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I. INTRODUCTION. 

I t is now generally known tha t the younges t s tages of 
t r i lobi tes found as fossils are minute ovate or discoid bodies, 
no t more than one millimetre in length, in which the head por
t ion grea t ly predominates. Altogether they present very l i t t le 
likeness to the adul t form, to which, however, they are t race
able through a longer or shorter series of modifications. 

Since Barrande 2 first demonstra ted the metamorphoses of 
t r i lobi tes , in 1849, similar observations have been made upon 
a number of different genera by Ford,22 Walcott,34':*>':t6 Mat
thew,28- 27' 28 Salter,32 Callaway,11 ' and the wri ter . 4 . 5- 7 The 
general facts in the ontogeny have thus become well estab
lished and the main features of the larval form are fairly well 
unders tood. 

Before the recognition of the progressive t ransformat ion 
undergone by tri lobites in their development, i t was the cus
tom to apply a name to each var ia t ion in the number of tho
racic segments and in other features of the test . The most 
notable example of this is seen in the tr i lobite now commonly ? 

known as Sao hirsuta Barrande . I t was shown by Bar rande 3 ' 
t h a t Corda17 had given no less than ten generic and eighteen , 
specific names to different stages in the growth of this species 
alone. 

The changes t ak ing place in the growth of an individual are 
chiefly : the elongation of the body th rough the g radua l addi
t ion of the free thoracic segments ; the t ransla t ion of the eyes, 
when present ; the modifications in the axis of the g label la ; 
the growth of the free-cheeks; and the final assumption of the 
mature specific characters of pygidium and ornamenta t ion . 

In the present paper the larval stages of several species are de
scribed and i l lustrated for the first t ime, and a review is under-
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taken of all the known early larval stages thus far described. 
This work would have no special interest in itself were i t not 
for the fact, that , with our present unders tand ing of tr i lobite 
morphology, it is possible to reach some conclusions of general 
importance, which have a direct bear ing on the significance 
and interpreta t ion of several of the leading features of the 
tri lobite carapace, and incidentally upon the s t ruc ture and re
lations of tlic nauplius of the higher Crustacea. 

II . T H E PROTASPIS. 

Barrande 3 recognized four orders of development in the 
tri lobites, its follows: 

i Head predominating, incomplete, i TYPES. 
I. < Thorax nothing or rudimentary. [- Sao hirsuta. 

I Pygidium nothing. ) 
I Head distinct, incomplete. ) T • J t i 

II. Thorax nothing. Trimwleus ornatm, and 
/ Pygidium distinct, incomplete. ) d " A(J'>ostus. 
; Head complete. ) 

III . ] Thorax distinct, incomplete. [- Arethusiiia kovinvki. 
( Pygidium distinct, incomplete. ) 
i Head complete. ) 

IV. ] Thorax complete. '- Dahiianiies hausmanni. 
I Pygidium distinct, incomplete. ) 

A s tudy of these groups shows a t once tha t they form a 
progressive series in which the first, alone is pr imit ive . The 
others are more advanced stages of development, as shown by 
the larger size of the individuals, and their having charac te rs 
which appear successively in the ontogeny of a species belong
ing to the first order of development. To a t t a in the stage 
which is represented by actual specimens, they mus t have 
passed through earlier stages, which as ye t have not been 
found. Furthermore, it is evident t ha t Barrande d id not con
sider the orders after the first as primitive, and character is t ic 
of the genera cited, for, in some remarks tinder the th i rd or
der, he says 3 : " I I est tres-vraisemblable, que la p lupar t des 
Tri lobi tes de cette section, si ce n'est toils, devront etre un 
jour transferes dans la premiere, par suite de la decouverte 
probable d 'embryons sans segmens thoracique." 

The geological conditions necessary for the fossilization of 
the minute larval forms of tri lobites are such, t h a t only in 
comparat ively rare instances are any of the immature stages 
preserved. Larval specimens are doubtless often overlooked 
or neglected by collectors, but generally the sediments are too 
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coarse for the preservation of these small and delicate organ
isms. In certain horizons and rocks, however, such remains 
are quite abundant , and complete ontological series may be 
obtained. Yet, it is not s t range that series of equal complete
ness have not been found in all Paleozoic horizons. 

The abbreviated or accelerated development of m a n y of the 
higher Crustacea has resulted in pushing the typical free-
swimining, larval nauplius so far forward in the ontogeny 
that this stage is either el iminated or passed through while 
the animal is still within the egg, so tha t when hatched it is 
much advanced. Although the tri lobites show d i s t inc t evi
dence of accelerated development through the earlier inher i t 
ance of certain characters which will be taken up later, ye t it 
is not believed that the normal series or periods of transfor
mation were to any degree disturbed, since both the simplest 
and most primitive genera whose ontogeny is known and the 
most highly specialized forms agree in having a common early 
larval type. This would b? expected from their g rea t ant iq
uity, their comparatively generalized and uniform s t ruc ture , 
and from the fact that no sessile, a t tached, paras i t ic , land, or 
fresh-water species are known. These condit ions by in t roduc
ing new elements into the ontogeny would tend to modify or 
abbreviate it in various ways, especially among the higher 
genera. 

Before discussing any of the various philosophical and the
oretical problems involved in an a t tempt to correlate the lar
val forms of Crustacea, a brief consideration of the known 
facts relat ing to the larva' of trilobites will be presented. 

Minute spherical or ovoid fossils associated with tr i lobites 
have been described as possible tri lobite eggs, by Bar rande 3 

and Walcott,3 3 but nothing is known, of course, of the embry
onic stages of the animals themselves. The smallest and most 
primitive organisms which have been detected, and traced 
by means of series of specimens through successive changes 
into adult trilobites, are, as s tated above, l i t t le discoid or 
ovate bodies not more than one millimeter in length, as shown 
on plates VI I I and IX. It is fair to assume that we have here 
a general exhibit ion of trilobite larval stages, since the ten spe
cies represented are from various geological horizons, belong
ing to the Cambrian, Ordovician and Silurian sediments, with 
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Devonian types, and showing the simple as well as the highly 
specialized forms. 

All the facts in the ontogeny of trilobites point to one type 
of larval s t ructure . This is even more noticeable than among 
recent .Crustacea, in which the nauplius is considered as the 
character is t ic larval form. It is desirable to give a name to 
this early larval type apparent ly so character is t ic of all trilo
bites, and among ditl'e'rent genera varying only in features of 
secondary importance. This stage may therefore be called 
the protas/i/s (npeoroi, /irimiix; (xernli. scutum). 

The principal characters of the protaspis are the following: 
Dorsal shield minute, varying in observed species from .4 to 
I mm. in l eng th : circular or ovoid in form; axis dis t inct , more 
or less strongly annu la t ed : head portion p redomina t ing ; 
glabella with five annula t ions ; abdominal portion usually less 
than one-third the whole length of the shield, axis with from 
one to several annu la t ions ; pleural portion smooth or grooved ; 
eyes when present anterior, marginal or submarg ina l ; free-
cheeks when present very narrow, marginal . 

Several moults took place dur ing this s tage before the com
plete separation of the pygidium or the introduction of tho
racic segments. When such moults are recognized, they may 
be considered as early, middle and late protaspis stages, and 
designated respectively as anaprotaspis , metaprotaspis and 
paraprotaspis . They introduced various changes, such as the 
s tronger annulat ion of the axis, the beginning of the free-
cheeks, and the growth of the pygidial portion from the in
troduction of new appendages and segments as indicated by 
addit ional grooves on the axis and pleura. Similar ecdyses 
occur dur ing the naupl ius stage of many living Crustacea be
fore a decided transformation is brought about . Certain of 
these later stages have received a dis t inct ive name, and arc 
called the metanaupl ius . 

I t is believed tha t the protaspis is homologous with the 
naupl ius or metanaupl ius of the higher Crustacea. Most of 
the reasons for this belief will appear later in the present 
paper ; some which may be s ta ted now are as follows: 

(1) The size of the protaspis does not differ grea t ly from 
tha t of many naupli i , and represents sis large an animal as 
could be hatched from the bodies considered as the eggs of 
t r i lobi tes . 
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(2 ) Some of the sediments carefully examined by the wr i te r 
could preserve smaller larval tr i lobites were such original ly 
present and provided with a chi t inous test, as shown by the 
abundance of minute ostracodes, and the perfection of detai l 
in these and other fossils. 

(3 ) The protaspis can be shown to be s t ruc tu ra l ly closely 
related to the nauplius, and in a more marked degree possesses 
some characters required in the theoretical c rus tacean an
cestor. 

I I I . REVIEW OF LARVAL STAGES OF TRILOBITES. 

Matthew27- '& has carefully described several early larval 
(protaspis ) stages of trilobites from the Cambrian rocks of 
New Brunswick, which are very simple and primit ive, and will 
be noticed first. 

Solenopleura robbi Hartt ; ; plate VII I , figure 1; from the 
Cambrian of New Brunswick; after Matthew.2 7 This larva is 
very minute and circular in out l ine ; the glabella is obscurely 
annula ted and extends to the anterior margin , where i t is ex
panded ; the neck r ing is the only one well defined; the ab
dominal portion is less than one-third the whole length, and 
is l imited by a slight transverse fu r row; no t races of eyes or 
free-cheeks discernible. 

Liostracus onanyondianus H a r t t ; plate VI I I , figure 2 ; from 
the Cambrian of New Brunswick; after Matthew. 2 7 . Th i s 
form is similar to the preceding, though larger, and wi th the 
glabella more rapidly expanding in front. The neck segment 
is the only one which is dis t inct . 

I t should be mentioned tha t most of the larval specimens 
here described and figured are preserved in fine shales and 
slates, as casts of the interior of the dorsal shield, so t h a t 
some features are not as emphatic as on the exter ior of the 
test. When well preserved, the axis always shows the typical 
five annulat ions on the ccphalon. 

Ptychoparia liunarssotii Walco t t ; plate VIII , figures 3 and 
4 ; from the Cambrian of New Brunswick ; after Matthew.2* 
The earliest stage is sl ightly more elongate than the preced
ing forms. The axis is narrow, expand ing in front and ob
scurely annulated, five annulat ions belonging to the cephalon, 
and one to the pygidium, which is very short and separated 
from the cephalon by a dist inct groove. 
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The second stage (figure 4) is decidedly more elongate; the 
axis is more distinctly annulated ; the occipital pleura defined; 
and the pygidium is larger and has an additional segment, 

rii/chojairia king! Meek; plate VIII, figures 5,6 and 7; 
from the Cambrian of Nevada and Utah. Figure 5 represents 
a cast of the protaspis, and shows a defined occipital ring, 
with the tixis slightly expanded and undefined in front; py
gidium truncate behind. Figure 6, which is referred to a 
later stage (metaprotaspis) of the same species, shows the in
ception of several characters that have not as yet appeared in 
the previous larva*. The axis is very strongly annulated; the 
anterior lobe is nearly as long as the four posterior annula
tions of the cephalon, and on each side there is a furrow rep
resenting the eye-line of the adult; the free-cheeks are pres
ent as narrow marginal plates, including the genal spines; the 
pygidium shows two segments separated by a furrow. 

