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I. Introduction.

In a recent paper (1933c') I  ventured to suggest that the problem
of the evolution of the cephalopoda had to be restated. This may have
seemed unnecessary to some, considering the t'convincing evidence" of
which ScsucnnRT (1934, p. 394) speaks. Perhaps unwisely I also tabulatetl
my results in a form that I even then feared would only "invite cate-
gorical clenials" (p. a20). If such things coukl be proved, there would
have been no need for a restatement. TnrcHnnr (lg3b, p. 16), in fact,
acknowledged that the problem of the evolution of the cephalopoda re-
mained unsolved. Unfortunateiy, I also took rabher too much for granted,
especially an intimate acquaintance with the cephaloporl literature. But I
thought I had at least made it clear why I came to hold unorthodox
views. I was so to speak brought up on Hyarr. Twenty-five years
ago there was not a paper by Ilvlrr that I did not know, alrnost by
heart, and, of course, implicitly accepted, even if I occasionally (1918,
p. 167) and, I may add, unkintlly, criticisecl the systematics of his arn-
monite families. I erroneously zssrmed that other workers on cephalopoda
were equally familiar rvith Hvlrr's work. Bucr<uaN also, working on
I{yattian principles and popularising the "law of earlier inheritance', was
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are not olcl but new, that is to sa,y, that they have a prospective rather
than retrospective significance, I ma5r be excused for not being impressecl
by one-sidetl interpretation of ontogenetic evidence. If I can show how
unstable and unreiiable often are such internal features as the siphuncle
or the suture-line, then I urust be allowetl to use them with discretion,
however crude the emphasis on purely external, morphological characters
may be made to appear by those theorists who have pinned their faith
to one of these so-called internal features. If I can show the protoconch
of cephalopods to have no more systematic or phylogenetic significance
than the prodissoconch of pelecypods (embryonic development together
with the size antl characters of the original shell being probably similarly
influenced by the amount of yotk in the egg) t, and if I also find the
immediately post-embryonic stages of ammonoids too variable for phylo-
genetic purposes, then I am forced to rely on external resemblances in
the adolescent and adult shells. In reality it is not so difficult to select
the telling characters, whether they are internal or external, obvious or
subtle, ancl to utilise as many of them as possible, eveu if they include
differences in shape, amount of involution, intensity, proportion, arrange-
menb, tluration antl small details of ornamentation. But the amount of
time antl labour spent in the unearthing of sone obscure feature (that
eventually turns out to be entirely unreliable) is no criterion of its
greater vaiue for s;'stemrtic purposes as compared with some nrore ob-
vious character.

To make my meaning clearer: if it coutd be shown that two families
that produce homoeonorphs, like the lli ldoceraticlae (Graphoceratinae)
and the oppelidae (see Spa.rn: 1928, p.T4) are rlistinguishable by the
position of the siphuncle on the earliest whorls, I should glailly avail
myself of this feature, however laborious the investigation. Unfortunately
it has no practical value since, for example, in Lud,wi,gella the position
may Yary as much as in Li,ssocerrts, though in Ludwigella co?xcctuc(
(J. Sornrnnnv) 0r L. cornu (I3ucrcvrax) the siphuncle becomes ventral
rather earlier. Lihe the hollow keel, occasionally constant, anrl the
thickness of the siphuncle, also at one time considerecl to be a distinction
between "Ha,ryrcceras" and "Oppel'i,a", the position of the siphuncle in
the young has provetl to be useless for classificatory purposes, at least
in these famil ies, though i t  may conceivably help in others,0.g.Lyto-
ceratitls. Some clay, perhaps, an investigator nray find the clue to these
homoeomorphs, and show that I was wrong concerning the origin of the

1 f am greatly indebterl to }fr. H. Woops, F. R. S., for tlrarving my atteution
to this i ine of lesearch.
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even more problematical. Pour,spN's (1927, p. 150; L932, p. 32) recon-
struction of this equally doubtful genus (tlescribed as a cephalopotl and
referred to a new family Salterellidae) is possibly correct, yet it cannot
be saitl to help in the interpretation. tr'or neither the cone-in-cone
structure of the branching septa, nor the nature of the central column
make it probable that the minute shell was a hydrostatic apparatus.
But I was not really concerned with Salterella which I thought, as
interpretetl by Cllnn, was "possibly" identical with Volborthella, I
stated it was necessary to keep an open mind regarding the nature of
the latter genus and I merely wanted it left out of the discussion of
the phylogeny of the nautiloitls.

