since the Upper Cre-
taceout but have never reached North America,

Thus we see that the faunal pattern of today’s
Maiades has terminated, for the most part, at 2
geologicelly early time, i.e. the Upper Creta~
ceows. Only & few groups, which belong mostly
to the higher developmentsl steps of the Unionids,
made 5111l further progress in the Tertiary. The
last attermpt to form new Quadruline forms in
the Evrcpean Pliocene was by these young groups
and thiz was disrupted by the onset of the ice age.

The over-all picture of the developmental
history of the Maiadeg given here is probably as
interesting as the development of the mammals.
With "Altmeister” (old master) Boelsche one
could write 2 volume titled "Wanderings of Na-
iades in Ancient Times. "

1 hope to be able to publish, within a short
time, the bases for this paper. I am adding a
compilation of the most important types of beak
scuipture. They will give the reader 2 concept
of the mobability of what has been presented.
The "family tee,” which has also been added,
is not, of course, meant to be a family wee in
the sense of Haeckel®s school but only a presen-
tation of those wansizion lines which represent
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the connection of relationships between the na-
iad proups. Despite its limited size, one miay
recognize in it several important poing, which
until gow could not be discussed. One is the
division of the originally uniform developent
into two lines. A circumarlantic branch, which
has, in the southern portion of i range, already
completed development to the Anedontid form
and in i nordiem 1ange, has reached it highest
development in the Elliptionidse with the hinge
retained. An Indopacific branch, whote mutelids
have, for the most part, continued to develop
into modern forms and brought forth the modern
Unionids afrer having split off the older Margari~
tiferidae. 1 consider these and not the one-sided
highly-specialized Lampsilinae to be the only
Naiades capable of further development.

In the following compilation I have assigned
a geries of Cenwal American forms to the sub-
families Elipdoninae, Lampsilinae, and Qua-
drmlinae, although this assignment is open
quesdon. Frierson’s compilation and assignments
also have to be checked over criticaily. This
was impossible for me 1o do because of the in-
completenesy and confusion of the literature and
the sparse material present in German museums.
I have also regerved a large part of the fosslls for
a later presentadon.

I. Family Muwlidae (Gray) Thering, 1883,

The lasidium of Ihering as the glochidial stage
of the Mutelidae has not been found sgain since
i discovery. Thus it rernains questionable, If
it shonld reslly exist, it would mean that this
early stage of the mutelids has already gone
tirough a far-reaching special development and
reduction. It could possibly he identical with
the original larval stage of the Naiades. Rather
we are dealing with & form which presupposes
the closing of the animal in a cylindrical shell
which is approached in many cases in the mute~
lids today. In the concept of the family, I agree
with v, Ihering and set aside the Hyriinae of Ort~
mann as being totally heterogeneous. On the
other hand, I include the primitive sculptureless
forms of Australia, o
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The grester number of today’s muselids have
become hingelesz. There sxill remain, howeves,
several groups in Awsualia snd India which re-
tein the lemeilar hinge thae was originally cha-
Facreriste of all mutelids. Individusl special
daveloprnents, such 2s the apparently wxodont
hinge of the Iridininse snd the development of-
the Bartderdinue and Biwerilinae {which fs gimi~
lar wo thet of the oyster), can be explained by
dpocial sdeprations during the infinitely long
span of dme of their existence. The definition
of the family, therefore, has o be very broad:

- Naisdes, ariginally with no scalpture but
later developing a puncuform sculpure, o dog~
ble arche reaching from the anterior to the pos-
terior margin with the dp at the umbone. Ori~
ginally there was & lamellar hinge (left shell
with two cardinal teeth and two lateral teeth;
right shell with one cardinal and one lateral
twoth), which leter became eompletely reduced,
it iz often closed off by a wisngular to hook
formed ligamental indentstion at the poswriog
margin. Anawmically there {5 4 oend toward
eiphion formation of the ansl and supra-anal
openings, wward the fusion of the lower mante
marging, and wward the fomation of & mush-
reom-shaped clinging foot,

Disutbution today: South America to southern
Middle Americe, Africe south of the Sahars, In-
dia, Australis, New Guines, and New Zealand.

A. South American Developmentisl Series

1. Subfarntly Prisodontinee n. subfem.

Type species: Prisodon syrmatopho-
tus van Meuschen, 1781. Last remnant of ozi-
ginally fully-toothed matelids of South America.
Hinge conslsting of weth, uinbone fculpture
missing, Diswiburion: High land of Guiana (Az-
ehiguigna v. lhering) 1o the Amazon River.
$ingle genue: Prisodon Schumacher, 1807.

%. Subfamily Monocondylaeinge n. subfam.
Type species: Monocondylaea para~-
guayana Orbigoy, 1835, Umbone sculpure
missing, hinge lergely reduced in two phages,
The first with & hinge plate sdll present and
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with teeth on 1op.  The second s withont a kinge
plate, with the reath seemningly coming from e
shell margin, Lateral wed have complewly dig-

. Bppesred; on the left & cardingl wooth i3 snl) pres

sant.
This group includes the geaera: 1. Phase:

“Eheringella Pilshry, 1893, Marahalliel-

Ia Hase, I001; Diplodonticas Marshail,
1922; Temuislla Hass, 1931, 2, Phase:

- Monocondylaea Orb., 1838, Fossula Lee,

1870. Diswribution; Tropical $outk America east
of the Andes.

3. Subfamily Glabarinze n. subfam.

Type specien: Glabarus exoticus La-
marck, 1818 {=G1, trapesialis Lam., 18195,
Ancdontine development without hinge testh,
however with hinge plate sil} retained and -
angular 1o hook-formed, Mgamentsl indentation.