An adult Pti/chopai'ia kingi is shown in figure 7 and may 
be taken as representing the sum of the changes passed 
through in the development of larva' like the preceding, be
longing to the genera So/eno/ilenra, Liostraciis and Ptycho-
paria. The introduction and growth of the segments of the 
thorax are perhaps the most marked changes, but other points 
of importance to be noted are: the comparatively smaller size 
of the cephalon and its transverse form; the limitation and 
recession of the glabella, which is now rounded in front, and 
only extends about two-thirds the length of the cephalon; the 
growth of the eyes and free-cheeks at the expense of the fixed-
cheeks; the increased segmentation of the abdomen, shown in 
the axial and pleural grooves on the pygidium. 

Sao hirsnta Barrande ; plate VIII, figures 8, 9,10 and 11; from 
the Cambrian of Bohemia ; after Barrande.3 The specimens of 
this species are preserved as casts, and several of the features 
are therefore somewhat subdued. The earliest or anaprotaspis 
stage, represented in figure 8, is quite as primitive in most re
spects as any of the preceding. It is circular in outline, the 
annulations of the axis are distinctly shown only in the neck 
segment and pygidial portion, and the eye-line is present. In 
figure 9 of the metaprotaspis, quite an advance is seen in the 
development of the free-cheeks and the more pronounced an-
nulation of the glabella, together with pleural grooves from 
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the neck segment and those of the pygidium. The next s tage 
(figure 10) probably represents the close of the protaspis stage 
(parapro tasp i s ) and the inception of the nepionic condition, 
when the cephalon and pygidium are d is t inct and before the 
development of the free thoracic segments. 

In considering the changes necessarily passed through by 
these larva' previous to a t t a in ing their adu l t charac te rs (figure 
11) the most notable, aside from increase in size and addi t ion 
of the sixteen thoracic segments, a r e : the appearance and 
t ranslat ion of the eyes pan' passu with the growth of the free-
cheeks; the growth of the border in front of the glabella, 
which now narrows anteriorly, and terminates about one-third 
the length of the cephalon within the m a r g i n ; the less dis
tinct annulat ion of the glabella; and the development of the 
spines and tubercles ornament ing the test. 

Triarthrus becki Green; plate VIII , figures 12, 13, and 14; 
from the Ordovician, Utica slate, near Rome, N. Y. A larval 
form of this species was figured by the wr i t e r ' in 1893. At 
this time, the eye-line was confused with the anter ior annula
tion of the axis, making the cephalon appear to have six in
stead of five annulat ions. A recent examinat ion of a large 
number of specimens shows tha t five is the invar iable number, 
as here represented. Two protaspidian stages of this species 
have been noticed, differing chiefly in the size of the pygidium. 
Both agree in showing a strongly annula ted axis, not ex
panded in front and te rmina t ing some dis tance within the 
margin. From the first annulat ion, it s l ightly elevated ridge 
on each side indicates the eye-line, and extends to the mar
ginal eye-lobe. The adult form (figure 14) shows in addi t ion 
to several characters noted in the previous species, the nearly 
complete loss of the two anter ior annula t ions of the g label la ; 
the disappearance of the eye-l ine: and the development of a 
row of nodes along the axis, from the neck segment to the 
proximal segment of the pygidium. 

Aeidaspis tiibercnlata Conrad; plate IX, figures 1, 2 and 3 ; 
from the Lower Helderberg ^roup, Albany county . New York.4 

Several of these remarkable larva1 have been found perfectly 
silicified in a limestone from which they have been freed by 
e tching. In general form, they resemble the second larval 
s tage of Sao (pla te VIII , figure 9) , but the pygidium is shorter 
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and the glabella does not expand anil te rminate in the ante
rior margin. No eye-line is present, but the eye-lobes may bo 
seen a little within the margin. The glabella has the charac
teristic number of annu la t ions ; margin provided with a row 
of dent ic les : genal angles extended into sp ines : pygidium 
with four spines. 

The adul t condition (figure 3) shows that the eyes have 
moved inwards and backwards to near the neck segment. The 
glabella has lost its annulat ions and is broken up into a me
dian lobe with two smaller ones on each side, while the neck 
ring is projected into a spine. The changes noted here are 
much more profound than in any of the preceding genera, 
since Aeidaspis is one of the most highly specialized of trilo
bites in i ts glabellar s t ructure and elaborate ornamenta t ion . 
The protaspis , too, par takes of this specialization, and, al
though the general form of the shield and the annula t ion of 
the axis are as primitive as in Triarthrns, yet the character
istic spinosity of the genus appears even a t this early stage 
and is a marked instance of acceleration of development. 

Arge.s consaiigniiiens C la rke ; plate IX, figure 4 ; from the 
Lower Helderberg group, Albany county, New York. A sin
gle larval form of this type has been found and a t first was 
provisionally referred to J'/tarthonide*.* The recent publica
tion by Clarke,1* of A ryes eonsangiiiiieiis from the same horizon, 
and a comparison of the larva with the description and with 
considerable addi t ional material , renders it now possible to 
determine definitely the relations of this in teres t ing form. As 
the main detai ls of s t ructure in Aeidaspis and A ryes are so 
similar, the t ransformations undergone by the larva are much 
alike in each case. The young A ryes likewise shows the same 
acceleration in the development of the spines and surface or
namentat ion, and the retention of the primit ive features of 
the glabella. The sp?ciin?n seen in figure 4 represents a late 
larval s tage (pa rapro tasp i s ) , as shown by the t ransverse form 
of the cephalon and the large size of tha pygidium. 

1'roetns parriiisciihis Hal l ; plate IX, figures 5 , 6 and 7 ; 
Utica slate, near Rome, New York. Two larval s tages of this 
species have been found. The younger (figure 5) is smooth, 
broadly ovate, .72 mm. long, and widest in f ron t : axis dis
t inct ly annulated, cylindrical on the cephalon, t ape r ing on the 
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pyg id ium; eyes nearly transverse to the axis , very large a n d 
prominent, s i tuated on the anter ior margin, separa ted only by 
the axis . The specimen represented in figure 6 is in the para
protaspis stage, and measures .96 mm. in length. I t shows 
an advance over the other in i ts size, i ts larger pyg id ium with 
grooved pleura, and the beginning of the recession of the eyes. 

The adu l t of this small species is shown in out l ine enlarged 
two diameters, in figure 7. The principal changes from the 
larva which should be noticed a r e : the loss of the four ante
rior annula t ions of the glabella, the neck segment being the 
only one wholly defined, al though the basal lobes represent 
remnants of the next an ter ior ; the t rans la t ion of the eyes 
backward as far as the pleura of the neck segment, and the 
change from a transverse to a parallel position wi th respect 
to the axis . 

In the original description of this species,23 no mention was 
made of fine undula t ing striae ornament ing the ent ire dorsal 
surface of the test, nor of the basal lobes of the glabella. Both 
these features are present in the type specimen, which is from 
Cincinnat i , Ohio, as well as in all the specimens from the 
Utica slate, near Koine, New York. With these addi t ional 
characters , the species is very closely related to Proetus 
deeorns Bar rande . 

Dalmanit.es socialis Ba r r ande ; plate IX, figures 8-11; from 
the Ordovician of Bohemia; after Barrande. 3 A nearly com
plete series of the growth stages of this species is given by 
Barrande. The earliest, or anaprotaspis , s tage found (figure 
8) exhibi ts an outline and axis similar to Aeidaspis. The 
eyes are quite large and si tuated, as in the same stage of 
J'roetns, t ransverse to the axis, on the anter ior border. Genal 
angles present, but in this case not produced by the free-
cheeks as in Sao and l'tyehoparia; glabella s t rongly annula ted , 
increasing in diameter anteriorly, a l though not e x p a n d i n g at 
the frontal margin as in Sao, etc. In the two following stages 
(figures 0, 10), the pygidium increases in size, and the pleura 
tire defined. To reach matur i ty (figure 11), eleven segments 
are developed in the thorax, the glabella becomes more promi
nently developed in front, but the five annu la t ions are main
tained. The eyes have travelled in and back as far as the 
thi rd head segment, anil their longer axes have swung around 
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into a position parallel with the axial line, as in I'roetus. 
The pygidium has added many new segments, and the extrem
ity is prolonged into a spine. 

Before proceeding further in the discussion of the protaspis , 
it is necessary to notice a number of forms of young tri lobites 
which have heretofore been referred to the embryonic and lar
val stages, but which are now believed to belong to stages 
later than the protaspis. 

1 8 3 1 5 

FIGURE 1. At/nostns mains Beyr.: after Barrande. 
F IGURE 2. At/nostns rex Barr.; after Barrande. 
FIGURE :i. Trinuciewt ornatus S temb. ; after Barrande. 
FIGURE 4. Hydrocephalus saturnoides Barr.; after Barrande. 
F IGURE 5. Hydrocephalus carens Barr.; after Barrande. 
FIGURE 6. Olenellus {Mesonticis) asaphoides Emmons; Ford collection ; original. 

FIGURE 7. Olenellus (Mesonticis) asaphoides Emmons : after Ford. 
F IGURE 8. Olenellus (Afesonacis) asaphoides Emmons; after Walcott. 

Besides the truly elementary forms described by Barrande 
and already noticed (Sao hi rant ft and Da/manites socialis), 
there are others which he referred to his second, th i rd and 
fourth orders of development.3 Among these Agnostits may be 
taken first. The youngest forms of Agnostits niidns and A. 
rex (figures 1, 2) measure respectively 2 and 1.3 mm. in length, 
and the adul ts 13 and 15 mm. The earliest stages of the gen
era shown on plates VIII and IX measure less than 1 mm., 
while the adul ts are more than 25 mm., with the exception of 
I'roe/ns /tarrinsenlits, which is seldom more than 10 mm. long, 
though this species has a protaspis .72 mm. in length. The 
cephalon and pj^gidiuni of the youngest known Agnostits are 
quite separate anil dist inct , which is not the case wi th the 
typical protaspis stage. It therefore seems probable tha t on 
account of the comparat ively large size and advanced s t ruc-
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ture of the youngest stages observed, the e lementary forms of 
this genus are as yet unknown, and possibly the extreme tenu
i ty of the test in the protaspis has prevented their preserva
tion. In the same way the young of TrinHelens (figure 3) 
show a separate cephalon and pygidium, and the specimens 
are in a much more advanced stage of development than the 
protaspis of Tro'etns, shown on plate IX. figure 5. An evi
dence of age is furnished, also, in the transverse shape of the 
head, which, in typical elementary forms, is longer than wide, 
instead of wilier than long. 