Regular septation and the possession of a siphuncle are tests gootl
enough to define any true cephalopott; until they are shown to exist inVol-
borthella it, cannot be callerl a cephalopotl and it is useless to speculate
whether the ''septal" funnels were ellipochoanitic or otherwise. There
are various other groups of animals in the Lower Palae ozoic that are
as yet incompletely known, some of them far bigger and more favour-
ably preserved than Volborthella. And if it is contendetl that in a
primitive form of cephalopod the shell was protective and ditl not yet
serve as a hydrostatic apparatus (ScruNDEwolF, L934c, p. 264), why
'worry about septation and siphuncle at all? Would not any tube tlo?
Twenty septa to the millimetre, inileerl, and yet Ur,nrcn and X'onnsrn
(1933) accept Volbctrtlzella as a cephalopod.

III. Phylogeny of the Nautiloidoa.

It is atlmitterl that cyrtocones (Plectronoceras) appear in the lJpper
Cambrian and that in the oldest (Ozarkian) fonnations known to have
truly representative cephalopoil faunas the shells are still mostly cyrto-
cones, compressed" and. bilaterally symmetrical. Gyrocones, Iike ortho-
cones, are rare at first and ophiocones are still later, as shown in my
table I (1933, p. a55). I am not suggesting anywhere that a nautili-
cone is the ancestral type; but considering that highly specialised coiled
shells existed alrearly in the 'fremadocian, and that the nautilids of the
Carboniferous and the Triassic are connected. with the earlier ophio-
cones by an unbroken series of coiled types, I concluded that both
orthocones and nautilicones were developed intlependently from the
primitive cyrtocone.

The recognition of a distinct coiled stock (Nautilidae) as opposetl
to the various straight stocks, persisting side by side through the same
beds and, apparently, connected with the first by so many transitional
cyrtocones and gyrocones, may be viewed with alarm by the s;'ste-
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cOne to nautilicone) which, however, is not a genetic series. The reader
may compare the careful wording I used (on p. a30) with ScsrNonr ro1,1.'s
version (p. 266) of my views with regard to secondary uncoiling. What I
most emphatically deny is that in numerous series within the Nautiloidea
there may be observed again and again a production of nautilicones
from originally straight types, i. e. that this is the ,,normal sequence
for eYery nautiloid lineage". I hold that the Nautilidae existed side
by side rvith the Endoceratidae and Orthoceratidae (in the widest senseo
both including many actinosiphonate and other offshoots) throughout
the Palaeozoic (see Table rr, p. ab\; and while r can show, for example
by the peculiarities of ornamentation or the presence of dorsal furrows
or of a hyponomic sinus, that Devonian and Carboniferous gyrocgnes
(and some cyrtocones and orthocones) have been derived from coilecl
nautilids, no one can demonstrate a corresponding series going in he
opposite direction.

ScsucnnRT (1934, p. 394) thinks that the chronological record does
not bear out my statement that 'no series from straight to coiled are
known but only such as go in the reverse direction, in Arautilo,i.dea as
in Ammono'id,ea', I tlo not know what he can have in mind, although the
earliest types (Plectronoceras) are as yet incompletely known. The fallacy
that I am out to expose is that l{auti,lus can be tracetl back througil
gyrocones and cyrtocones to Orthlcer&s or any simila,r straight ancestor
in the Lower Palaeozoic. I would not even call the primary sequence
from the ancestral capulicone or cyrtocone through C. lPlectronoceras)
cambria, war,corr ancl P. liaotungense, Koeayasnr to the Lower ca-
nadian Tarphiceratitls (see Table f, p. 455) a genetic series, because the
members of that group of forms, with unstable or variable curvature,
that produced the first coiled types could well have belonged to a single
species. That is to s&y, the more distinctly coiled varieties probably
were at first mere extremes in a homogeneous group of cyrto-gyrocones
and the result of a fortuitously increased curvature, not of a long con-
tinuetl tendency to closer and closer coiling. As an example of such
an original nautilid stock or species group with variable coiling f may
cite Cyrtend,oceras (?) pri,scum, RunonuawN (1906, p. 430), without, how_
ever' claiming that it is the ancestor of the Nautilida. F or not only
is it a contemporary of the more typically nautilid family Tarphycerati6ae,
but its siphuncle may prove to be against such a connection, although
this feature has been greatly over-rated by many. Again, the enrlocerati4
siphuncle of the true Cyrtendoceras or the oncoceraticl siphuncle of
R'ichardsonocero's clearly indicate that reliance on coiling alone is likely
to lead to wrong conclusions. To deny the possibility of a subsequent
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apex of the phragmocone is first an exogastric and then an endogastrie
cyrtocone. I am describing these forms of Conoteuth,is elsewhere, in
case r am told again that such belemnites .do not exist'.

