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IN November, 1851, the late Dr. Leidy published, in the Proceedings 
of the Academy of Natural Sciences of Philadelphia, a notioe of "whnt 
I suspect to be the ccencecium of a new genus of Polyzoa; although I 
have never been able to detect the polypides if such exist." He gives 
three figures of the "ccencecium," conaisting of a seriea of urn-ahaped 
segments placed so that tbe base of one segment rests on the mouth of 
its proximal neighbor. To this new· genus he gives tbe name Urna-' 
teIla, with a genus diagnosis, which three years later ('54, p. 191), after 
discovery of tbe polypide, was revised to read as follows: "Crencecium 
consisting of a aeries of segments up to eighteen in number, and forming 
frea, semi-erect, curved sterns, attacbed only by tbe base of the lowest 
segment. Segments excepting tbe tbree last ones simple, luniform; tbe 
antepenultimate and tbe pen111timate oblong, with simple or compound 
brauches of tbe same form; tbe last segment or active polyp ia campauu
late, and is supplied with cylindrical, ciliated arms arrauged in a circle 
around the mouth." He finds tbat several stems arise from a common 
base. 'l'here are fourteeI} tentacles. 

In 1856 AUffiau (pp. 117-119) referred to tbe discovery of Leidy, and 
published a pencH sketch of Urnatella furnished by Leidy. Tbis is tbe 
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first published drawing of the calyx and yonug branohes. Allman was 
inclined to refer this genus to the Pedicellinidre. 

In 1870 Leidy recorded further observations on Urnatella, and in 1884 
he published in a thin quarta, with a single plate, everything whieh he 
had found out abont its anatomy and physiology. The main points of 
these papers will be brought out in connection with the organs to whieh 
they refer. 

Finally, Mr. Edward Potts, in a note to one of the editors of the 
American Naturalist (April, 1891), states that he has stlcoeeded [as did 
Leidy] in obtaining in the spring rejnvenated heads from the headless 
stems of Urnatella gathered the preceding fall. 

Various writers have called attention to the imperfectiol1s in our 
knowledge of this aberrant form. Ehlers ('90) has made nmny sugges
tions concel'ning thc al1at.omy of Urnatella, which, being pnrely hypo
thetical, reqnire to be settled byobservation. Leidy himselfwas impressed 
with the impol'tance of a bettel' knowledge, and .he had intended, he says 
('84, p. 6), to make a thorough investigation of it. " Other oconpations, 
und the want of a ready snpply of the necessary material, have prevented 
my intention, und I am now led to communicate what I haye leurned of 
the animal with the view that same of my younger countrymen und 
co-laborers, nndel' more favorable circ.nmstances, may be induced to do 
wbat I bad hoped und wished ta do." Ta supplement the work of Pro
fessor Leidy is tbe object of the present paper, which has been largely 
inspired by his. 

In 1884 Leidy remarked upon the absence ofUrnatellafl'om its former 
l}!tUnts. Apparently nothing had been seen of it since that time, nntil, in 
1889, I opened c.orrespondence with Mr. Edward Potts of Phi1adelphia. 
upon the subjec.t. In the summer of 1890 MI'. Potts and I thol'oughly 
examined the waters of the Schuylkill River, both above and below the 
Fairmount da.m, but without finding any tmce of Urnatel1a. In Septem
her, 1891, MI'. Potts found many stoclts in the bed of the temporarily 
emptied Schuylldll Cana.l, below Fla.t Rock dam, und kindly fOl'warded 
soma of these, living, to me at Cambridge. In July, 1892, MI'. Potts 
und I re-examined in vll;in the Sc.buylkill Riyer at Fairmount dam, und 
finally, on July 4, made dredgings i.n tbe Schuylkill at Flat Rock dam, 
near Shawmont Station, Pennsylvania. We found no trace of Ul'natella 
in the quiet waters aboye the dam, but in the turbulent waters im
mediately below tbe overflowalmost every stone bronght from the bot
tom bore stocks, al1d same were almost completely covered Oll aue face 
with luxuriant growths. One barrel-haop dredged from tlle mud was 
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completely covered with headless sterns. As mauy stones as we could 
carry were packed in moist paper or in jars, aud trallsported safely 
several mHes. A few days later, stones with living stocks of Urnatalla 
and parts of the barrel-hoop with headless sterns were transported in a 
pail of water to Cambridge. Upon arrival at Cambridge it was fOUlld 
tbat nearlya11 the heads had dropped off. The stocks were kept in 
rUllning water for tbree months, during which time those which had lost 
their calyces did not regenerate them; whereas the stocks on the ha1'1'e1-
hoop did regenerate their heads, hut did not bud very luxuriantly. 