The youngest specimens of Are.tliiisina kintiiicki, figured by 
Barrande,3 are 2 mm. or upwards in length and have seven or 
more free thoracic segments, with the cephalon wider than 
long. The facts of ontogeny show tha t younger stages must 
be admi t ted in which the number of segments diminishes to 
nothing, cont inuing down to a form agreeing with the pro
taspis of other genera. 

I t has already been suggested4 t h a t the species described by 
Barrande3 under the generic name of IIgtlrocephaltis arc prob
ably the young of I'firado.rides. This conclusion receives fur
ther support from the undoubted young of Olenellus, a related 
genus, which in i ts immature stages bears a s t rong resem
blance to Ilgdroeejihaltts. The youngest examples of the lat
ter have a dis t inct pygidium, a well-developed cephalon, and 
large eye-lobes at the sides of the glabella, as in adul t forms. 
Free-cheeks were evidently present though not generally pre
served. See figures 4 anil 5. 

The young of Olenellus asap/toiiles, described and i l lustrated 
by Ford22 anil Walcott,3 5 '3 8 also presenCa number of features 
considerably in advance of a typical protaspis . The imma
ture characters are mainly the large size of the cephalon and 
the d is t inct annulat ion of the axis . The post -protaspidian 
characters are the dis t inct and separate pygidium, the adul t 
position of the eyes, and the apparen t ly well-developed free-
cheeks. In figure 7, after Ford,22 the outer pai r of spines be
longs to the free-cheeks, the other pair being formed by the 
pleural extensions of the glabella, which were called the in-
terocular spines. Sue also figures (5 and 8. 

The young specimen of Ptgc.hoparia monile Salter sp., fig
ured and noticed by Callaway,1 3 is 1.5 mm. in length, and 
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agrees, as far as can be determined without seeing the origi
nal, with what is known of other species of the same genus. 
I t probably belongs to a stage later than the protaspis . 

Matthew2 6 has carefully described some small cephala of 
('tenoceplialns ( lla rtella) mattltetei anil ('oitocoe///>he (Baili
e/la) bailei/i, from the Cambrian of New Brunswick. The fact 
of their being separate cephala, transverse in form, and from 
2 to 3 mm. in length, is sufficient to show tha t they do not 
represent the youngest stages of these species. 

The immature examples of Agnostits, Triiinchis, Arethttsinu, 
Paratlo.cides, Olenellus, ('tenoceplialns and Conocori/phe, here 
briefly noticed are of great interest in a s tudy of the ontog
eny of the various species to which they per ta in . In the pres
ent paper, however, it is intended chiefly to establish the pri
mary larval characters of the trilobites, and therefore only the 
earliest stages are considered. Under the genera j u s t men
tioned, the writer has endeavored to show tha t as ye t their 
ontogeny cannot be traced as far back as the s tage which has 
been defined as the protaspis. Therefore, any general notions 
of first larval forms must at present be based on the genera Sol-
enopleura, Liostraetts, J'tgehojtaria, Sao, Triitrthrns, Aeidaspis, 
J'ro'etiss and lhihnanites,. 

IV. ANALYSIS OF VARIATIONS IN TRILOBITE LARVA:. 

After t ak ing a general survey of the earl iest known larval 
s tages of tr i lobites figured on plates VII I , IX, i t is evident that 
an accura te and detailed description of any one would not ap
ply to any other except in certain broad characters . To formu
late a definition of the protaspis applicable to all, as has been 
done previously (p . 169), i t is necessary to neglect ore l imina te 
some ra ther s t r ik ing characters which should now be men
tioned. A few features thus omitted are considered as very 
primit ive larval characters , while others are mollifications in
t roduced in higher or later genera through the operat ion of 
the law of earlier inheri tance. 

From the best evidence now obtainable, the eyes have mi
gra ted from the ventral side, first forward to the margin and 
then backward over the cephalon to their adu l t position, 
thus agreeing with Bernard 's conclusions.12 Therefore, the 
most primit ive larva? should present no evidence of eyes 
on the dorsal shield, and na tura l ly there would be no free-
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cheeks visible. Ju s t such conditions are satisfied in the 
youngest larva of Ptgrhopan'tt, Solenoplettra and Liostracns, 
which are the most primitive genera whose protaspis is known. 
The eye-line is present in the later larval and adolescent stages 
of these genera, and persists to the adul t condit ion. In Sao it 
has been pushed forward to the earliest protaspis , and is also 
found in the two known larval stages of Triort/trns. Sao re
ta ins the eye-line throughout life, bu t in Triarthrus the adul t 
has no traces of it, anil none of the higher and later genera 
s tudied has an eye-line at any stage of development. Mat
thew has considered this feature as especially character is t ic 
of most of the Cambrian genera, and now i t is further shown 
to be a character first appearing in the later larval stages of 
certain genera (Pfgchoparia, e tc .) , next in the larval stages 
(Sao), then d isappear ing from adult stages ( Triarthrus), and 
finally pushed out of the ontogeny al together (Aeidaspis, Dal-
manites, e tc . ) . The eyes are visible on the margin of the dor
sal shield after the paraprotaspis stage, later than the eye-line 
in Pfgchoparia, Solenoplettra, Liostracns, Sao and Triarthrus; 
bu t in the other genera through acceleration they are present 
in all the protaspis stages, and persist to the mature , or ephe-
bic, condition, moving in from the margin to near the sides of 
tne glabella. 

The changes in the glabella are equally impor tan t and in
terest ing. Throughout the larval stages, the axis of the ceph
alon is five-segmented or annulated, ind ica t ing the presence of 
as many paired appendages on the ventral side. In its sim
plest and most primitive state, it expands in front, jo in ing and 
forming the anterior margin of the head ( larval Pfgchoparia, 
Sao), Dur ing later growth i t becomes rounded in front and 
terminates within the margin. In higher genera through ac
celeration it is rounded and well-defined in front even in the 
earliest larval stages and often ends wi thin the margin (lar
val Triarthrus, Aeidaspis). From these common types of sim
ple, pentamerous glabella?, all the diverse forms among adul t 
individuals of various genera have been derived, through 
changes affecting any or all of the lobes. The modifications 
usually take place in the anter ior lobes first, and gradual ly in
volve the others, though rarely d i s tu rb ing the neck segment 
which is the most persis tent of all. Six lobes are occasion-
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ally found in the glabella' of some species. They do not indi
cate an addit ional pair of limbs, for the extra lobe is produced 
(a) by division of the anterior lobe through the greater or less 
extent of the eye-line across the axis, as in Olenellus, Pai'atlo.e-
itles and Ogggia : or (b) by the marked development of mus
cular fulcra, which are supposed to be connected with the 
hypostoma. 

The next s t ructures not especially noticeable in all stages 
of the protaspis are the free-cheeks, which usually manifest 
themselves in the meta- or paraprotaspis stages, though some
times even later. Since they bear the visual areas of the eyes, 
their appearance on the dorsal shield is pract ica l ly simultan
eous with these o rgans ; and before the eyes have travelled 
over the margin, the free-cheeks must be wholly ventral in posi
tion. They are very narrow when first discernable (p la te VII I , 
figures 6, 0 and 10), and in Pgtchoparia, Sao, etc., include the 
genal angles, but in Dalmanites they extend only a short dis
tance below the eyes. 

The remaining features of the protaspis which here require 
notice are the pleural furrows and the pygidium. The pleura 
from the anter ior segments of the glabella are occasionally 
shown1; as in the young of Olenellus (figure 6) , bu t usually the 
pleura of the neck segment are the first and only ones to be 
dis t inguished on the cephalon, the others being so int imately 
coalesced as to lose all traces of their individual i ty . This 
makes the eranidium, or head shield, exclusive of the free-
cheeks, consist of the fused lateral extensions or pleura of the 
head segments, as already noticed by Bernard.12 The possible 
pleural or segmental na ture of the free-cheeks will be noticed 
later. 

The dis t inct pleura of the pygidium appear soon after the 
anapro tasp i s stage, and in some genera (Sao, Dalmanites) are 
even more marked than in the adul t s tate, much resembling 
separa te segments. The growth of the pygid ium is very con
siderable through the protaspis stages. A t first i t is less than 
one-third the length of the dorsal shield, bu t by the successive 
addi t ion of segments, i t soon becomes nearly one-half as long. 
In some genera i t is completed before the appearance of the 
free thoracic segments, though usually new segments are add
e d dur ing the adolescence of the animal. 
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A n u m b e r of g e n e r a p r e s e n t a d u l t c h a r a c t e r s , w h i c h a g r e e 

c lose ly w i t h some of t h e l a r v a l f e a t u r e s n o t i c e d in t h i s s ec t i on , 

a n d a r e i m p o r t a n t in a p h y l o g e n e t i c s t u d y of t h e t r i l o b i t e s . 

T h e m a i n f e a t u r e s of t h e c e p h a l o n in t h e s i m p l e p r o t a s p i s 

f o r m s of Soleno/ileura, Liostracns a n d Ptgelmpttria, a r e re

t a i n e d to m a t u r i t y in s u c h g e n e r a as f'arausitt a n d Acoitthens, 

w h i c h h a v e t he g l a b e l l a e x p a n d e d in f r o n t , j o i n i n g an i l fo rm

i n g t h e a n t e r i o r m a r g i n . T h e y a r e a l so w i t h o u t eyes or eye-

l ine , fteuocephaltis r e t a i n s t h e a r c h a i c g l a b e l l a n e a r l y t o ma

t u r i t y , a n d l i k e w i s e s h o w s e y e - l i n e s a n d t h e b e g i n n i n g s of t h e 

f r ee - cheeks ( l a r v a l Sao). Conocoryphe a n d I'tgchoptiria a r e 

s t i l l f u r t h e r a d v a n c e d in h a v i n g t h e g l a b e l l a r o u n d e d in f r o n t , 

a n d t e r m i n a t e d w i t h i n t h e m a r g i n ( l a r v a of Triarthrus). 