while scsrNnpwor,F (1984 c, p. 26b) quite rightly, urged a certain
restraint in theorising about the earliest cephalopoda, Tucnl:nr (193b,
p.21) thought that even their 'unity and monophyletic descent' might
be seriously doubtetl. He consitlered the types with narrow siphuncles
(Orthoceras. I{autilus, etc.) to represent a line of development entirely
different from the llndoceratirls, Actinoceratids, etc., with wide siphuncles
(Eurysiphonata). This, however, seems to me a mere transfer of the'over-estimation' of one single character; insteacl of the form of the
septal necks, on which Hv.trt's classification was based, Tucunnr
favours the structure of the siphuncle itself, 0r, rather (since the siphuncle
is a membranous organ), of the siphuncular tube. 'l 'prcnnnr, more6ver,
admits that s0me forms of the first group (l{autiloidea in ,Inrcsnnr's
sense) may be able to develop features of the siphuncle which resemble
those known in Actinoceratids; only while intracameral deposits were
merely 'common' among his Nauti loidea, they were ,more common'
among the Actinoceratids. This seems to me to be more than a case
of 'occasional convergences'; ancl on extending this classification to groups
other than merely the Ordovician members of the Actinoceratids which'InrcnEnr chiefly had in mind, great difficulties are immediately en-
countered. l 'hus the Sactoceratidae, one of the families within the
Actinoceratids, nray be 'in need of fnrther research,; but Mrllnn,
Duxean and Coxona (1933) have attributed to tiris family certain
Carboniferous genera in which the siphuncle is almost cylindrical, grough
strongly contracted where it passes through the septa. Similar variations
are found in the Silurian nautilid (Jranoceras and in such unrelated
poteriocones as Amphi'cyrtoceras and Strelttoceras. But there are all
kinds of transitions to the moniliform type of siphuncular tube found
in such true nautili as Germanonautilus of the Triassic, Paracenocera5
and Bisi,phytes of the Jurassic, or cimomia of the Tertiary, and the
width of the siphuncle is often greater than in certain Endoceratids.
Again, the Ordovician Actinoceratids probably have nothing to rlo with
the Carboniferous Rayonoceras giganteum (Sowerby) or the Devonian
trae Cyttoceras antl the Hercoceratidae, in the wider sense, including
Nothoceras, BARRANDE, with lamellar siphuncle, which was even thought
by Morsrsoyrcs ( l88b, p. 161) to be a primit ive ammonoid.

The calcification of the endosiphuncular tissue in Actinocerati6s I
take to be analogous to the hardening of the siphuncular sheath in
ammonites to which TnunuaN (1920), has directed attention and which,
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distinguishing feature, of course, it was natural to base ,,slrecies', on
the position of the siphuncle, but when a species like ,,orthocera,s,,
(Brachycycloceras) konittclcianrr??x, n,onnrcNr, can be recognised by its
external characters, the siphuncle is found to be variable. ,,Eobactri,tes,,
and "Bactril,es" (: Orthocerati,tes Br,UUnXnACr{2 are typical Ortho-
ceratids, except in the position of the siphuncle. It is idle to ignore
the demonstrable instability of the various features of this organ when
attempting a rational delirnitation of the ammonoids as opposed to
nautiloids. But there is generaliy no real difficulty in practice; and
eYen the resernblance between the orthoceraticl " Bactrites'' ancl the pre-
sumed ammonoid Lobobactrites is probably superficial.

It is curious that the only "true" Bactrites known, that is the
single species Lobobactrites eltipticus, Fnncn sp. (: Bactrites cari,natus,
Saxognncnn) Iras always struck observers as peculiar, even before Hr-a1t
discussed it. scurxopwor-,F also gave it a new generic name in 1983,
althouglr he now tries to minimise the clifferences, saying (p.z7r) that
the two genera are without the slightest tloubt extremely closely allied
and scarcely separable. In my first paper I had not been too dogmatic
about Lobobactrites, speaking of it in one prace (p. aa6) as ,,presumably"
an uncoiled goniatite, while elsewhere (p. +50) I particularly qualified
the opinion that Lobobactri,tes rcpresented a degenerate branch by adding
that this rvould apply only "if there was any connection at 1ll between
it and Gyroceratites',.