- Mother-of-pear! white, biuith to red, The de-

valopment i parallel wo the African Aspatharii-
nae. -

Thid group includes the genera: Glabarie
Gray, 1847, with the ipzeled groupe mortoni-
anus Lea, 1834, patagonicus Lam., iBig,
trigonus Splx, 1827, wepesialis Lam, .
1819, and Leils Gray, 1840.

I find myself forced to wse the generie name
Glabrr{s Gray which hes been re-innoduced
by Stmpeon { 19003 for the species groups which I
have mentvoned since the name Anodonti tes
refers to another species groug which iz consider~
ably further advanced in their ancdontine chan-
ge. thus probably having begun o change much
eariisr. :

Diswibution: Tropleal South America and
southern Centrpl America,

4. Subfamily Ancdonuinnee n. subfam,

Type specien: Ansdontizes crizspaius
Bruguidre, 1792. Umbone sculpiure missing.
The shell s elongate 1o knife~formed. Hinge-
plate aimont dissppesred, YHpamental indenta-
tion hook-formed, Mother-of-pear blue-gray
to blue-grean, The shell tcuipmre appesring in
wopical forms, and called “festoons™ is not sven
useful 82 2 species characweristic,
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This group includes the genuss Anodon-«
tites Breg.. 1792, with the species groups
crispatus Brug., 1792, and tenebrico-
sus Lea, 1843, o

Disribution: Tropical South Armerica.

5. Subfamily Bardettiipae n. subfam.

Type species: Bartletria stefaninii
Moricand. Oyster-shaped wansformations of the
Anodontitinae having pointed ligamental inden~
tation hooks. They have s broad hinge plate
and blue-green mother~of-pearl. Found living
in the limestone debris below falls(Bartlett-
ia) or attached to the sand bottom of rivers -
{Acostasa).

This group includes the genera: Acostaea

8. Subfamily Mycetopodinze n. subfam.

Type species; Mycetopoda siliquosa
Spix, 1827. Umbone sculpure missing. Hinge-
plate complewely disappeared. Ligamental in-
dentation long and flat. Mother-of-pearl blu-

ich, Shell at the posterior margin gaping. “Suck~’

ing foot” well formed.
into this group: Lamproscapha Swalnson,

1840; My cetopoda Orbigny, 1835; Myce~. "

topodella Marshall, 1927,
Distribution: Tropics South to Cenuwal Amer-

tca. Known as a fossil since the Triassic from - "

North America.
B. African Developmental Series

7. Subfamily Pseudaviculinae n. subfam.

Type species: Pseudavicule johnstoni
Smith, 1893. Hinge with complete lamellae,
umbone sculpture miging. A parallel 1o Pri-
scdon. Into this group: Pseudavicula
Simpson, 1800, Lake Mweru.

8. Subfamily Spathopsinae n. subfam.
Type tpecies: Spathopuis wehlber gl

Krauss, 1848. Elongate oval to rectangular spe~ -

cies with hinge plate lacking teeth. Umboane

“‘domulleria Anthony, 1907, in South India. " '~
sculpture single points. Mother-of-pearl reddish-" Lo e
orenge. Ligamental indentation hook formed..
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Into this group: Spathopsis Simpson, 1800
in Africa and with one species in the Guiana re-
gion of Scuth America.

8. Subfamily Iridininae n. subfam.

Type species: Iridina exotics Lamarck,
1819. Continuation of development of the Spa-
thopsinse by the re-inwoduction of an apparent-
Iy taxodont hinge; originated in the great Afri-
can takes by grooving of the hinge plate. Point
sculpture barely indicated. :

Inte this group: Irfdina Lam,, 1819; Ple-
iodon Conrad, 1834; Cameronia Bourg.,

. 1879; a fomil species (upper Cretaceous or lower

Eocene)} in the state of S$3c Paule, Brazil; other-

" wise in Tropical Africa in the Tanganyika, Tschad,
Orbigny, 1835; Bartlettia H. Adams, 1870. -

and West African rivers.

10. Subfamily Aspathariinae n. subfam.

Type species: Aspatharia rugata Dun~
ker, 1848, (sAsp., camernnensis Ortm. &
Walker). Short oval to elongate species with
wiangular ligamental indentation, hinge plate
present, but without teeth. Mother-of-pearl

. white to bluish and red, Umbone sculpuure
. double arches which meet below the umbone in ©°

an obtuse angle. Represents the South American
Glabarinae and, in part, the Anodontitinae.

Into this group: Aspathsria Bourg., 1885,
with pfeifferiana Bernardin; rubens Lam.;

"Leptospatha Roch. and Germain, 1904; A~
*thropteron Rochebrune, 1904, in which the

Asp. petersi Martens forms a closex analog

- to the Anocdontinae,

Distribution: Tropical Africa.