T h e s e f a c t s a n d o t h e r s of a s i m i l a r n a t u r e s h o w t h a t t h e r e a r e 

c h a r a c t e r s a p p e a r i n g in t h e a d u l t s of l a t e r a n d h i g h e r gen 

e r a , w h i c h s u c c e s s i v e l y m a k e t h e i r a p p e a r a n c e in t h e p r o t a s p i s 

s t a g e , s o m e t i m e s to t he e x c l u s i o n or m o d i f i c a t i o n of s t r u c t u r e s 

p r e s e n t in t h e m o s t p r i m i t i v e l a r v a . T h u s t h e larva? of Dal

manites or J'roeftts, w i t h t h e i r p r o m i n e n t eyes , a n d g l a b e l l a 

d i s t i n c t l y t e r m i n a t e d a n d r o u n d e d in f r o n t , h a v e c h a r a c t e r s 

w h i c h ilo no t a p p e a r in t h e l a r v a l s t a g e s of a n c i e n t g e n e r a , 

b u t w h i c h m a y a p p e a r in t h e i r a d u l t s t a g e s . E v i d e n t l y s u c h 

m o d i f i c a t i o n s h a v e been a c q u i r e d b y t h e a c t i o n of t h e l a w of 

e a r l i e r i n h e r i t a n c e , or t a c h y g e n e s i s . A l t o g e t h e r i t s e e m s t h a t 

we h a v e r e p r e s e n t e d on p l a t e s V I I I a n d I X a p r o g r e s s i v e se r i e s 

of first l a r v a l s t a g e s in e x a c t c o r r e l a t i o n w i t h a d u l t f o r m s , t h e 

l a t t e r a l so c o n s t i t u t i n g a p r o g r e s s i v e se r i e s , s t r u c t u r a l l y a n d 

g e o l o g i c a l l y . 

A s u m m a r y of t h e f e a t u r e s a d d e d to t h e d o r s a l s h i e l d of t h e 

a n a p r o t a s p i s s t a g e of a c c e l e r a t i o n d u r i n g t h e e v o l u t i o n of t h e 

c l a s s , from t h e s i m p l e r f o r m s of C a m b r i a n t i m e s t o t h e l a t e r 

an i l m o r e h i g h l y d i f f e r e n t i a t e d Dalmanites, Prot'ttts a n d Aeid

aspis, w o u l d i n c l u d e : t h e f r e e - c h e e k s ; t h e e y e s ; t h e m o r e 

s t r o n g l y lobed g l a b e l l a , r o u n d e d in f r o n t : t h e t r a n s i e n t eye-

l i n e ; t h e g e n a l a n g l e s ; a n d t h e o r n a m e n t s of t h e t e s t . 

T h e s e a d d i t i o n s , a s m a y be seen b y r e f e r e n c e to p l a t e s V I I I 

an i l I X , c o n s i d e r a b l y c o m p l i c a t e a n d m o d i f y t h e p r i m i t i v e 

p r o t a s p i s , b u t , a s p r e v i o u s l y m e n t i o n e d , i t d o e s n o t lose a n y 

of i t s e s s e n t i a l s t r u c t u r e s . B e s i d e s , i t i s p o s s i b l e t o t r a c e t h e 

o r i g i n a n d s i g n i f i c a n c e of t h e a c q u i r e d c h a r a c t e r s , a n d t h u s t o 

a s s i g n t o e a c h i t s t r u e v a l u e . 



I.areal Stages of Tri/ohites.— lleecher. |Sl 

V. A v n ^ r n v OF TIIK TKII.OIUTKS. 

The superlat ive age of the trilobites has been generally rec
ognized, and is ion well known to require more than a passing 
notice. Even in the earliest ( 'ambrian. they bear evidence of 
great an t iqu i ty in their diversified form, their larval modifi
cations, and their polymerous head and caudal shield. ;ill of 
which features show that trilobite phylogeny niiisi reach far 
back into pre-<'ambrian limes. 

Not only are the smallest species found in the ( 'ambrian 
(Agilastiis), but also many of the largest (Paratlo.eitles). There 
is a great range of variation in the number of free thoracic 
segments, varying from two in Agnostits to twenty in I'oi'otln.c-
tiles. The pygidium likewise shows extreme variat ion of from 
two to upwards of ten nlikylosed segments. The eyes may be ab
sent as in Agnttstits and Micrtnliscus, or very large as in Para-
tit,.rides, though both in this respect and in the number of 
somites, free or fused, the ( 'ambrian genera are exceeded in la
ter deposits. In ornamentat ion and spiniform processes, the 
Cambrian species show considerable development though not 
as great as others since that time. However, the wide varia
tions they do present in this par t icular indicates differentia
tion and specialization considerably removed from the begin
ning of the tr i lobite phylum. 

The acquisit ion of distinct larval stages could only have 
been reached through a long series of changes in ancestral 
forms. The composition of the cephalon and caudal shield 
indicates a derivation from some primitive form, probably 
annelidan, in which, through adapta t ion to special require
ments, cer ta in polar segments became fused/ forming very 
dis t inct terminal body regions. Furthermore, the tr iboli tes 
are the only large division of the Arthropoda which has 
become ext inct . The Merostomata and Phyllocarida, cul
minated a little later, though still represented by living 
species, but all the other divisions apparent ly have continued 
to increase since their inception dur ing Paleozoic time. The 
only known ar thropod contemporaries of the tr i lobites in the 
Cambrian are the Merostomata, Ostracoda, Phyllopoda. and 
Phyllocarida, all of the higher forms apparent ly hav ing de
veloped since that t ime. A more graphic view of the geolog
ical range and dis t r ibut ion of the ar thropods is represented in 
the following tab le : 
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Having thus far rcviewi'd the features of the primitive pro
taspis and some of the characters it acquired through earlier 
inheri tance, together with the comparat ive age of the differ
ent groups of ar thropods, it must be conceded, that , in inter
pret ing crustacean phylogeiiy from the facts of ontogeny, the 
trilobites. so far as they show s t ructure , are entitled to first 
place. Moreover, since the appendages are quite fully known 
and from them the trilobite proves to be a most generalized 
and primitive crustacean, still greater reliance cali be placed 
(in deductions based upon a s tudy of this type. The recent 
discoveries of the antenna' and the exact detai ls of trilobite 
s t ructure , together with the larval homologies here made and 
the concordance of trilobites with the theoretical original 
crustacean leave almost no doubt as to their true crustacean 
affinities. Woodward.37 from another point of view, reaches 
the same opinion by say ing : "The tri lobita, being certainly 
amongst the earliest forms of crustacea with which we are ac
quainted, cannot be removed from that class without destroy
ing its ancestral record." 

VI. RESTORATION OF THE PROTASPIS. 

At first thought , the a t tempt to reconstruct the ventral side 
of the trilobite protaspis may seem a little hazardous or pre
mature, but a careful consideration of all the data leads the 
writer to undertake this with some confidence. 
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The n'eiius 'J'riar/ltrus is taken I'cr the basis ul' th is restora

t ion , as it is lo -day the best known of a l l the t r i l ob i tes . and 

i ts ventra l s t ruc tu re has been ascertained to a degree of per

fect ion of deta i l wh ich compares favorab ly w i t h many of the 

recent crustaceans.'1- , s- '• ' The w r i t e r has s tud ied the s t ruc tu re 

of m.i n v adul t and im mature specimens sonic of them not more 

than 5 mm. in length, so that f o r tuna te l y the appendage- are 

known at many stages of g r o w t h . Especial ly are the y o u n g 

and rud imen ta ry l imbs near the e x t r e m i t y of the p y g i d i u m 

in adolescent i nd i v idua ls of considerable morpho log ica l inter

est, for they agree closely w i t h the phy l l opod i f o rm t r unk ap

pendages in the metanaupl ius of Apus. and protozoea of l-'.n-

pltaiisia, or in a general way. w i t h the s t i l l more rud imen ta r y 

t r unk l imbs in the naupl ius stages of these and other forms. 

It has been def in i te ly ascertained that the cephalon in t r i l o 

bites bears live pairs of j o i n t ed appendages or limbs.11 In lar

val or immatu re specimens, and in adu l ts in wh ich the glabel la 

retains i ts p r i m i t i v e s t ruc tu re , th is number is i nd ica ted on the. 

dorsal shield by the five lobes or annu la t ions of the g label la , 

i n c l u d i n g the neck r i n g . These may therefore be taken as 

represent ing, in so far. the o r i g ina l segmentat ion of the head, 

and agree w i t h what is general ly accepted as the p r i m i t i v e 

s t ruc tu re in modern t rue Crustacea. The head por t ion of the 

protaspis d e a r l y shows this pcutasomi t ic s t ruc tu re , and ev i 

den t l y car r ied a cor responding number id' pai red l imbs on the 

ventra l side. I t has also been de is t ra tcd that the annu la

t ions on the axis of the p y g i d i u m correspond to the number 

of paired l imbs beneath, exc lus ive, id' course, of the anal seg

ment. Here. too. it is possible to tell f r o m - t h e p y g i d i a l por

t ion id' the protaspis the number of l imbs present d u r i n g l i fe . 

The protaspis of Triarthrus, represented in plate V I I I . figure 

13. on ib is basis had live pairs id' l imbs at tached to the head 

por t ion and two pairs to the p y g i d i u m . 

Next , as to the composi t ion and form id' these elementary 

protaspis l imbs, i t is safe to assume that the an te r io r pa i r . 

cor respond ing to the antennules, must be un i ramous since 

they are so d u r i n g al l the y o u n g and adu l t stages observed, 

and since th is form is common to al l naup l ius stages of modern 

Crustacea, and is recognized as p r i m i t i v e and e lementary fo r 

the class. There is apparent ly ' a greater s im i la r i t y ' in the-
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l a rva l a n t e i u i u l e s t h a n b e t w e e n a n v o t h e r a p p e n d a g e s , a n d a s 

Apus a n d Knphausin h a v e t h e s e in a v e r y g e n e r a l i z e d form, 

t h e y a r e t a k e n a s t y p e s of t h e first p a i r of l i m b s of t h e t r i l o 

b i t e p r o t a s p i s . a s s h o w n in p l a t e X. f igure 1 ( 1 ) . It s h o u l d 

be n o t e d , too , t h a t t he a n t e t i n u l e s of t h e t r i l o b i t e s a r i s e f rom 

tin; s i de s of t he u p p e r l ip or h y p o s t o i n n . a s in t h e n a u p l i u s . 

T h e o t h e r head a p p e n d a g e s a r e t y p i c a l l y b r a n c h e d , t h o u g h 

in m a n y of t he recent C r u s t a c e a t h e y lose t h i s c h a r a c t e r a f t e r 

t h e l a r v a l s t a g e s . E s p e c i a l l y is t h i s t r u e of t h e t h i r d p a i r of 

l imbs , w h i c h become modified i n t o t he m a n d i b l e s . In t r i l o 

b i t e s t h e p r i m i t i v e b i r a m o u s s t r u c t u r e of t h e head l i m b s per

s i s t s to a d u l t s t a g e s , o c c u r r i n g a l so in l i m b s of al l t h e p o s t e r i o r 

s e g m e n t s w h e r e t-hev become more a n d more p h y l l o p o d i form." 

In t he r e s t o r a t i o n of t he p r o t a s p i s it s e e m s o n l y n e c e s s a r y to 

a p p e n d t h i s a r c h a i c t y p e of l imb to each s e g m e n t , a g r e e i n g a s 

it does in form a n d s t r u c t u r e w i t h t he r u d i m e n t a r y l i m b s of 

o lde r s t a g e s a n d w i t h t he n a u p l i u s a n d m e t a n a u p l i u s s t a g e s 

of Apus. 