Among the not inconsir lerable anount of material from \\ ' issen-
bach etc. that I have examinecl there is nothing that could be considerecl
transitional between the two genera ,(Bactrites" and Lobobactri.tes, but
according to ScutlrDEwotF (1934c, p. 271) these transitions are man)--
fold. 1 rvas almost prepared to eoncecle that L. etti,pti,c1.L.s maqr, after
all, be an orthoceratid. After examining actual specimens again, how-
eYer' I am very cloubtful whether there nre real transitions, or whether
all those who thought that " Bactrites car"'inatus" wil,s, or might be, an
uncoiled goniatite, including Hyarr himself, were wrong. Since the
external position of the siphuncle in the stocks conceruecl is admitted
by all, I offer no apology for again trusting to crude, norphological,
considerations. The peculiar features of Lobobactrites are the presence

' T,euancx's "Orthoceratites", 1799 (p.81), ryas clescribed as having the last
chamber closed by an operculum and thus cannot have been a cephalopoil. Since he
nsed no specific name and in 1801 (p. 10a) included O. as a synonynt in Hiplturites,
the genus was no more defined than before Leulnox: anrl Br,uunrvnlcn (1803, p.2l)
rvas the first to connect it rvith a species. \Yliether AnruAsnn (1935, p. 89) likes the
name or not is beside the point.

,
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ratetl from Agoni'atites merely on the basis of a slight umbilical.perfo-
ration. Clearly this succession in time favours my view; ancl I cannot
see how a "series" from the straight Lobobactri,tes through Gyroceruti,tes
to the more involute goniatites can be spoken of as perfect, incontrover-
tible and "observable step by step" when their order of appearance is
the reverse. The late Lobobactr,ites, in any case, seems to me to be
out of the running altogether.

ScHtxnnwol,F also stated (1934c, p. 267) that Lobobactr'ites was
an exact replica of a straightened-oat Gyroceratites. Those who visua-
lise the latter merel.y as a loose spiral and do not have access to adult
specimens should consult the recent il lustration in ScnnvonwotF (1934c,
pl. xix, fig. 10) and remember that even this is enlarged (x 2). tr ully-
grown examples, especially when the umbilicus is coverecl by matrix,
show considerable resemblance to Agoniatites, but less so than the stil l
earlier M'imagoni'utites. It could be hekl that there is not really much
resemblance between such a speciaiised goniatite, even when straightenecl
out, and "Bactrites". rn my opinion, nloreover, the ilorsal band or
"keel" of Lobobactrites can only be interpreted as the analogue of the
impressed dorsal zone or line of its coiled ancestors. It can be ob-
served as a faint groove or band in Gyroceratites grac,ilis, at least on
the body-chamber, and ScnrNDEwoLp states that is was feebly developed
alrearly in the Lower Devonian Mi,magoniatites. fn a secondarily un-
coiled form this dorsal line or double line woulcl indeed appear as a
band 0r "keel" I and the iudistinct striation, strongl-1, bent backrvard orr
each side of this carina also can be nratched in Gyrocerat,ites of the
more ornamented type. There is no corresponding curve otr the veutral
side of Lobobactrites ell'ipticus, but the faint ribs, wheu seen at all,
Infl,5r be Yery slightly projected where they terminate on each side of
a smooth, ventral zone, a suggestion of the original differentiation of
the venter. Distinct bi-angularity, however, is found in Pseuilobqctri,tes
bicar'inatus, FnnnonNrnnp (1921, pl. 1, fig. 35, z-B only) which is a
good reproduction of a straightened-out Gyrocerat,ites, at .least in a
ventral view, showing the deep sinus in the striation. Linfortunately,
the siphuncle in Psezt'dobactrites has not been observed anri I am very
doubtf ul whether the type species of this genus (P. bicarinattts) is related
to the other species (P. quad,r'iangulatug - ',qttadr,innclulatus', on the
plate), tentatively inclurlecl by FnnnoNxrnnp in the same genus. The
occurrence of a fragment with a central siphuncle whieh, in spite of its
bi-angularit-v, may be an Orthoceras, makes it advisable not to be too
dogmatic about these early Mesorlevonian forms and especially about
their fore-runners in the Eo-Devonian, the "period of unstable cleve-
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ScnrNopwolr himself has shown that there were no imperforate gonia-
tites in the Lower Devotrian, so it would be impossible for their un-
coiled derivatives to possess such a tightl)' coilecl protoconeh, whether
we believe in the biogenetic law or not. But I have shown what can
happen to the protoconch even in an uncoiled Jurassic type (Eperoceras)1
and in mJ' condemnation of recapitulatory evidence I have all along
relietl nore on the later ammonites that we know than on the earlr.
types that we do not know.