I cannot close this introduction without expressing thallks to my 
fdend :JYIr. Potts, who, filled with love for the Baionce, has ullselfishly 
supplied me with material, bospitahly received me into his household 
du ring my stay in Pennsylvania, and worked wüh me bcyond his 
strength in our dl'edging operations on the Schuylkill in order to further 
a study of this animal. 

The later studies inclnded in this paper were made in the Emhryo
logical Laboratory, uuder the direction of Dr. E. L. Mark. 

I propose to descrihe first the anatorny of the adult, and, in the second 
place, the non-sex.ual reprodnction aud regeneration, so fa~' as I bave 
been ahle to cletermine them. In each section of the paper I shall give 
first my own observations on Urllatella; secondly, compare them with 
those of others on Urllatella 01' other Elldoprocta; and, finally, give my 
conclusions upon or interpretation. ofany difficult points. 

H. AN ATOMY. 

For the purposes of description we must distinguish the stalk and 
thc calyx.. 

1. Tl~e Stalk. 

The stalle is an elongated, filamentous structure, composed of a 
nnmber of segments, lying oue beyond the other. The numher of such 
segments varies from one to severa1, nccording to the age of the stalk. 
Leidy counted as many as eighteen. I have nover counted more. 
Looked at with a hand lens, tbe stem is seen to be composed of alter
nating translucent and opaque rings, of which the former occupy the 
middle zone of each segment; the latter have a11 intersegmental position. 
The surface of the stalk in the transluceut zone is thrown into circular . 
folds, and sman processes appeal' scattered over its surface, more abun
dantlyon the more distal segments (Plate I. Fig. 6). 
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An optical longitudinal section of tbe living stalk (Plate L Fig. 7) 
shows that it consists of a thick cuticula, witbin which is a mass of ill
defined tissue. The cuticula is thicker and more opaque in tbe basal 
segments, tbinner aud more transparent in tbe distalones. Each of the 
basal segments often contains a mass of globular, highly l;efractive bodies, 
whicb may bo forced out from tbe segment by crushing the latter (Plate 
1. Figs. 4, 5). Isolated by this rueans they are seen to be of the most 
val'ied size, und to resemble yolk spbernles. Besides these granules, one 
finds lying neal' the cuticula in a11 but the oldest segments a fibl'illated 
layer consisting of elongated, spindle-sbaped, bighly granular cells in the 
midst of tbo yolk spherules (Plate L Fig. 7), and, finally, one 01' sevel'al 
flickering bodies reminding one by their motion of the cirri 1 of flame 
ceHs. In the dark zones optical sections reveal indications of a trallsverse 
septum. 

A more accurate insight into the histological structures ia gailled 
from thin sections of the stalle 