I t c a n n o t be d o u b t e d t h a t t he p r o t a s p i s h a d five p a i r s of 

l imbs on t h e h e a d p o r t i o n a n d one or more on t h e p y g i d i u m , 

a n d a l t h o u g h these a r e t he m a i n p o i n t s n e c e s s a r y to p r o v e t h e 

a r g u m e n t in t h e next s ec t i on , on t h e n a u p l i u s , y e t il s e e m s 

p e r f e c t l y w a r r a n t a b l e a n d b e t t e r for g r a p h i c p u r p o s e s to a t 

t a c h t h e r e q u i r e d n u m b e r of e l e m e n t a r y l i m b s to t h e v e n t r a l 

s i de of t h e p r o t a s p i s , as r e p r e s e n t e d in p l a t e X, f igure I. 

T h e r e a r e o t h e r o r g a n s a n d s t r u c t u r a l d e t a i l s o c c u r r i n g in 

the n a u p l i u s a n d in a d u l t t r i l o b i t e s . w h i c h d e s e r v e r e c o g n i 

t ion in a r e s t o r a t i o n of t he p r o t a s p i s s t a g e . F i r s t a m o n g t h e s e 

is t h e l a b r u m . or u p p e r l ip . N o w h e r e is t h i s p l a t e so well 

d e v e l o p e d a n d so s t r i k i n g a v e n t r a l f e a t u r e a s a m o n g t h e t r i l 

o b i t e s . T h e r e can be no h e s i t a t i o n , t h e r e f o r e , in a c c e p t i n g 

t h i s a s c h a r a c t e r i s t i c of t h e p r o t a s p i s . 

T h e t r i l o b i t e s a n d most recent c r u s t a c e a n s h a v e a n i e t a s -

t oma , or lower l ip . T h i s is a l r e a d y d e v e l o p e d in t h e n a u p l i u s 

s t a g e of some C r u s t a c e a , a s Kupliansiii a n d Pencils, a n d p r o b 

a b l y r e p r e s e n t s an ea r ly l a rva l c h a r a c t e r . It u s u a l l y a p p e a r s 

a s a m e d i a n p l a t e d i v i d e d i n t o t w o sma l l p l a t e s , or l a p p e t s , on 

e a c h s ide of t h e m e d i a n l ine, p o s t e r i o r t o t h e m o u t h , a n d is 

t h u s r e p r e s e n t e d in t he r e s t o r e d p r o t a s p i s . As it o c c u r s on a 

s e g m e n t b e a r i n g a lso a p a i r of legs a n d h a s no s e p a r a t e neii-

r o m e r e . it c a n n o t well be c o n s i d e r e d as r e p r e s e n t i n g a s o m i t e 
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All a n a l o p e n i n g is found in most u a u p l i i . e s p e c i a l l y in 

t hose of t he n o n - p a r a s i t i c C r u s t a c e a , a n d in t h o s e in w h i c h 

t h i s s t a g e is n o r m a l a n d f r e e - s w i m m i n g . T h e p r o t a s p i s . a s 

r e p r e s e n t i n g a f r e e - s w i m m i n g la rva l s t a g e of t r i l o b i t e s . t h e r e 

fore, p r o b a b l y possessed an ana l o p e n i n g . 

T h e o n l y c h a r a c t e r r e p r e s e n t e d in t h e r e s t o r a t i o n w h i c h is 

a c c e p t e d p u r e l y from a n a l o g y is the m e d i a n u n p a i r e d eye . 

T h i s o r g a n is a l m o s t u n i v e r s a l l y present in t he n a u p l i u s , a n d 

is r e g a r d e d as a verv p r i m i t i v e c h a r a c t e r w h e r e v e r f ound . 

T h e next a n d last s t r u c t u r e s to be n o t i c e d a r e t he free-

c h e e k s a n d the b e g i n n i n g s of the p a i r e d eyes , a s s h o w n in 

p l a t e X. figure I (y.tif). T h e i r e x i s t e n c e h a s a l r e a d y been 

i n d i c a t e d in t he d e s c r i p t i o n s a n d o b s e r v a t i o n s of t h e p r o t a s p i s 

a n d i t s d e r i v e d c h a r a c t e r s , a n d need not be r e p e a l e d he re . A p 

p a r e n t l y t he n a u p l i u s p r e s e n t s n o t h i n g h o m o l o g o u s , un l e s s 

poss ib ly t h e f ron t a l s e n s o r y o r g a n s of Apus. Haitians, I'eitens, 

e tc . . m a y be t a k e n as s u c h . T h e p a i r e d eves a n d f ron t a l sen

sory o r g a n s a r e close t o g e t h e r a n d seem to h a v e some i n t i m a t e 

c o n n e c t i o n , for, as the p a i r e d eyes d e v e l o p , t he l a t t e r d w i n d l e 

a n d d i s a p p e a r . L i k e w i s e in the t r i l o b i t e s t he f r ee - cheeks b e a r 

t he v i sua l a r e a s , a n d m a y be a l m o s t w h o l l y c o n v e r t e d i n t o 

e y e s as in .Kylitta ( f ge/o/it/ge). 

T h e g r e a t e r or less s e p a r a t i o n of the c e r e b r a l g a n g l i a in t he 

c l u e t o p o d s a n d in some of the lower Crus t acea l e ads to (he 

idea t h a t t h e f ree -cheeks in t r i l o b i t e s a r e t he p l e u r a id' an oc-

c i i l i f e rous h e a d s e g m e n t , wh ich o t h e r w i s e is los t . If t h e hy-

p o s t o m a is h o m o l o g o u s w i t h the a n n e l i d p r o s t o i n i u m , a s u r g e d 

by B e r n a r d " , then the f ree -cheeks m a y lie c o n s i d e r e d a s r ep

r e s e n t i n g t he s e c o n d p r o c e p h a l i c s e g m e n t , w h i c h is t he n u m 

ber r e q u i r e d on the s u p p o s i t i o n tha t each n e u r o n i e r o c o r r e s 

p o n d s to a s o m i t e . T h e r e is a s e p a r a t e ne i i ro ine re to each 

inesode r in i c m e t a i n e r e p o s t e r i o r to t he h e a d , a n d from a n a l o g y 

we s h o u l d e x p e c t t h a t each n e u r o n i c re in t h e h e a d w o u l d 

r e p r e s e n t an o r i g i n a l s e g m e n t , e s p e c i a l l y a s it c a n be d e m o n 

s t r a t e d t h a t the head is c o m p o s e d of c o n s o l i d a t e d or fused 

s e g m e n t s ( K i n g s l e v - 1 ) . 

H a v i n g t h u s s h o w n the p r o b a b l e v e n t r a l s t r u c t u r e of t h e 

p r o t a s p i s . we a r e p r e p a r e d to m a k e some g e n e r a l o b s e r v a t i o n s 

on the l a rva l t y p e of m o d e r n ( ' r u s t a c e a k n o w n a s t he -V"auplius. 

Before d o i n g t h i s it is well to e m p h a s i z e a g a i n t h a t t h e r e is 
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very p o s i t i v e e v i d e n c e , a m o u n t i n g v i r t u a l l y to c e r t a i n t y , t h a t 

t he p r o t a s p i s h a d live p a i r s of l imbs a t t a c h e d to t h e c e p h a l i c 

p o r t i o n , b e h i n d w h i c h w a s an a b d o m i n a l p o r t i o n c o n t a i n i n g 

the f o r m a t i v e e l e m e n t s out of w h i c h all t h e p o s t e r i o r s o m i t e s 

a n d a p p e n d a g e s were d e v e l o p e d . 

V I I . T i n : CursTACEAX X . u r u r s . 

T h e n a m e S'atipliiis w a s first used by ( ) . F. M iiller2" to d e s i g 

n a t e a m i n u t e c r u s t a c e a n be l ieved to r e p r e s e n t an a d u l t a n i m a l . 

A f t e r w a r d s it w a s found to be a l a rva l s t a g e of Cgclo/is. bu t 

b e c a u s e it a g r e e d in s t r u c t u r e w i t h t h e l a r v a ' of m a n y o t h e r 

C r u s t a c e a t h e n a m e w a s r e t a i n e d for t h a t t y p e of l a rva l form 

a n d is n o w in g e n e r a l u^c. P r i m a r i l y it is s u p p o s e d to r e p r e 

sent t h e first f r e e - s w i m m i n g s t a g e a f t e r t h e e s c a p e of t h e a n i 

mal from t h e e g g . H o w e v e r , m a n y spec ies a r e q u i t e ful ly deve l 

oped w h e n l e a v i n g the e g g . a n d u n d e r g o c o m p a r a t i v e l y s l i gh t 

s u b s e q u e n t ine tan o r p h o s e s . a n d in t he se a n d o t h e r spec ie s 

t h e r e m a y be d e v e l o p e d in t he e g g an e m b r y o h a v i n g sonic of 

t h e c h a r a c t e r s of t h e n a u p l i u s . T h e r e f o r e , t he t e rm is a l so 

a p p l i e d to all c a se s w h e r e a c e r t a i n a s s e m b l a g e of n a i i p l i a n 

c h a r a c t e r s o c c u r s in t he d e v e l o p m e n t i d ' a n y c r u s t a c e a n . T h u s 

it m a y be c o n s i d e r e d as a s t a g e of d e v e l o p m e n t not r e s t r i c t e d 

to a def in i te pe r iod of o n t o g e n y . 

T h e a d u l t Apus possesses so m a n y n a i i p l i a n f e a t u r e s , a n d in 

i t s d e v e l o p m e n t pas ses t h r o u g h such s i m p l e m e t a m o r p h o s e s . 

t h a t it h a s been a p t l y c o n s i d e r e d by B e r n a r d " a s a n a u p l i u s 

g r o w n to m a t u r i t y . Ba l four 1 a l so s t a t e s t h a t t h e c h i e f po in t of 

i n t e r e s t in t h e d e v e l o p m e n t of Apus " i s t h e fact of t h e p r i m i 

t ive N a u p l i u s form b e c o m i n g g r a d u a l l y c o n v e r t e d wit bout a n y 

spec ia l m e t a m o r p h o s e s i n t o t he a d u l t c o n d i t i o n . " * T h i s fo rm, 

t o g e t h e r w i t h t he u a u p i i i of o t h e r c r u s t a c c a l i s a n d t h e s t u d y id' 

the l a rva l a n d a d u l t c h a r a c t e r s of t he t r i l o b i t e s . o u g h t to af

ford def in i te k n o w l e d g e of the c h a r a c t e r s possessed by t h e an 

c e s t r a l fo rms of t lie ( ' r 11 s a t e e n . 