Y. Tho Earliest Goniatites.
As I mentioned that the earliest goniatites were essentiall.r l ike

the more or less imperforate nautilicones and that the inner whorls of
T'arphyceras seeleye in the Tremadocian already showed close agreenent
with those of early goniatites (p. 445), it seems unnecessary to discuss
tlre breviconic Silurian "Barrandeocerus" sacheri, (Bann.r.uon). I parti-
cularly pointed out that the Ordovician fore-runners of this nautiloicl
genus were occasionally much more like Agoniatites than the later,
Silurian forms; and having many well-preserved examples before De,
I was aware that the shell apex of these late so-called Barrand,eocera,s)
especially B. sacheri, was totally unlike the beginning of the earliest
agoniatitids. I have already mentionetl that there is no need to assume
the existence of corlpletely imperforate goniatites in the L,ower Devonian,
that is, of fortt ts nlore involute than those we know. agoniat i t ids or
anarcestids. On the contrart-, since few totalll. irnperforate uautili-
cones were known. I saicl (p. 449 t that the earliest goniatites are as-
sumed, to show more or less of an umbilical perforation. It is agreed
that the goniatites became entirely involute only iu the higher Devo-
nian: and while I (p. a50) stated that all those goniatites that I had
examined were closely coilerl, I did not feel justifiecl in doubting the
existence of some apparent exceptions that had been figured by Horz-
APFEL and KAnPTNSKY. If these figures now turn out to be erroneous,
it only strengthens what r myself said. Likewise some more "regret-
table" errors for which Scnrxnnwor,F now takes me to task, onl5r clear
the air;  for a somewhat loose usage, on ny part,  of the terms coi l ing
and incoi l ing, or of involut ion, as dist inct from compiete closing of
the unrbilicus, now makes ScHruDEwoLF ask which were those involute
goniatites that gave rise to the uncoiled Gyrocerat'ites and Lobobactrites.
I can wish for nothing better than the Lower Devonian Xl'imagoni,atites
as the root-form of these trvo. It is the itteal agoniatitid to produce
the uncoiled types just mentioned, and its inner whorls are sufficiently
close to those of the nautiloid Iarphyceras r figured (fig.4a, p. azT)
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There is no need to count the characters in which an lIpper }Ieso-
devonian Agoni'at'ites differs from the Silurian "Barrand,eoceras" sacheri,l
I agree that they are entirely tlifferent. But I dial not claim either
this form 0r ((8.'1 bohem'i,cum, which may have a truncate venter, as
the ancestor of the goniatites. These nautiloitls belong ro the brevi-
conic type that still persists in the recent l{aut,ilu\ but there were
many others in which the initial chamber is neither "voluminous" nor
bluntly conical. Obviously a longiconic type of nautilid is indicaterl as
the ancestor of the goniatites. As the genus Tarphyceras, already
mentioned, includes forms with a conical beginning and others that are
ophiocones and almost imperforate, s0 the Silurian genera comprise a
variable series of types other than brevicones. It is true that proto-
conchs like that I figured for the early Tarphyceras 0r like those of
the perfectly involu.te Trocholites are not easy to expose, and it must
be remembered that the protoconchs of the Deyonian Orthoceras, pre-
viously discussed, came out of a soft, washable limestone, an unusually
favourable ruatrix, while the discovery of the impression of a globular
initial chamber in a Triassic l{autilus was entirely unexpected. There
is an extraordinarily varied series of nautiloitls in the early Palaeozoic,
compared with their post-Carboniferous descendants, but it seems pre-
ferable not to insist on, or single out, any particular genus like the
so-called Barrandelccras of the Silurian, leave alone a definite species,
as the root-fornt of the goniatites. i am visualising the persisting
Nautilida, with a h1'ponomic sinus, as a whole, il ia,t is, smooth forms
of the evolute Tarphyccras or involute Palaeonautiltts type rather than
the ornamented ophiocones ranging from Antiptectoceras and Graftono-
ceras to the somewhat isolated ophidioceratids.