The cuticula appears in two conditions, which are not sharply separated, 
but pass iuto each other tbrough intermediate conditions. The one 
kind (Plate I. Fig. 4, eta.) OCCUl'S in the middle zone of each segment. 
It is transparent and flexible, and becomes thicker in passing from the 
distal to the proximal segments. It stains in hromatoxylin, and is then 
seen to be composed of laminoo, for it appears in sectiol1. distinctly 
striated (PIate 1. Fig. 4; Plate H. Fig. 16). The other kind of cuticula 
occurs chiefly at the COllstrictiollS between segments, but it extends over 
tbe two ends of the segments also, and even over the middle zones of 
the segments, as an outer cuticula (Plate H. Fig. 8, eta'.). It fOrITIs, 
moreover, tbe septa between adjacent segments. It does not stain in 
hffimatoxylin, is more highly refractive than the first kind, und has a 
yellowish color by transmitted light. Where it passes over into the first 
mentioned kind of cuticula, it becomes distinctly striated, and gradually 
loses its specific characters, gaining those of the first kind, of which it is 
probably only a modification. It 1S the presence of these two kinds of 
cuticula that causea the snperficial appearance of alternating light and 
dark zones on the stem. These two kinds of cuticula do not correspond 
to the inner und onter cuticulas which Ehlers ('90, pp. 16, 17) describes 
for Ascopodaria. Two layers withthe characters of those of Ehlers ap
peal' not to exiat in Ul'l1atel1a. 

The eetodenn (PInte IL Figs. 11, 10, 16) diminishes in thickness from 

1 I employ the word .. cirrus" in the sense in which it is used by Bütschli 
for Ciliata (cf. Bronn's Thierreich, Protozoa, p. 1324). 
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the distal end of the stalk, where it is a layer of euboidal eeHs, to tl1e 
base, where its ceUs are extremely fiattened, so that the layer 1S hardly 
distinguishable. Even near the base of the stalk, however, the ectoderm 
is a relatively thick layer on each of the surfaces of the transverse septa. 

The axial pmotion of the stalk presents very interestiug histological 
eonditions. In a young individual whose stalk cOlllprises a single seg
ment only (Plate 11. Fig. 15) the axial portion eontains a closely packed 
mass of eeUs, which stain deeply, eontain few vacuoles, and are slightly 
elongated in the direction of the axis of the stalk. At a later stage oue 
finds the plasma of some of these cells undergoing a metamorphosis. 
Such cells appear filled bya vacuole iu which lie numerous highly ro
fmctive granules. A little Iater aU of the axial ceUs have become greatly 
elongated in correspondence with the elongation of the stalk. lvIany of 
them appear almost eompletely vacl1olated. A cross section of the stalk 
at such a stage of development is shown in PInte Ir. Figura 9, wbere the 
eentre is filied with a network of eell boundl1l'ics enclosing elear spaces. 
This condition is very striking in longitudinal sections tbrongh thc re
gion of the septum, where the long vacuolated eells may bc seen extend
ing from one segment into the other. 

According to Ehiers ('90, pp. 18-22), the stolon of Ascopodal'ia shows 
a condition of the axial portion similar to that here described; but in 
the stall.:s which snpport the calyces there is a eonsiderable amount of 
intercellular substance, and I find the same thing in Pedicellina. In 
Urnatclla, on the contrary, such intercellular substance appeal's only in 
the oldel' stalks. 

The musculature of tbe adult stalk is situated immediately within the 
entoderm, and is found in aU segments rnnning from one septum to tbe 
other. On cross section of tbe stalk it appears as a ciecle of radially 
eiongated, bighly refractive bodies, placed elose to the ectoderm (Plate 
11. Fig .. 9, mu). Each eiongated body has, at a eertain focus, a darker 
periphery and a lighter central line. 1Vith tbe highest powers the darker 
pel'ipbery can be resolved into a single row of bodies, which appeal' as 
bright spots at thc highest, as dark spots at tbe Iowest foeus (PInte H. 
Fig. 16, mu). These I interpret as fibrilloo. 

The fibrilloo develop in the protoplasm of thc axial cells. In their 
earliest stnges one sees them forming a single row,on the outer edges of 
the more peripheral cells (Plate II. Fig. 17, mu). Later theyare formed 
on the two lateral edges also (Fig. 11). Additional lateral (01', in rela
tion to the stalk, radial) rows of ßbril100 are next formediu each cell, 
the new rows appearing nearer the celltre of the eell tbau t.hose aheady 
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formed (Fig. 10). Finally, in the adult, the nuclens of the ce11, which 
hus beeIl pushed centripetad by the multiplication of fibrillrn, comes to 
lie opposite several pairs of radial rows Ol" sbeets of fibrillrn. These 
sheets always aocnr in pairs, the components of tbe pairs being separated 
by a narrow cleal" space, and the pairs by broader spaces. 