He fore fart her e x a m i n i n g t he n a u p l i u s it m a y be well lo s t a t e 

t he ch a M e t e r s , w h i c h , oil t he g r o u n d s of com pa ra l i ve a n a loin v 

a n d p h y l o g e n y . a r e be l ieved to r ep re sen t i h c p r i m i t i v e a d u l t 

c r u s t a c e a n . Ii will lie seen t h a t . in m a n y r e s p e c t s , t he t r i l o b i t e 

*The adult Apus properly has five pairs of cephalic limbs. A sixth 
pair of appendages lias been correlated as inaxillipcdes. though from 
their innervation they seem to lie iiietastoinie and homologous with the 
ellilaria of IJninlns. 
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recalls th is t y p e but . as al ready suggested, is removed some 

distance from t he pro to type, alt hough in i tsel f a most p r i m i 

t ive cri istacea n. Lang2,1 gives a very comprehensive de

scr ip t ion of the racial for in.as fo l lows : " T h e o r i g i na l Crustace

an was an elongated an ima l , cons is t ing of numerous and 

to lerab ly homonouioi is segments. The head segment was fused 

w i t h the 4 subsequent t runk segments to form a cephal ic re

g ion , and car r ied a median f ron ta l eve. a pai r of s imple ante

r io r antenna' , a si ml pair of hi ramose antenna' and 3 pairs 

of hi ra i nose oral I i nibs, wh ich already served to sonic extent for 

t a k i n g food. From the poster ior cephal ic region proceeded an 

in teg i i ine i i tn l fold wh ich , as dorsal sh ie ld, covered a larger 

or smal ler por t ion of the t r unk . The t runk segments were 

each p rov ided w i t h one pair of biraniosc l imbs. Besides the 

median eye there were 2 f ron ta l sensory organs. The nervous 

system consisted of b ra in , icsopluigacl commissures and Seg

mental vent ra l chord , w i t h a don hi,i gang l ion for each segment 

and pa i r of l imbs. The heart was a long con t rac t i l e dorsal 

vessel w i t h numerous pairs of ostia scgnie l i ta l ly a r ranged. In 

the rac ia l form the sexes were separate, t i l l1 male w i t h a pair 

of testes, the female w i t h a pair of ovaries, hot h w i t h paired 

duets emerg ing ex te rna l l y at the bases of a pa i r of t r unk I i nibs. 

The excre to ry func t ion was carr ied on by at least 2 pairs of 

g lands, the anter io r pai r (an tenna l g lands) emerg ing at the 

base of the second pair of antenna1, the poster ior ( shell g lands) 

a t the base of the si ud pa i r of max i l la ' . The mid-gu t possi

bly had segmei i ta l ly arranged d i ve r t i cu la (hepat i c invag ina

t i ons ) . " 

The characters ascribed to the t yp i ca l naup l ius have been 

selected ma in ly on the p r inc ip le of general average. They do 

not sa t i s fy the theoret ical demands resu l t i ng f rom a compara

t ive morpho log ica l s tudy nor are they consistent w i t h the ac

cepted requirements of an ancestral type of the Crustacea. 

("laus"1 urges tha t the naup l ius is a modif ied or secondary lar

val f o rm, and the w r i t e r now hopes to fa r the r subs tan t ia te th is 

v iew, and pa r t l y to reconstruct the naup l ius f rom in te rna l ev i 

dence and f rom i ts more p r i m i t i v e representat ive, the protas

pis of the t r i l ob i tes . 

The usual fetaures a t t r i b u t e d to the naup l ius a r e : three 

pairs of appendages, a f te rwards f o r m i n g two pairs of antenna' 
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a n d t h e m a n d i b l e s : t he first p a i r is u n i r a u i o u s a n d s e n s o i v in 

f u n c t i o n ; t he second a n d t h i r d p a i r s a r c b i f a m o u s , swi m i n i n g 

a p p e n d a g e s : b o d y u s u a l l y u n s e g m e n t e d ; a n t e r i o r l y t h e r e is a 

s i n g l e m e d i a n eye . a n d a l a r g e l a b r u m . o r t i p p e r l i p ; a n a l i -

m e l i t r a y c a n a l bent a n t e r i o r l y , a n d e n d i n g in an a n u s n e a r t h e 

p o s t e r i o r end of t h e body : a d o r s a l sh ie ld : t h e s e c o n d p a i r of 

a n t e n n a 1 a r e i n n e r v a t e d from a s u b - i e s o p h a g e a l g a n g l i o n . 

F r o n t a l s ense o r g a n s a n d a r u d i m e n t a r y m e t a s t o n i n a r e s o m e 

t i m e s p r e s e n t . T h e t r u n k a n d a b d o m i n a l r e g i o n s a r e no t g e n 

e r a l l y d i f f e r e n t i a t e d . 

Ba l fou r 1 r e m a r k s of t he n a u p l i u s t h a t : "III most i n s t a n c e s 

it does not exactly c o n f o r m to t h e a b o v e t y p e , a n d t h e d i v e r 

g e n c e s a r e m o r e - c o n s i d e r a b l e in t h e P h y l l o p o d s t h a n in mos t 

o t h e r g r o u p s . " T h i s v a r i a t i o n is i n d e e d q u i t e m a r k e d a m o n g 

n e a r l y all t he g r o u p s bes ides t h e p h y l l o p o d s a n d f u r n i s h e s t h e 

fac t s for t h e c o n c l u s i o n , t h a t t he h c x a p o d o u s c o n d i t i o n is no t 

p r i m i t i v e . 

On p l a t e X a r e r e p r e s e n t e d some of t h e l e a d i n g t y p e s of 

n a u p l i u s s t r u c t u r e , t a k e n chiefly from t h e e x c e l l e n t c o m p i l a 

t ion by F a x o n . 2 1 B e a r i n g in mind t h e t y p i c a l a n d a v e r a g e 

c h a r a c t e r s of t h i s l a rva , some of t he v a r i a t i o n s wil l be br ief ly 

r e v i e w e d . 

T h e u n i i p l i u s of Apus. r e p r e s e n t e d in p l a t e X, f igure 2. 

s h o w s t h e r u d i m e n t s of live t r u n k s e g m e n t s , w h i c h in a l a t e r 

s t a g e ( f igu re 3 ) d e v e l o p p h y l l o p o d i f o r m a p p e n d a g e s b e l o n g i n g 

to s i x t h , s e v e n t h , a n d e i g h t h p a i r s of l i m b s . T h e y a r e t h e a n 

t e r i o r t r u n k a p p e n d a g e s a n d a p p e a r at a t i m e w h e n t h e f o u r t h 

c e p h a l i c p a i r is a mere r u d i m e n t w h i l e t h e fifth is e n t i r e l y u n 

d e v e l o p e d . T h e fou r th a n d tifth p a i r s id' head a p p e n d a g e s ev i 

d e n t l y mus t h a v e some e x i s t e n c e , t h o u g h u n d e v e l o p e d in t h e 

n a u p l i u s . T h e p h y s i c a l c o n d i t i o n s of n a u p l i u s Ii IV p r o b a b l y d o 

not r e q u i r e t h e m , a n d t h e y t h e r e f o r e r e m a i n for a t i m e q u i e s 

cent or u n d e v e l o p e d . 

In f igures 4. 5. 8. a n d Ii. r e s p e c t i v e l y , iif Hranfhipus. Arfcniia. 

l.eptotlora. a n d Limnuitla. t he first p a i r of a p p e n d a g e s b e c o m e s 

p r o g r e s s i v e l y s h o r t e n e d , u n t i l , in t he l a s t , t h e y a l m o s t d i s a p 

pear . Leptotlora ( f i gu re 8 ) a n d Lepitlnrits ( f i gu re 7 ) a l so h a v e 

r u d i m e n t a r y t r u n k s e g m e n t s a n d a p p e n d a g e s ( / / ) . F i g u r e s 9 a n d 

Id.of liu ph itia a n d .Vtiintt ( f rom su l a m e r e g g s ). s h o w h o w r u d i 

m e n t a r y t h e n a u p l i u s a p p e n d a g e s m a y b e c o m e w h e n t h i s s t a g e 
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is passed wit bin I he e g g . Even a in ore m a r k e d r e d u c t i o n is ex

h i b i t e d in I he e m b r y o s of /'aliemon a n d As/nens ( figures 25 a n d 

2(i) . t 'geltips is a very n o r m a l form, t h o u g h even he r e in a sec

ond n a u p l i u s s t a g e ( f igure 1 2 ). a fou r th p a i r of l i m b s is deve l 

o p e d . 

E x a m p l e s h a v e been c i t ed s h o w i n g t h e r e d u c t i o n a n d obso

lescence of t h e a n t e r i o r a n t e n n a ' , or first p a i r of n a u p l i u s l imbs , 

a n d some c a s e s will now be c i t ed in w h i c h t h e t h i r d p a i r a l so 

becomes r e d u c e d anil n i d i men t a r v. Aehtheres ( f i g u r e 14 ) a n d 

Mgsis (figure 22 ) a ll'ord i n s t a n c e s of t h i s v a r i a t i o n . T h e for

mer is of a d d i t i o n a l i n t e r e s t , a s s h o w i n g t h a t t he a p p e n d a g e s 

from t h e f o u r t h to t h e e i g h t h , m a y be d e v e l o p e d , w h i l e t h e t b i r d 

r e m a i n s q u i e s c e n t , a n d t hat t h e s econd pa i r , t y p i c a l l y hi ra mot is. 

is he re u n b r a n c h e d . S i m i l a r l y , in Mgsis. Sebalia ( f i gu re 19) , 

a n d e s p e c i a l l y in t'gpris ( f i gu re 18) . t h e n a u p l i u s l i m b s a r e 

s i m p l e . T h e e m b r y o of Lucifer ( f i gu re 24 ) a n d a l a t e n a u p l i u s 

s t i ige of Euphaiisia ( figure 2 1 ) a r e a l so of m o m e n t , in s h o w i n g 

the b e g i n n i n g s of t he m e t a s t o n i a {mi) w i t h t h e t w o m a x i l h e 

a n d first m a x i l l i p e d e s . 

It a p p e a r s from the f o r e g o i n g f ac t s , t h a t e n o u g h h a s been 

s h o w n to p r o v e t he m a r k e d v a r i a t i o n s in t h e n u m b e r a n d s t a t e 

of d e v e l o p m e n t of t h e n a u p l i u s a p p e n d a g e s , a n d to r e a c h t h e 

c o n c l u s i o n , t hat p o t e n t i a l l y five p a i r s of c e p h a l i c a p p e n d a g e s 

a r e p r e s e n t . T h e t w o p o s t e r i o r p a i r s a r e t h e ones u s u a l l y not 

d e v e l o p e d u n t i l a f t e r some of t he t r u n k l i m b s a p p e a r . V e r y 

s a t i s f a c t o r y e x p l a n a t i o n s h a v e been offered a s to w h y t h e first 

t h r e e p a i r s h a v e been se lec ted by t h e l a r v a , a l t h o u g h it d o e s not 

seem to h a v e been r e c o g n i z e d t h a t t he f o u r t h a n d fifth h a v e 

been more or less s u p p r e s s e d d u r i n g the e v o l u t i o n of t h e c l a s s . 