©11. Subfamily Etheriinae n. subfam. <R

Type species; Etheria elliptica La~
marck, 1807. Development similar to thatof ~~
oysters with a hinge plgte and ligamental inden-

*tation; probably evolved from the Aspathariinse
“of the rubens Lam, group.

1nto this group: Etheria Lam., 1807, in
Tropical Africa and Noeth Madagescar; Psen-
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12, sublarmily Murelinge Ortmann, 1211,

Type species: Mutela dubia Gmelin,
1191, In conwmast to Orumann, [ am limidng
the subfamily to te African relatives of Mu-
telas dubia Gm.

Elongate thin-shelled forms; anaiogous to the
Mycetopodinae; shell gaping at bath ends.
Mother~of-pegr! bluish. No umbonc sculpture;
siphon development and probably clinging foot.

into this group: Mutels Scopoli, 1777,
Chelidonopsis Ancey, 1887; Pscudospa~
tha Simpson, 1900; Brazzaes Bourg.; Mone
cetia Bourg., 1885.

Disuibwiion: Tropical Africa.

C. INDIAN Developmcntal Series

13. Subfainily Diplasminge n, sabfam.

Type specics: Diplasma vitrea Raf,
{#Nodularia olivaria Lea and author).

Small forms with & glossy shell structure,
without sculpwre, and with weak Unlonid weth,
A remnant of a very old devclopmental step,
which i& represented in North America by Tri-
gonodinae. Probably they are vary'close to the
forerunner of the Unionidae.

Into this group; Diplasme Raf,, 1831,
in Assam, Esst India.

D. Auvsualien Developmental Serics

14, Subfamily Velesunioninae lredale, 1924,

Type Species: Velesunio balonnensia
Conged, 1850, Umbone and shell smooth, Hin-
ge completely lamellident, n psrt in the pro«
cess of changing to the Unlonid hinge. Umbone
seldom “seemingly angled” (in Hydrunio).

Into this groupr Velesunio Iredale, 1934,
Westzalunic lredale, 1934; Centralhy-
ria Iredale, 1934; Hyridunio Iredale, 1934
Alathyria Iredsle, 1834,

Diswibuton: Austwelis, New Guinea, New
Zealand,

This subfemily, or rather iw geclogic fore~
runners, has become the origin of all develop-
mensal jerfes in the Indo-Pacific region. Also
i forms today have not gone along with the
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Atlantic series in their development to the ano-
dontine form possibly as a result of the increas-
ingly dryer condition of Awuslia,

15. Subfamily Lortellinae Iredale, 1934,

Type species: Lortiella rugata Sowere
by, 1868, Elongate species, a younger perallel
geries 1o the Mycetopodinae and Mutelinge. In
the oldest stages there ig still a tamellar hinge,
which later becomes rudimentary. Parvally de-
veloped digging foot. Sculpture {in Solens-
ia} "weak concentric double arches,

Into this group: Lortiella lIredale, 1934;
Solenaia Conrad, 1868,

iI. Family Elliptionidae n. fam.,

" Stardng with the South American forerunners
of today’s murelids e elliptionids developed in

North America at the latest since the Triassic.

They have always remained limited to North
America, The oldest known forms have an oval
outline and no scuiprure, They were followed
by oval forms with a unionid hinge, the unionid-
like forms immediately followed by quadruline
forms, a# a sideline a group with partially or
totally reduced hinge, and, finally, as the high-
est developmental stage, the Lampsitinae with
specialized marsupium. The primitiveness of
the whole group is demonsirated by the umbonal
sculpture which goes directly back to the aspa-
tharid sculpuure, as well as by the hookless glo-
chidium which makes impossible a psrasitic ju-
venile stage on the fishes. Az a timewise and
biological analog can be considered the family
Margeritiferidae from the Indopacific develop-
mental series, The definition of the family is
23 follows:

Naiades of North America with a complete to
missing hinge, the umbone sculpture, a3 a rule,
Hmited to the two inside arches whoge posterior
arch megts the anterior arch in an obtuse angle.
The posterior arch can have, through a2 swong
upward sweep, the chargcter of a hook (Alaami~
donrinag) o may, through & downward curve
and an increase i thickness, form shell sculp~
uwe (Ambleminse}. In the Lampsilinae, which
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gre cracasos xaod Dy goapesial beoed ehamber in
w:t of the curer gills, the sonlprare
is the moest primitve, being similar to that of
the Africen Aipatharia. The ghell swriace
often has radial green stripes (also inheried from
the Mutolidae)., Glochidium without hooks,

18, Subfamily Trigonodinge n. aubfam,

Type species: Trigonodus sandbergeri
v, Alberth, 1564, Shell short oval to short i~
angular, umbone withour sculptire. Hinge uni-
onid.

Into this groupr Trigonodus v, Alberd,
1B864; & series of so-called “Unio” species from
the Trissoic of southwest U, §. A, (cristonen~
gis Meek; gallinensis Meek) which, for
the first dme, van der Schalie has placed in an
equal footing with Trigonodus of he east-
sipine Trisssic.

1%, Subfarnily Plevrobeminae n. subfam.

Type species: Pleurobema mytiloides
Rafinesque {=Unio clavus auct.)