Tlre form tlescribetl by ScHrxDEwoLF as Anetoccras ard,uennense
(Srntwrxcnn), and correctly referred to a new genus, was first recorded
as Cyrtocerati,tes and then as Gyroccras; ScrrrxoB\volF, however, now
thinks that, if his interpretation be correct, this form is not only a
goniatite but also tn important piece of evidence for the derivation of the
goniatites from a straight ancestor. The term "goniatite" seems as much
out of place for a form like Anetlceras, as it is for the strai ght Lobo-
bactri,tes; but in any case the extremely loose coiling of the former
can only be matched by types that we can prove to be secondarily
gyroceratid. Neither the coiling nor the oruamentation of Anetocer"a,s,
in fact, supports its ammonoid nature. It may be objected that these
are features of rninor importance, but we do rely on them in the case
of'other fornts with external siphuncle. If Anatoceras is related to Mimo-
sphinctes, as Scsrxnpwol,F suggests (but as seems most improbable,
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lineage like the Jurassic Spi.roceras the protoconch soon changerl back
into a globular shape, but only in some individuals. In uncoiling Cre-
taceous forms of the general shape of the Devonian Anetoceras, the inner
whorls also differ from indivirlual to individual, as they really do in Gyro-
ceratites and probably Anetoceras. Ilut since coiling is arlmitted by ScnrNDE-
woLF (1934 c, p. 260) to be of only slight phylogenetic significance, the
differences that may be fountl between the earliest goniatites and the an-
cestral nautilids with ophiocone coiling are not impcrtant. I rnyself do
not fincl any real difference; comparing a Irow€r Devonian Anarcestes
with a Torphuceras (with unstable siphuncle) of the Trenradoeian, there
is oniy a difference of size and an increase in the overlap of the whorls
which, however, was common in the equally early antl equally unstable
Trocholitidae.

With the siphuncle so unstable and whorl-shape and coiling, like
the ornamentation, of but slight importance, there remain only the
suture-line and ontogenetic development to elucidate the true nature of
a given form. I have already pointed out that for systematic purposes
we may place the suture-line first in importancel unfortunately in the
simple Devonian forms here discussed, it is anything but helpful. 0nto-
genetic evidence, which I am accused of neglecting altogether, in fayour
of purely external morphological characters, is important enough to be
considered in a separate chapter (p. 1ZZ).

YI. The Younger Ammonoidea.

As in the evaluation of the ontogenetic evidence just referred to,
so in the choice of the character that is taken to haye the greatest
value for classifica,tory purposes, we may trust to every-day experience
antt judge by results. If the position of the siphuncle in young ammo-
nites is as variable as I have shown it to be, it is in my opinfon in-
advisable to select this character for the division of the Ammonoidea
into two great sub-orders: - nlxtrasiphonata and Variosiphonata, the
latter tlivision to include not only the Intrasiphonata of Zrrrnr (ot
Clymenidae), but a host of unconnectetl later ammonoids in rvhich the
siphuncle is not ventral from the start. These two plroups are widely
separated in time; ancl for his first descentlant of the Devonian Clymen,ia,
ScnrNonwolx' has to jorp to the Permian Agathiceras. Since even in
this genus some species had the siphuncle ventral from the beginning,
they were separatetl, not only generically, but transferrerl to the other
sub-order. Perfect ittentity in all characters counts for nothing once the
position of the siphuncle, even at a microscopic size, has been chosen,
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and a half and in at least one the siphuncie is almost external from the second chamber
onward, but not at the caecum. The position of this caecum itself, generally rn-ell-pre-
served in the English, but not the Belgian, specimens of Dimorlthoceras, is thus unstable.

Of course, i t  would be easy to spl i t  the specimens of Gastr iocerqE
lister'i' up into goniatite tlerivatives (those with an external siphuncle)
and into descendants of. Cl,ymeni,a (those with a wandering siphuncle),
as was clone by ScnwDEwoLF in the case of. Agathi,cera,s. I leave it
to the reader to appraise the value of such phylogenetic dertuctions anrl
of such support for recapitulation. Eveb in Agatliceras suess,i from
Sosio, the siphuncle may be external already at under G mm rliameter
anil may have movecl to beyond the middle at just over 2 mm, surely
a "minute size" for an ammonoid. It is impossible to find either law
or order in the tlisplacement of the siphuncle and Hawrnr was probably
right iu suggesting that there was no regularity or constancy even in
the characters of the funnels. It is only by absolutely denying the
existence of an unstable siphuncle in goniatites and by arbitrarily
selecting a few out of the thousands of motosiphonate ammonites tha,t a prg-
gressive acceleration in the displacement of the siphuncle can be sugreste6.