Lang ' - " ' a ccoun t s for t he t h r e e p a i r s of n a i i p l i a n l i m b s by s a y 

i n g t h a t : " I n a y o u n g l a rva w h i c h , l ike t h e Xtiitp/ins, is 

h a t c h e d e a r l y from the egg , o n l y a few of t he o r g a n s most nec

e s s a r y for i n d e p e n d e n t l i f e a n d i n d e p e n d e n t a c q u i s i t i o n of food 

c a n be d e v e l o p e d . T h e 3 most a n t e r i o r pa i rs of Ii n ibs , w h i c h 

se rve for s w i m m i n g m a y be d e s c r i b e d a s such most n e c e s s a r y 

o r g a n s . T h e t h i r d p a i r p e r h a p s b e l o n g s to t h i s c a t e g o r y , be

c a u s e a s m o u t h p a r t s , g e n e r a l l y p r o v i d e d w i t h m a s t i c a t o r y p ro 

cesses , t h e y se rve not on ly w i t n t he o t h e r s for l o c o m o t i o n , bu t 

a l so for c o n d u c t i n g food to t he ora l a p e r t u r e . " 

A n o t h e r po in t in favor of t h e o r i g i n a l p e i i l a n i e r o u s c o i n p o s i -
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t ion of t he c e p h a l i c port ion of I he n a u p l i u s or p r o t o n a i i p l i u s is 

t he d o r s a l sh ie ld w h i c h is p resen t in m a n y fo rms , a n d is c o n s i d 

e red ( ride B e r n a r d " ) as a d o r s a l fold of t he lift Ii s e g m e n t . So 

t h a t in r e v i e w i n g t h e n a u p l i u s s t r u c t u r e s , wc find here a n d 

t h e r e e v i d e n c e s of t he e n t i r e se r ies of h e a d s e g m e n t s . 

Now. s ince t h e p r o t a s p i s fulfils t h e r q u i r c m c n t s by h a v i n g 

live w e l l - d e v e l o p e d c e p h a l i c s e g m e n t s , a n d is b e s i d e s t h e oldest . 

c r u s t a c e a n l a rva k n o w n , it is be l ieved t h a t , in so far . at leas t , it 

r e p r e s e n t s t he p r i m i t i v e a n c e s t r a l l a rva l form for t he c l a s s . 

T h e n a u p l i u s . t here fore, is to be c o n s i d e r e d as a d e r i v e d la rva 

modif ied by a d a p t a t ion. 

O t h e r v a r i a t i o n s in t h e c h a r a c t e r s of t he n a u p l i u s o c c u r , but 

a s t h e y h a v e c l e a r l y o r i g i n a t e d (a) from t h e p a r a s i t i c h a b i t s of 

t he a d u l t , ( / ' ) from e m b r y o n i c c o n d i t i o n s , or (<• ) from e a r l i e r 

i n h e r i t a n c e , t h e y need not e n t e r i n t o c o n s i d e r a t i o n he re . S u c h . 

for e x a m p l e , a r c (a) t h e a b s e n c e of an i n t e s t i n e in Sarcii/ino. 

(b) t h e a b s e n c e of t he m e d i a n eye ill Dnphnia a n d Mnititi, a n d 

('•) t he b i v a l v e shell in ('ypris. T h e l a rva l s t a g e s of o t h e r , a n d 

e s p e c i a l l y l a t e r a n d h i g h e r g r o u p s of a r t h r o p o d s , offer more 

c o n s i d e r a b l e d i f f e rences a n d need not e n t e r i n t o t h i s d i s c u s 

s ion , w h i c h is a i m e d chiefly to e s t a b l i s h t he g e n e t i c r e l a t i o n s h i p 

b e t w e e n the p r o t a s p i s of t r i l o b i t e s a n d t h e n a u p l i u s of re

c e n t ( ' r u s t a c e a . 
V I I I . StJIMAKV. 

B a r r a n d e first d e m o n s t r a t e d t h e m e t a m o r p h o s e s of t r i l o b i t e s 

in 1849. a n d r e c o g n i z e d four o r d e r s of d e v e l o p m e n t , w h i c h 

a r e now s h o w n to be s t a g e s of g r o w t h of a s i n g l e l a rva l fo rm. 

A c o m m o n e a r l y l a rva l form is r e c o g n i z e d a m i c a l l e d t he 

protaspis. 

T h e p r o t a s p i s has a d o r s a l sh i e ld , a c e p h a l i c p o r t i o n c o m 

posed of five fused s e g m e n t s a n d a p y g i d i a l p o r t i o n c o n s i s t 

i n g of t he a n a l s e g m e n t w i t h one or more fused s e g m e n t s . 

T h e s imp le s t p r o t a s p i s s t a g e is f o u n d in t h e ( ' a m b r i a n g e n 

e ra of t r i l o b i t e s . D u r i n g l a t e r g e o l o g i c a l t i m e it a c q u i r e d 

a d d i t i o n a l c h a r a c t e r s by e a r l i e r i n h e r i t a n c e a n d b e c a m e mod

ified, t h o u g h r e t a i n i n g i t s p e n t a n i e r o u s g l a b e l l a a n d s m a l l a b 

d o m i n a l p o r t i o n . 

S o m e of t h e s e a c q u i r e d c h a r a c t e r s of t h e d o r s a l s h i e i d a r e 

t he f r ee - cheeks , t h e eyes , t h e e y e - l i n e , t h e g c n a l a n g l e s a n d 

t h e o r n a m e n t s of the t e s t . T h e f r ee - checks a n d e y e s moved 

to t h e d o r s u m from the ve i i t r u in . 
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T h e h i s t o r y of t he a c q u i r e d c h a r a c t e r s is t r a c e d by m e a n s 

of c o m p a r i s o n s be tween l a rva l a n d a d u l t t r i l o b i t e s . t h r o u g h 

pa leozo ic t i m e , a n d a p r o g r e s s i v e se r ies of l a r v a l f o r m s e s t a b 

l i shed in e x a c t c o r r e l a t i o n w i t h a d u l t f o rms , w h i c h t h e m 

selves c o n s t i t u t e a p r o g r e s s i v e se r ies , c h r o n o l o g i c a l l y a n d 

s t r u c t u r a l l y . 

T h e a n t i q u i t y of t r i l o b i t e s is i n d i c a t e d by t h e i r r e m a i n s in 

the o ldes t Pa l eozo i c r o c k s , a n d e s p e c i a l l y by t he fact t h a t in 

t he e a r l v ( ' a m b r i a n t h e y a r e a l r e a d y m u c h s p e c i a l i z e d a n d dif

f e r e n t i a t e d in n u m b e r of g e n e r a . T h e a g e id' t he t r i l o b i t e or 

c r u s t a c e a n p h y l u m is f u r t h e r s h o w n from the d i s t i n c t l a rva l 

s t a g e s of t r i l o b i t e s a n d t h e i r h a v i n g a h e a d a n d p y g i d i u m of 

c o n s o l i d a t e d s e g m e n t s . 

S i n c e t he t r i l o b i t e s a r e a m o n g t h e o ldes t a n d most g e n e r a l 

ized of C r u s t a c e a , t h e i r o n t o g e n y is of c o n s i d e r a b l e i m p o r t 

a n c e in i n t e r p r e t i n g c r u s t a c e a n p h y l o g e n y . 

T h e p r o t a s p i s in i t s s e g m e n t a t i o n s h o w s t h a t t he c e p h a l o n 

h a d five p a i r s of a p p e n d a g e s a s in t h e a d u l t . 

T h e c r u s t a c e a n n a u p l i u s is s h o w n to be h o m o l o g o u s w i t h 

t h e p r o t a s p i s a n d t o h a v e p o t e n t i a l l y live c e p h a l i c s e g m e n t s 

b e a r i n g a p p e n d a g e s , w h i c h s h o u l d t h e r e f o r e be t a k e n a s c h a r 

a c t e r i s t i c of a p r o t o n a i i p l i u s . 

T h e n a u p l i u s is a modif ied c r u s t a c e a n l a r v a . T h e p r o t a s p i s 

more n e a r l y r e p r e s e n t s t h e p r i m i t i v e a n c e s t r a l l a rva l form for 

the c l a s s , a n d a p p r o x i m a t e s t h e p r o t o n a i i p l i u s . 
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X. E X P L A N A T I O N OF P L A T E S . 

PLATE V I I I . 

Fiui'UE I. Solenoplettra eohbi H a r t t : after Matthew. Anaprotaspis 
stage: showing obscurely annulated axis. x3l). St . John group, ( 'am
brian. New Brunswick. 

Fioi'KK "2. Liostracns tnianijuiitliniiits Hartt : after Matthew. Ana. 
protaspis stage : the neck lobe is the only one distinctly marked, x23. 
Cambrian, New Brunswick. 

Fioi'liK .'!. Ptgeho/tariti linuarssmti Waleot t : after Mat thew. Ana 
protaspis stage : axis slender, slightly annu la ted : pygidium defined by 
transverse furrow. x.'lO. Cambrian. New Brunswick. 

Fioi'KK 4. I'igehoparia tinnarssoni Waleo t t : after Matthew. Pro 
taspis representing a later moult than the preceding, and showing 
stronger annulations on the axis, with an additional one on the pygidi 
um. x25. Cambrian, New Brunswick. 

Fioi'KK ">. I'tgchoparia kintji Meek. Anaprotaspis or early s tage ; 
showing obscurely defined characters, partly due to the fact that flic 
specimen is a cast. x4.*>. Cambrian, Nevada. 

Fltil'KR II. I'tgchoparia kintji Meek. A later stage I meta protaspis.); 
showing the strongly annulated axis, the eye-line, the free-cheeks in 
eluding the genal angles, and two segments on the pygidium. x45. 
( 'ambrian, Nevada. 

Fioi'iiF. 7. Vtijehoparia kintji Meek : after Waleott . An adult spec 
imen. This and the other figures of adult individuals are represented 
in outline, with the free-cheeks shaded, to bring out more strongly the 
changes in the s t ructure of the cephalon. x1.,. (. 'ambrian. Utah. 

Fun:HK 8. Sat, lu'rsttto. Bar rande : after Barrande. Anaprotaspis 
s t a g e : showing obscurely the limits of the pygidium. the eye-line, and 
the nearly cylindrical glabellar axis, expanding on the frontal margin. 
This and the two following specimens are preserved as easts. . x30. Cam 
brian. Bohemia. 