Primitive formg with shortened oval to qua-
drate shell, umbone sculpture hardly noticeable
€I only saw anterior end hooks in P, mytiloi~
desd and & unionid hinge ofwen of the thickened
type. The type species iwelf is & specisl devel-
opment with the umbone in & forward position.
At times the ghell sculprure occws in & central
row of knobs (Plethobasid,

Into iz groupe Pleuvrobema Raf., 1B20;
Lexiangionia Ormsnn, 1914 Plethoba-
gig Sumpaon, 18C0; Pleuronala Friemon,
1927, Fusconaia Simpson, 1800; Obli-
quata Frierson, 1927.

Disibnrion: Nordh Americs, west of the
Roclky Mountaina, south probsbly to Central
America.

18. Subfamily Alssmidontnge Frierson, 1927,
Type species; Alasmidonte undulata
Say, 1817, Following Trigonodinae and Plew-
robeiminge, this group has begun very early with
the reduction of e hinge eeth, Ag first the
lower lemells dissppeared (HI} and in i plece
there occured s thickening of the posterior
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Do e e e of
ser tamells dmapperred
The further development led o
the complets loss of the binge or the remaining
of only & wegkened posierior carding!l woth (Stro-
phitusg), The sculpure 18 very uniform, shott,
flay, double arches, often prowuding and, &8
often, with s gtrong upward arch at the end which
can alinost sppesr o be a rpdipl sculprore,

Into this groupr Alasmidonta Say, 1818;
Prolasmidonta Oremann, 1914, Ballelle
Simpeon, 1000; Pressodonta Simpeon, 1900;
Suleuwlaria Raf., 183} Lasmigona Raf,,
183%; Prerosyna Raf., 1831; Plavynaias
Walker, 1918, Decurambis Raf., 1831
Arcidens Simpeon, 1900; Arkansis Ori-
mann and Walker, 1912, Pegias Simpeon,
1900; Strophitus Raf,, 1B20; Preudodon~
toideus Frierson, 1927; fugosus Simpion,
1914; Simpsontconcha Frieson, 1927,
Hemigrena Raf,, 1820, Ancdontwoides
Simpson, 1888,

WHICT for I8 pErt
the lamells IH.
completely,

The upg

19. Subfamily Elliptioninae n. subfam.

Type species: Eltiptic niger Raf., 1820
{= U, crassidene anci.}). Unionid-like form
which developed in North America, Umbone
sculpture conaisting of very flar double arches
which scarcely arch ap in the middle. Clinging
muacles present at the posterior cardinal woth.
Found in North America at least since lower Cre-
teceous, Thare gre several specisl developments
in the gouthern stares and in Central America,

In this group: Elliprio Raf., 1819, Ellip-
toideus Frierson, 192%; Unfiomerus Conrad,
1853; Nephronaias Crosse and Fischer, 1883
?Sphenonaias (r. & Fisch., 1803; ?Pachy-
nalag Cr. & Figch., 1833; ?Reticulatus
Friemon, 1927; Popenaias Frierson, 1827;

? Marvtensnaiasg Fricwon, 1827; Micrena-
ias Simpscn, 1900; ?Canthyria Swaingon,
1840, Plesielliptio Russell, 1024; Protel~
liptio Rusell, 1834;Barynaias Cr. and F,
1883; Psoronaias Cr. snd Flsch., 1883,
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20. Subfumily Amblerninse n. subfam.

Type species: Amblema plicata (Say,
1817). A further development of the Ellipuo-
nids in e lower Crewsceous o srongly soulp-
ured quadruline forms with an elongation and
enlargement of the pogierior arch of the normal
Elllptiondd sculprre scrome the whole ghell,

In thie group: Amblema Raf., 1818, Lo-
xopleurug Meak, 18710, Pleciomerue
Corzsd, 1831,

Distribution: Noeth Ametics between the Al-
leghany and Rocky Mounwing, south to Cenual
America.

21. Subfamily Lempsilinge Oremann, 1912,

Type tpecies: Lampeilis ovatus Say,
1814, Simdlar in development of the shell 1w
different groups of the Ellipronids. As the forny
polnt out, they have in common the unigue H-
mitation of the marsuplom 1o the pesrerior pare
of the outermost gill and the differendadon of
the sheil in both sexes, The rounded interden-
tarn 18 congldered 1o be & further charscreriste.
Concerning the sculpture see above. Known in
North Americs since the Cretceow, common
since the upper Cretsceous.

Into this group: Piychobrenchus Simp-
son, 1900; Subesnrus Fleson, 1927 Obli-
quaris Ref., 1820; Cyprogenia Agasmiz,
1852; Dromus Simpeon, L900; Friersonia
Orun,, 1912; Lampeilis Raf., 3820, Ligu«
mia Bwainson, 1840; Orimannisns Prie-
kon, 1927; Villosa Priemon, 1937, Venus-
teconcha Friers., 1997 Leproden Haf.,
1820; Disconaias Cr. & Flach,, 1893;
Proprers Ref., 1219 Carunculina Simps.,
1898; Truamcilia Ref,, 1819, Plagiole Raf,,
1818; Obovaria Ref., 1819 FPseudoon
Simype., 1800; Glebule Conr., 1853 Aroe
topaias Murens, 1000 7. Medionidug
Simps., 1800; Lemiox Raf, 1831, Dysno-
mie Agasmiz, 1832 with Penite PFries,,
i92T; Torulors Priews., 1897; Cepize-
formis Friems.. 1997 Plles Bimnpe. , 1900;
Epitoblesma Rsef,, M3L; Actinonalas,
Belphinonsizs, Cyrionsbas Cr. & Fisch.,
1883; Friersonie (wum.
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il Famn, Margeritiferidae Ovumany 1911,