It is not necessary to add to the overwhelming evidence from
Triassic and later ammonites previously adrlucecl; but a paper by Snrurzu
(1929) on the structure of the siphuncle in some tlpper Cretaceous am-
monites-which I have only recently seen-may profitably be consulted
by those who stiil doubt the vagaries of the siphuncle and its insigni-
ficance for phyletic speculations. The preservation of the Japanese am-
monites-as "restless a lott' ancl as liable to homoeomorphy as an),
other-is excellent; and it is interesting to compare the behaviour of
the siphuncle, for example in different species of Gaud,ryceras, or to
compare its position in late Phylloceras with that in the Triassic an-
cestors of this genus.

I,,et it be well notetl that it is again on the inner whorls that the
instability first appears, notably in such Carboniferous goniatites as
Gastrioceras and especially Dintorpltocere,s, the former consiclered by
many to be the ancestor of Agathiceras, the latter the most "ammonitid"
of our goniatites. The phylogenetic speculations of those authors who
studierl the Permian ammonites, including Agathiceras, may have been
"premature", and I am not surprised that they found everything to be
in a state of flux; but Scnrxonwoln's treatment of, Agathiceras seems
to me scarcely less justifiable than would be the linking oI Aturia (with
its internal siphuncle and lonpJ funnels) with the Devonian Cyrtoclqmenia
or of a late Cretaceous Bclzloenbachia with the clymenids 0n account of
the triangular nepionic coiling of some.
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it must have been able to live. As another friend put it, this necessity
alone makes perfect recapitulation utterly impossible; but where, he
thinks, necessity does not dictate procedure, the organism falls back
upon what its ancestors did, so that, provided that we try to get cor-
roborative evidence before accepting ontogeny as a guide to phylogeny,
the recapitulation principle is of real value. It is when I ask him
"which ancestor" that my difficulty begins.

If we are not to expect to find more in ontogeny than traces of
some undefined, generalised, Palaeozoic ancestor (ScnrNDEwotF, Lgzg,
p'57)' and if ontogenetic evidence, this valuable aid in the construction
of palaeontological theory, is to be applied so tentatively (Gnonen, t9BB,
p' 725), if it merely "sttggests and implies, rather than fulfills,,, has the
biogenetic law not become meaningless? Not one of the examples of
ammonites cited by the latter author from among such ,,abundance,,, to
support his palingenesis, in fact, is tenable. The capricorn stage in
Liparoceratids is not ancestral (see srarH, 19BB&, p. 705); the Rhaetic
ancestors of Psilocet'as are known (Searn, Lgg4, p. B1B); close similarity
in suture-line is not "unlikely" in independent series (Triassic Benecke,ia
and cretaceous Neolob'i,tes); the trend to sharpening of the periphery in
Paracoroniceras is not carried to a further stage in orynoticera,s, aparticularly dangerous group to select, as there are ,,too many of them,,.
By its general resemblance to contemporary genera like Eparietites,
Slatterites ttc., Oryrtr,ticerus s. s. has always n..o recognise,l to .orprise
certain specialised asteroceratirl developments and it is therefore included
in the family Ammonitidae (: Arietitidae). To speak of a skipped
carinatisulcate stage in such an orynoti.ceras, just because we know it
to be derived from the arietitids, seems to me as meaningless as to
assume earlier, hypothetical Calocet'as, Psiloceras, Monopiylites arrd
goniatite stages, to suggest a complete phylogeny. This is indeed
"straightforward recapitulation of phylogetrJ,', but we have been putting
into this lineage or series all that we want it to include. It was known
to the older authors, long before the advent of the biogenetic law, that
goniatites, ceratites, and ammonites were intimately alried, that a1
y'ung ammonites were rounded and smooth, and that, for example, an
oxynote form, during growth, must necessarily pass through intermecliate
stages.

It is sufficient again to look at the results of so much speculation.
Since, moreover, it is admitted that caenogenetic characters mar the
ontogenetic evidence, I may be fbrgiven for asking who is to be thejudge of what is, and what is not, reasonable evaluation of such ,,evi-
tlence" for phylogenetic speculations? We may consider ourselves fortunate



*zI
'slld.ora dur ru"rr;uoa 01 uo{€l oslB sI Ja}}?t oII} Jo aull ur e8uur

oqJ 'solrluruoF .(pua oql Jo snuls clruouod,(q oql oI salu1ollro{ plll}ntsu

u€rcraopro raa.oT ele"royedur .(1e1e1duroe oql Jo snalcnu oql uoJJ 'pessnc

-srp or€ pouorluoru uooq dlsnotle.rd 1ou p€q l€q? soJnluoJ snoIJBA
'souoco?r.,tc e.re ulrou{ spodoleqdoc anr}

lsorlrtso aqil 'aroJoq sB InJlqnop sts suleruor nlpq?"toqlo,1 snuaE aq;,
'passncslp osls o.lts pasnccB

uooq O^tsq I qclqa Jo sJo"Iro 0ltr,1 'poreJJo sI ocuapl^o l"euollQps pu?