191 The American I'»'ftt/uyist', September. iyi.*» 

F I I . I U K 9. Sun liiistila Barrande: after Barrande. A later moult, 

probably near the end of the metaprotaspis stage: showing the aiinu 

lated axis expanded in front : free cheeks narrow and marginal : pygidi 

urn of four segments, with pleura dist inctly marked and grooved, x.'to. 

( 'ambrian. liolicmia. 

FiolKK Id. San /tirsiila Barrande: after Barrande. A more ad 

vanccd stage at or after the close of the paraprofaspis. in which the 

pygidium is complete, but before the first free thoracic segment is de 

veloped. X'.iU. ( 'ambrian. liolicmia. 

Fi i .r i . ' i : 11. Sat, hiesiila liarrande. An adult individual combining 

1 lie characters as shown in several of Barrandc's figures of this species, 

x'o. ( 'ambrian. Bohemia. 

F I I U ' U K 12. Triarthrus becki Oreen. Anaprotaspis: showing the 

annulated axis, terminating before reaching the anterior margin: the 

eve lines extending from the first segment to the marginal eye lobes : 

pygidium defined by a slight groove, and including two segments of the 

axis. x45. Ordovician. l ' t ica Slate, near Rome, New York. 

FnuUF. l.'i. Triarthrus becki (ireen. Protaspis at a later mou l t : 

showing slight increase ill size and the addition of a segment to the 

pygidium. x4">. L'tica Slate near Rome. New York. 

FiolKK 14. Tr it lit hr us becki (ireen. An adult individual of this 

species, x1-.. Dtica Slate. New York. 

PLATE IX. 

Fu.i KK 1. Aeiilaspis tnberentata Conrad. Anaprotaspis: showing 

denticulate margin and spines on cephalon: axis strongly annulated : 

eyes subinarginal. x"20. Lower Helderberg. Albany Co.. New York. 

F ior i iE 2. The same : profile, sl ightly obliipie. x2(>. 

F K U U E 3. Aeiilaspis liilicicnlata Conrad. An adult individual, re 

stored from fragments and an entire enrolled specimen. Natural size, 

bower Helderberg. Albany Co.. New York. 

Fioi'KK 4. Art/es rtiiisaiiijiiiiietts Clarke. Dorsal view of a larva at 

or after the close of the paraprofaspis stage: showing the form and or 

namentation. x20. Lower Helderberg. Albany Co., New York. 

F io iKEo . I'roettts parrinseiilns Hal l . Anaprotaspis: showing 

strongly annulated axis, with grove at each side: large prominent an 

tenor eyes: pygidialpleura indicated by faint grooves. x45. Ordovician. 

l ' t ica Slate, near Rome. New York. 

Fioi'KK (>. I'roettts par rin sen I us Hal l . A later moult, near the close 

of the paraprofaspis stage: showing the larger pygidium which, how 

ever, is sti l l incomplete, and the slight backward movement of the eyes. 

The right side of the specimen is restored. x45. Ordovician. Utica 

Slate, near Rome. New York. 

Fioi'KK 7. I'roettts parriiisenlns Hal l . An adult individual. x"2 

Ordovician, Utica Slate, near Rome, New York. 

F I O I ' K K 8. Dalmanites soeialis Barrande: after Barrande. Anapi'o 

taspis stage: showing the large strongly annulated axis: the prominent 

anterior marginal eyes: inueronate genal angles: pygidium of three seg 

merits. x.'lO. 
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Florin-: 9. Ihtliuaiiiles sncialis Barrande: alter Barrande. Mcta 
protaspis s t age : showing the stronger definition of the pleura of the 
pygidium. x31l, Ordovician. Bohemia. 

Fioi'KK 10. Ihtltiittnilcs sncialis Barrande: after Barrande. The 
specimen probably represents the close of the paraprofaspis stage, and 
shows four segments in the pygidium and the first evidence of the 
backward movement of the eyes, which now indent the margin, x.'fd. 
< )rdo\ ieian. Bohemia. 

Fioi'KK 11. Ilaliiutitiffs siieialis Barrande: after Barrande. Outline 
of an adult individual, s',. Ordovician. Bohemia. 

PLATE X. 

The Roman numerals indicate the appendages ill their consecutive 
order. 

I. 1st pair of appendages, or anteiinules. 
II . id pair of appendages, or antenna' . 
I I I . 3d pair of appendages, or mandibles. 
IV. V. etc. . maxilla', maxillipeds. swimming feet. etc. 
llrl. unpaired eye : tie. paired eyes: lb. labruin. 
FiorKK 1. Triarthrus becki. A restoration of the ventral side of the 

protaspis stage in accordance with the best evidence at present attain 
able, as explained in the text. The Vltll and the V l l t h pairs of ap
pendages belong to the abdomen, which is marked off by a transverse 
line: tut, inetastoma : tj. free-cheeks. 

FIOI 'KK 2. Apus eaiteriforiliis : after Clans (from Fa.xoni. I'hgllo-
pot/a. Nauplius larva, just ha t ched : ventral side. Behind the tnandi 
bles III II are indications of five thoracic somites. //. 

Fioi'KK 3. Apus eaiteriforiliis : after Clans (from Faxon). I'ltyllo-
pntlii. Second larval stage (metanauplius): ventral side. Thesecond max
illa. V. is w a n t i n g : / , frontal sense organs. 

Fioi'KK 4. Braiiehipns staijnttlis : after Clans (from Packard). 
I'ltj/llopotltt. Nauplius stage. 

Fio I K E 5. Arteiitia tjracilis: after Packard. I'hi/1 Input la. Nauplius 
s tage : showing obscure segmentation. 

FIOI 'KK (i. Liniitaidti hernia it ni: after Lereboullet (from Packard i. 
1'hyllopoil.u. Naupl ius : dorsal side : first pair of appendages obsoles
cent : labrutn, lb. greatly developed. 

Fioi'KK 7. Lepitlttrils proiluctus; after Brauer (from Bernard). 
I'hgllopotltt, Nauplius with obscure segmentation of the t runk, tj. 

Fioi'KK 8. I."p\ntlura hualiua : after Sars (from Balfour and Bronni. 
I'lii/llnpiitla. < 'lailoeera. Nauplius larva from winter e g g : y, rudimen
tary feet. 

Fioi'KK 9. l>upituia lontjisja'na: after Dohrn (from Claus). Plnjllo 
poda, t 'lailoeera. Nauplius stage of embryo, with rudimentary append 
ages. 

Fioi'KK 10. Moiini reetirostris: after Orobben (from Faxon). I'hyllo 
potla, (.'huloeera. Embryo from the summer egg in the nauplius 
stage, developed in the brood-cavity of the parent : appendages rudi
mentary. 
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FIGURE: 11. Cyclops tc unicorn is; after Glaus (from Balfour). Cope 
potltt, Nafaiifia. Nauplius. first stage. This and the next are the origi
nal forms described as Xa it pi ins, by O. F . Midler, and believed at that 
time to be adult . 

FIIIURK 12. Cyclops te unicorn is: after Clans (from Balfour). Cope 
I,tnta, Ntttaiitia. Nauplius. second s tage : IV. niaxillia-. 

FIOUKK 13. Cetochiltis septeiitrionalis; after Orobben (from Faxon). 
Cojit'poda, Natuntiu. Nauplius, just hatched : ventral view. 

Fioi'KK 14. Achtht'it's pcrcttriiiu : after (Mails (from Faxon). Cope 
gotta,Parasitica. Larva at the time it leaves the egg, with only two an 
terior unbranched pairs of appendages of the typical nauplius present. 
Under the skin are the rudiments of six pairs of appendages : I I I . man 
dibles : IV, maxilla-: V. VI. maxilla*: V I I . V I I I . swimming feet. 

FIGURE: 15. Balauns hula unities; after Hock (from Faxon). Cirri 
ped.i.a. Nauplius. 

FiGUBE 10. l.efniciliseus porciilmuc; after F. Midler (from Faxon). 
Cirrigedia, lilt izoce glut la. Nauplius. ventral s ide : showing outline of 
dorsal shield. 

FIGURE: 17. Stiecttliiia- purpurea: after F. Milller (from Huxley and 
Balfour). Cirripei/ia, lihizocepltaltt. 

FIGURE: 18. t'gpris oi'iiui: after Clans (from Faxon). Ostrticoila. 
First larval (nauplius) stage, with bivalve shell and unbranched second 
and third pairs of appendages. 

F I G U R E 19. Nebalia t/eofl'rot/i: after Metschnikoff (from Faxon). 
Leptostraca. Side view of the so called nauplius stage of the embryo 
within the egg. Rudiments are present of the two pairs of antenna-, I, 
11, the mandibles. I I I . 

F I G U R E 20. Knphatisia: after Metschnikoff ifrom Faxon). Scltizo-
poda. Nauplius. just hatched. 

F I G U R E 21. Knghaitsia: after Metschnikoff lfrom Faxon). Scltizo 
poda. Nauplius at a later stage : ventral view : tut, metastoma : IV. V, 
maxilla*: VI , maxilliped. In the next, or Protozoen. stage, the append
ages, IV. V. VI . are true phyllopodiform feet. 

F I G U R E 22. Mgsis ferriap'tiea: after Van Beneden I from Faxon ). 
Scltizopotla. Nauplius like embryo : side view. The appendages are 
unsegmented. and the third pair quite rudimentary. A number of later 
metamorphoses are undergone in the nauplius skin, until the full num
ber of appendages is developed. 

F I G U R E 23. Pencils: after F . Milller (from Faxoni. Decapoda. Mac 
roitra. Naupl ius : from dorsal side. 

F I G U R E 2 4 . Lucifer: after Brooks I from Faxon). Heat poda. Macron ra. 
Ventral view of embryo artificially removed from the e g g : IV, V, VI , 
buds representing the two pairs of maxilla- and first pair of maxillipeds 
of the adul t . 

FlouRE 25. Palaiunu: after Bobretzky (from Faxoni. Decitpoi/a. 
Macronra. Nauplius stage of embryo within the egg. 

FIGURE: 20. Astticus flnriatilis: after Reichenbacb (from Faxoni. 
Decapoda. Macronra. Nauplius stage of embryo. 
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Fioi'KK 27. Liiunliis poli/jilieinits : after Kingsley. Xijiliosnru Ven 
tral view of embryo: showing the budding of the legs. 

FIGURE: 28. Limulus golyplientiis; after Packard (from Balfour i. 
Xipliotnra. Ventral view of embryo in t h e e g g : showing the rudiments 
of six pairs of legs : in. mouth. 

F I G U R E 29. Limulus polyphcmus; after Packard l from Balfour.). 
Xiplttisnra. Oblique side view of embryo, with the mouth and rudimen 
tary limbs on the ventral plate. 

The figures of embryonic Limulus are introduced for comparison. 
They are so different from the nauplius that detailed notice seems un 
necessary. 