The family of the Margaritenidse is {2 | see
It bere, in conuast w Orunan's view) Very éne
lprged. Ortmann®s view concerned only the
closer group of the Margaritanidse. The sppare
ently old gnd primidve swucture of the body and
tspecielly of the gills caused him to separste
themn, However, more groups exist for which
the game holds zue., Perhaps we may see in it
body struc wre reglly an older stage of the origi-
nial Mutelid group, even if Margaritifera
hay broughe forth here seversl specisl develope
menm. In any case, the Margariisnidae are
very old. Nevertheless, today’s diswribution is
of fairly recent origin, Perhgps we may conclude
from this thy - undl thelr ime of spresd they had
been Umired 1o the izolated Auswalisn condnent
where is most primitive group (o which fredale
has given the name Cucumerunioninee) is still
found todgy. Atlesstsince the upper Cratace=
ous, and poseibly esrlier, acdve spread sarted,
The subirrnily of the Heudeaninae seems to have
cote up o Ewope in the Upper Cretsceows, To-
dgy. however, it is limited to southenar Asia,
The Margeritiferinae had also come as fer as
North America by the beginning of the Tertiary
and have, ar least since Oligocene, become sn
imporiant part of the Ewopsan Fauna. As are-
sult of it last Pliocene migradon, Marx g
margerivifers L. hss become circumpolar.
The Margaritiferinse already showed a tendency
toward & reduction of the lamelisr weth. This
wai the caee w & great degree in the Preudodon-
tinge which are mainly found today in Southesst
Azis but which have come in the course of their
migrations in the Pilocene and Miocene up 10
Europe and western North America where they
seill coour today. Their teeth, with the sxcep-
don of one cardingl tooth in each shell, have
dizappeared.

The disgnosis of the Family is as follows:
Primitive Malades with crude gill swucture; shell
with complete unionid hinge having a continua-
ton of reducton of the lamellae oward their
toral disgppesrance; cardinal teath {n & single
group {Feeudodontinaey alio in the process of
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reduction; umbone sculpture conelsdng of two
gmall curved nodules which are not connected
in the center and with a tendency toward the
formation of an extensive folding sculpture
which extends from the dorsal margin cut over
the shell,

Diswibution: All north continen®s and Aus-
tralia,

%2. Subfam. Cucumerunioninae Iredale, 1934,
Type species; Cucumerunio novahol-
landiae Gray, 1834, Elongate specles with

. complew hinge which demonstrates the inidasl

stage of lamellar reduction. A distinct shell
sculpture with pardally regular - partially irre-
gular systems of folds which extend from the
dorsal margin over the disc of the shell.

Dismibution: Australla; New Guinea, and
New Zealand.

Into this groupr Cucumerunio kredale,
1934; Virgus Simpeon, 1900,

23. Subfam, Heudeaninge n. subfam.

Type species: Heudeans murinum
Heode, 1883, Shell elongated rsctangulacly;
hinge completwe, unionid; sculpture consisting

. of an anterfor arch and 2 posterior podule; the

doesal fold sculpture of the other Margaritani-
dae also occurs in this group,

Diswibutdon: Bomeo, South China. In the
upper Cretaceous as far ag Europe.

Inw this groupe Heudesna Frisrson, 19232;
Schepmannia Hass, 1810; Ctenodesina
Simpon, 1960,

24, Subfam. Margaridieringe n. subfam.

Type species: Margaritifers margari-
tifera L. Shell large, swong, with complew
unionid hinge. In several spacies the hinge be-
comes reduced with {ncreasing age through the
shell materlal wading o grow over the lamsl-
lar weeth. In others the lamellar teeth disappesr
completsly, Sculpture: 2 small hooked nodules
set very close together {touchingd. In addidon,
at vimes numnerows dorsal folds accompanied by

. shell sculprure. :

Diswibudon: Ewrope, Esst Asia, North Ame-
rica. .
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Into this group: Margsritifera Schuma.
cher, 1816; Margaritanopeis Hass, 1612
Cumberlandia Orimann, 1912; Piycho-
rhynchus Smpson, 1800. This group defi-
nitely contains those which occwr in calciuwm-
poor water and those in calelurn-rich waters.

I have already mentoned above their diswiby~
ton and wanderings in the Ewapean Tertiaty.

25, Subfam. Preudodontinae Frierson, 1927,
Type species: Pseudodon inoscularis
Gould, 1844, Shell long to short oval, hinge
reduced to cardinal teeth and these definitely
very much worn off, button-form, and has a

. tendency toward a decrease to one in each shell,
- Sculpture has wezk double arches, neither of

which have an up or a down arch.

Distmibution: Adriatic region, Syria, Meso-
potamia, East Asia from jepan to jeva, Pacific
coast of U, 8. A, , center in back India.