uo{uqs uoaq o,\uq o} poraplsuoo ?ou aru splouotutu€ .ro}?I oq} Jo ur5t"ro

oq? pu'e 'selrleruo8 aql Jo uollualrap oq? 'ueptoplnuN ol{l yo .dua8o1.{qrl

oq? o? p.re8e; q?lA\ l€ paAIrJe dlsnovre.rd suorsnlcuoa ltdrcutlc{ eq; ,
'sroqlo pu?

gJSUgOd puts HCIUTO 'rUgHCIgJl 

"lUgttCOsCS 

'treuoge (.{TO.{ASONTHCS 
JO

susrcrlrJc oq? o1 .(1dar ? puts 'qcruesa.r 
J0 ouII slql ul acuts^pu ptdul aqq

.,tq pelelrssocou '.4l.orao"t 
?sJIJ dur o1 lanbas ts qloq sI .reded sq,tr

'.(ruurtnng 'IffA

's.ra?lol Sur8u;nocua ou ?uas J0 IIBtap Jo sroll€tu
polrlou oqit. pto.Iq€ s?uopuodseuoc pue 'surelqortl snorrel or{1 passnJslp I
rrroqld. rtll.& ouoq 1ts spuou; fueur oql ruo.rj uorlu5rtsar\ur srql uI palrocal

oa€r{ I dlaq eq1 a8pa1,\\ou{c? 0} arnseold aru .qalr5 }r uorsnlcuoJ ul
'(,salruourru€ s.fJlltrH,, Jo erlaads eq1

puarp ra8uol ou poau spuorrJ learSolooz rno tBI{? uaoqs erref 1 adoq 1
'acuaprao crlauo.oaoluo J0 uorlBnltsAo alqsrrOstsor J0 spunoq aq1 Sutddels
-JoAo uI ecerd.relsuru eql poapur sts1r{, (ucNt'uuvg) snpuncal salz.?u,eac
-o"t/ig 1o aldurexe e18urs B J0 luorudolalep ltsnprlrpul oql ruorJ Sutpoc ;o
e1c{c slr{ J0 uor?cnpop s6JJynH 'sra?cereqc 

Itsurolxa fla.rnd 0l }snr} o}

ueql 'elruorututs uE JoJ JouunJ-oroJ prueru,(1c 'e oltsIntsod o1 ro olrluruo8
E JoJ Jo1socur 1q.Ere.r1s E eunsbu o? opnJJ alou rtsJ om o? sueos ?l
',,orEJ,, poll?c eq uorluur5'euil Jo rlc?ar?s ,{ue .,(c1 louuuc qclqa 's4co1s

Surlrocun ur suaddeq ?BqA\ 0? s€ poruJoJur 11au. .(1a.,rr1ereduoc ort? o,!\ l€qi

?cBJ oq? puru ur Sur"reaq pue 'palonb uooq stsq ]tsqlr Jo .{A.oIA ul
'salruourue 

Jo luorudolalep oql ul sa8els elrleruo8 ?curlslp Jo uolllu
-8oca"r oql trr uollunltla alqsuosear Jo spunoq aq1 paddalsroao JIosuIq
HJrr[s 1rq1 saarSe (r,gz'd'cTge I) .{To.{A.soldrHcs 1v\0lt 'looqcs J,rvrH
oql poIIBJ aq ?€q..!\ Jo osuos oq? ul ,,se1e1n1rd€car ralau,, uotlelnltducer

?Er{l ?Iurpts o} p€q oslts (ga '0 '?16I) HJtr{S 'd'f 'acuapr^a qcns ul q}lBJ

lsol uoql peq orlt\ Nrrrr)rcng dq Furu.run r Jo elrds ur (ttOt) ;1as,tur
snql 1l pasn I pu€ lsesodrnd cr1erue1s.,(s roJ InJasr aq rruc 1eq1 sa.8e1s
-qpno.r8 Jo procor € sn 01 pa,r"rase"rd sr aroql sllaqs podoluqdao oq? ul l?ql

6LI'tpot{o1et1doC oq} ro dua5oldqd eqJ,



1 8 0  L .  F .  S p a t h ,

Atlditional evidence is offered to show the instabilitv of the si-
phuncle in the goniatites (Plate 9).

The advantages of an elastic classification are discussetl, also some
aspects of recapitulation.
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