Into this groux Preundodon Gould, 1844;
Monodontina Conrad, 1853; Nesus Simp-
son, 1900; Cosmopseudodon Hass, 1920;
Obovalis Simpeon, 1800 in Asia; Pseudo-
dontopsis Kobelt 1812; Leguminaia
Conrad, 1865; Microcondylaea v, Vest,

. 1866 in Europe; Leptanodonta Wenz, 1627

in the Pliocene of Rumania; Gonidea Conr.,
1857 in California.

The group is especially interesting becsuse
of it Tertlary migrarions,

. 1V. Family Unionidae (Adams) Iherdng, 1883,

Contzary 1o the opinlon of lhering I have w-~
ken the geners Margaritane and Peeudo~
don out of thie group and put them in the Mar-
garitiferidse,

Most of the Naiades living today belong to
the Family Unlonidae.

- Their independent development muost bave be-
gun very early. I have already mentdoned above
the difficuity of determining their direct derfva~
gdon. Itisbased largely on the fact that even
today more and mere varlable connectng lines
to forerunners can be established for the Unions~
dae than for any other family.
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A. Parreysia

The umbone sculpture necessitates the sub-
division of the farnily into two separate series
which, however, are very close to each other
in their origin. 8o it is not surpriging that the
individual charactetiatics of one series occur
individually or as generic characteristics in oth-
er series,

The older developmental seriez (I shall call
them the Parreysiads in the following) has, a: a
special characteristic, an unusual sculpture con~
sisting of an upward arch and dorsal folds. Both
arches in the middle go down in toward the cen-
ter and meet in an acute angle, In this way the
arches wansect each other and form a complica-~
ted zig-zag sculpture ( V-sculpture}. We must
consider the Indian Parreysiinae as the oldest
form which is left to us. As early as the Trias~
sic they occur in North America, while in east
Asia, the Parreysiinae continued to develop in-
to quadruline forms and thereby lose the old V
sculpture in favor of the more modern double
arch of the unionids. At the same time the-
American Parreysiinae continued their develop-
ment in the old land locked lakes of the Rocky
Mountains of today in the same direction and
developed the wue Quadrulinae which, in many
cases, have the whole scuipture on the shell.

An additional series comes from ihe oldest North
American Parreysiinae and reaches an extensive
disuribution in South America as the Hyriinae,
keeping the odginal sculpture. The last group,
the Propehyridellinae, have remained in Aus-
tralia as several relic populations,

Diagnosis of the Parreysia in the broad sense:
Shell mostly shortened high quadratically to
high tiangulacly, Quadruline, hinge swength-
ened often with heavy cardinal teeth., The
gculpture consists of an upward curviag arch,
and wo middle arches which have united into a
V, and dorsal folds. In the higher developrmen-
tal stages there {3 a double V in place of the
single V, or double arches of the Unioninae.

28, Hyriinae Ortmann, 1911,
Type species; Hyria corrugata Lamarck,
1818, Naiades of America with definite V-sculp~
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ture, unionid hinge structure with a tendency
toward splitting into partial teeth; variable out-
line.

Into this group: Diplodon Spix, 1827; Cy-
clomya Simpson, 1900; Bulloideus Simp-
son, 1900; Castalia Lamarck, 1819, Cal~
lonaia Simpson, 1900; Castatina lhering,
1891; Castaliella Simpson, 1900; Hyria
Lamarck, 1819; fossl genera: Antediplodon
Marshall, 1929; Prodiplodon Marshall, 1928,
Eodiplodon Marshall, 1928; Equadoria
Marshall and Bowles, 1932; Castalioides
Marshall, 1934,

In North America it is known in the Triassic
and again in the Pliocene; in South America it
is known as a fossil since Pliccene, and is re-
cently Hmited to South America,

27. Subfam. Propehyridellinae Iredale, 1934.

Type species: Propehyridella nepean-
ensis Conrad, 1850. The shell is unionid,
hinge complete, having a V-sculpture from
which develop the shell folds,

Into this group: Propehyridells Coron
and Gabriel, 1932; Protohyridella Cotton
and Gabriel, 1832,

Isolated at least since Upper Cretaceow in
Australia. ltseems to me that in the case of
Naiades that Ihering's hypothesis of the connec-
ton of his Archiplata with Ausalia cannot be
proven,

28, Subfam. Parteysiinae n. subfam.

Type species: Parreysia corrugata
M ueller, 1774, Shell short oval to high wian-
gular; V-sculpture with upward growing arch, at
times areal folds. In several cases the sculp-
ture covers the whole shell. In the continuing
development there is a change to unionid sculp-
ture,

Into this group: Parreysia Conrad, 1853;
Radiatula Simpson, 1900; Unionella Haas,
1912; Acuricosts Simpron, 1800; Pseudo~
baphia Simpson, 1900; Protunio Haas,
1812; Chrysopseudodon Haas, 1920; Schis-
todesmus Simpson, 1900,

- s
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Distibution from southern India to northern
China, in the Pliocene to Siberia.

Chrysopseudodon Haasl have placed
into this group because of the characteristics of
it sculptute and in spite of the reduced hinge.

99. Subfam. Lamprotulinae n. subfam.

Type species: Lamprotule nodulosa
Wood 1875. Shell unionid to quadruline. Sculp~
twre double V to angular double arches with an
upward and a downward bow. The beginning
arch and the radial folds often pass over the
whole shell and disintegrate into rows of no-
dules. Hinge completely unionid to thick.

Into this group: Lamprotula Stmpson,
1900, (syn. Gibbosula Simpson, 1800},
tnversidens Haas, 1811, Psilunio Sabba
Stefanescu, 1896; Discomya Simpson, 1900.

Dismribution: Southeastern and Southwestern
Europe, Southern Asta, Morocco o Tunis, East
Asia from Japan to Tonkin, Bornzo. Known ag
a fossil since the Eocene in Europe and as 2 Ter-
tiary developmental series in the Pliocene of
Southeast Europe, Siberia, and China.

30, Subfam. Quadrulinae Haes, 1926.

Shell highly quadratic 1o high uiangular,
originally had V-sculpwse, which later was
wansferred to the shell, and, in many cases,
today jeaves the umbone free of sculpmre. The
beginning arch and dorsal folds are still found in
youthful specimens of richly sculptured species.
The hinge is enlarged (swong) to thick, and gqua-
druline.

Type species: Quadrula quadrula Rafi-
nesque, 1820.

lnto this group: Quadrula Raf., 1820,
Tritogonia Agasiz 1852; Pus tulosa Fri-
erson, 1927; Quincuncina Orumana, 1922
Luteacarnea Friergon, 1927, Orthony-
mus Agasiz, 1862; Cyclonaias Pllsbry,
1822; Puchynaias Crosse and Fischer, 1893;
Rotundaria Raf., 1820; Megalonaias
Utterback, 1918; Psorula Haas, 1829,

Fossil genus: Proparreysia Pilsbry, Up-
per Cretaceous.

Represented since the Triassic in North
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America by the Proparreysia which are re-
lated and directly coanscred to the Parreye-
ja. The change in the course of the Jurassic
and Cretaceous is to the present forma, each of .
which goes back to a certain old leke region of
the Rocky Mountain zone. Today's diswribudom
North America east of the Rockies south to Mid-
die America.

B. Unionen

This second modern main group of the Unio-
nidae also begins with a V-shaped sculpture with
an upward arch and domsal areal folds present in
its first representatives. This sculpture, how-
ever, is soon replaced by a double V, thatis, a
double arched sculpture which is formed by &
crossing of the V-arches, Thus the sculpure of
the older forms is somewhat angular and the
rounded sculprures of the younger forms are
formed only later by the wearing off of the
former. The shell is tong oval to short oval,
seldom changed 1o a quadruline form. The
hinge is always complete with shoriened cardi-
nal eeth. The disuibution today reaches over
all of Africa, Ewope, and Asia.

31. Subfam. Lamellidentinae n. subfam,

Type species: Lemellidens margina-
1is Lamarck, 1819, Shcll elongated, unionid
hinge, lamellifcrm laterals with a tendency to-
ward the shortening of the cardinal teeth. Um-
bone sculpwre very weak, V-formed.

Into this group: Lamellidens Simpson,
1900,

Distribusions India and Burma.

32. Subfam. Hyriopsinae n. subfam.

Type speciex Hyriopsis delphinus
Gruner, 1841. The development starts from the
thin-shelled forms with lamellar teeth, which
are closcly related © the original Rectidentines
and Comradentines, The sculpmre is hardly no-
tceable. The first ones, which have a simple
double arched sculpmre, are the large and, in
many cases, thick-shelled forms which developed
from the former two groups. A special develop-
ment has resulted in the loss of the cardinal teeth
totally..
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Into this groupr Hyriopsiz Conrad, 1853;
Lamproscaphsa Lindholm, 1932, Arcona-
ta Comnrad, 386h; Lepidodesma Simpson,
1898, Chamberlainia Simpson, 1500;
Cristaria Schumacher, 1817,

Pismiburion: Eagr Asia from the Amur to Ma-
lakka, Borneo, and Sumatra. Fossil in the Mio-
cene and Pliocene of middle and east Europe and
in Siberia.

33. Subfam. Cafferiinae n. subfam.

Type species: Cafferiz caffra Kraus,
1848, Musse]l of the unionid type. Hinge teeth
unionid, and powerful, umbone sculpture con-
sisting of an anterior arch and a posterior sharply
poined wiangle,

Into this group: Cafferia Simpson, 18500.

Diswribution: South Africa.

This group, standing somewhat isolated, has
i nearest relatives in the Contradentinae of
Southeasr Asia.

34. Subfam. Rectldentinae n. subfam,

Type species: Rectidens orientalis
Lea, 1840, Shell long-ligulate to loag-ellip-
tical. Originally with lamellar hinge which, in
most groups, disappeared very early. Umbone
sculpture flay double arches without an upward
or a downward arch, 2t times 8 double V with a
long up and down arch.

Into thiz group: Rectidens Simpson, 1900;
Pilsbryoconcha Simmon, 1900; Pseudo-~
donta Bourg., 1876; Lastena Raf,, 1820;
Physunio Simpon, 1909; Ensidens Frier-
gon, 1811; Pyganodon Crosse and Fischer,
1893,

Biswibution: North Europe, Southeast Asia,
Noith America cast of the Bockies. This sub-
family makes up a large part of the Anodontine
Naiades of the Norih Continents,

35. Subfam. Conwadentinae n, subfam.

Type species: Contradens contradens
Lea, 1848. Shell short 1o long ovel, umbone
sculpture comigting of double hooks, often lar~
gely dissolved and reaching far into the sheil.
Teedh regularly lamellar form, the cardinal
teeth are seldom shorrened as in the unionids.
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Into this group: Contradens Haag, 1913,
Sprickis n. subgen.; Pressidens MHaas,
1914 Simpronella Cockerell, 1203, PCau-
dicularus Shmpson, 19640,

Digmibution: Philippines, fava, Sumatrs,
Borneo, back parr of India, possibly reaching
into Middle China.

Caudiculatas Simpson is still doubtful
to me even after a close smdy of the Berlin
types. The preservarion of the sculpure is not
good enough for a sure grouping into the clas-
sification. 1 am pssuming at present thar I am
dealing with a reduced Contradens sculpure.

Subgen. Sprickia n. subgen. I am pro-
posing a& a new pame for the definite lake spe-
cles, which are characwerized as are Sprickia
verbeeki von Martens and Sprickia rus-
ticus Lea by the possession of an expanded
shell sculprure with crogswise ridged folds.

Type species: Contradens (Sprickia)
verbeeki von Martens. :

Distibution: Singkarak Lake, Sumatra; Lake
Tonle- Sap, Cambodia.

The new subgen. is dedicated to Mr. §.
Sprick-Swmalsund previously Oels, in grateful re-
cognition for his many years of asgistance in rhe
field of the Naiades.,

36. Subfam. Anodontinae Ormnann, 1930,

Conwary to the opinion of Orumann the group
is limited 1o a few species which belong twogether
{4s seen}) on the basis of their sculpwre. The
original lameilar hinge has disappeared com-
pletely in most cases. The sculpiure consists of
double arches which may contain an upward arch
and & downward arch.

Type speciess Anodonta cygnea L.,
1758,

Dispibution: All of Euvrope, western part of
North Africa, North and East Asia, ig missing in
Indiz and the largest pert of the back part of In-~
dia, North America south to Mexico, Known &8
a fosil since the Eocene.

Into this group Anodonta Lamarck, 1799;
Pletholophus Simpson, 1900; Haasiells
Lindholm, 1925; Preranodon Fischer, 1893,
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37. Subfam. Caelaturinae n. subfem.

Type species: Caelatura negyptiaca
Caillzud, 1827, Shell usually small, short
long oval, teeth lamellident with many changes
to the unionid hinge. Umbone sculpture a
double V with uvpward arches and dorsal folds.

Dismibution: Tropical Africa between Sahara
and Kalahari, Nile. '

This subfemily has a long independent devel-
opment behind {1, which places it somewhat a-
side of the related groups such as Cafferiinae and
Nannonaiinae.

Into this groups Gaelatura Conrad, 18%5;
Mweruella, Kistinala, Rhytidonatia,
Kalliphenga, sll Hpas, 1936; Grandidi-
eria Bourg., 1855; Zairia Rochebrune,
1886; Laevirostris Simpson, 1900; Mes~
afra, Afroparreysia, Nyassunio Haas,
1936. '

38, Subfam. Nannonaiinge n. subfam.
' Type specles: Nannonaia caerulea Lea,
1831, Mostly small species with long o wngue-
shaped outline, Sculpture consisting originally
of an upward arch, a V-angle and dorsal folds
which is later changed to a double V-sculpture,
which is further ground down into & flat double
arched sgucture. Hinge unionid and, in indivi-
dual cases, reduced,

Into this group: Indonaia Prashad, 1918;
Nitia Pallary, 1824; Trapezoideus Simp-
son, 1800; Nannponsaia Haas, 1912.

Distribution: East Africa, Madagascar, Réu-
nion, all of India, South China, Borneo,

This subfamily which perhaps follows direct-
1y the Diplasminae i3 connected through conti-
nuouws wansitions with the following Unionse.
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3%. Subfam. Unioninse Ortmann, 1810,

Conwary to the opinfon of Ortnann, who
unites in this place all species groups with &
unicnid hinge, my undersiznding of this sub-
family iz that it is very limited.

Type species: Unlo tumidus Rew.,
1788, Shell long-oval to long-lingulate form,
Hinge with shortened cardinal teeth; umbone
sculpture with upward srch and dorsal folds,
two V V angles or double arches in the middle.

Into this group: Scabies Hass, 1911; U-
nio Retz., 1788; Rhombuniopsis Haas,
1920; Oxynaia Hass, 1912; Cuneopeie
Simpeon, 1600; Lanceolaris Conrad, 1853,

Dismibution: All of Burope, western part of
North Africa, East Asis to back part of India,
Fossil in Euwrope known from the Eocene, perhaps
going as far as the Jurassic,

1 know thar it was impossible to have hit the
right thing on the first attempt in all cases snd
would appreciste technical correcdons, 1t is
different in the case of questions concerning no-
menclature, especially in the North American
Naiades where, after Simpson®s divisiops were
not sufficient for these purposes, I had to go a-
tong completely with the uniform system of Fri-
erson in order to give a better pictwe. With
this however i also had to use Frierson’s concepn
of Rafinesque’s names completely, although 1
know that these concepw are not shated by many
North American researchers and are partally in
contrest to the data of Ortmann, Pilsbry, and
Walker.
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