As I have said, this musculature occurs throughout t.hc entire stalk up 
to tbe base of the calyx (Plate UI. Fig. 19, rnu.). I do not understand 
on what gronnd Ehlers states ('90, p. 146) tbat in Urnatella "der 
:ßtIuskelmantel in den gleichmässig di()ken Stengelgliedern nicht deren 

ganze Länge erfüllt." 
'l'here is a considerable difference between my description of thc stl'UC

tm'es of the musc1e fibres aud that of Eblers ('90, pp. 25-28) for Asco
podaria. In the latter case, tbe museIe cells are placed three to five ' 
deep, iustead of in oue peripberal series, as in Ul'natella. Moreover, in 
Ascopodaria tbe fibrillre lie in two thiok peripberal bands Oll the sides 
of eaeh museie ceU; whereas in Urnatella several museIe bands (each 
consisting of ß, single row of fibrillre) belang to each cello 

The differences between the two genera are easilyexplained by assum
iug an increase in the llumbel' of muscle cells in Ascopodllria, so tImt 
they call no langer lie in a single peripheral series, and that the fibrillro 
bands have become gl'eatly crowded tagether, so that one band is not 
equivalent to a single band of Urnatella, but to an of tbe bands of Urna
telln. w11ic11 have Ul'isen Oll one side of the cell. The stalk musculature 
of Ascopodaria is tbus more highly developed than that of Ul'natel111. 

Ehlers melltions the resemblance betweell (he Uluscle fibres of Ascopo
dariaand tbose of Nematodes, especially the Crelomyaria, 

I have referred above to vibratile movements in tbe living .stalk. 
Staillcd sections show, placed more 01' less abnndantly througbout the 
stalk, elongated spaces terminating blindly at one end in struetures 
which must be regarded as flame cells (Plate II. Fig. 12, cl. jlnz.). 
Sucb a flame cell is spherical in form, stains slightly, possesses a large 
nucleus, and gives off' into' the elongated space cl. tb. the weIl kllOWll 

cin-us (Winzperjlanzme). 
The form of the cirrus in all cases examined was conieal, the axis 

of tbe cone being nsnally thrown iuto a sigmoid curve. \Vhere the 
ein'us arises from the ce11, it is slightly constricted, then enlarges sud
denly, forming a thiekened ring. Distal of tbis ring the cirrus tapcrs 
gradually to a fine point. That the cirrus ia composed of I1number of 
agglutinated cilia isindicated by the presence of longitudinal striro. I 
believe that the flame cel1 closes thC? lumen of the tubule at this point. 
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COlleerlling the space into whieh the free end of the cirrus projects I 
ean only cOllclude, from comparison with other eases where a flame eell 
oceurs, that this must repl'esent tbe lumen of an excretory tubule. I 
have not, however, been able in any instance to trace an individual 
tubule to any eOllsiderable distanee, 01' until it opens into any other 
organ. One thing 8eems fairly certain, there is no mOl'phological differ
enee between tbose elongated cleal' spaces iuto which tbe cirri project 
and the elongated vacnolated eells to ,ybich refß!.·enee has already been 
made. I am therefore inclined to regard it asprobable that theyare 
one and the same thing. Tbe vacuolated cells are developedby the 
breaking down. of the plasma of the elongated ceUs of the young stalk. 
Before the metamorphosis is eompleted, one finds ceUs fil1ed with clear 
contents, in which lie scattered granules (Plate H. Fig. 15, cl. tb. left). 
Finally, even these seem to disappear (Fig. 15, cl. tb. right). Since 
the tubules agree in size with these elol1gated, later vacuolated cells, 
I conolude that their lumina are intracellular. Since the so co.lIed 
vacuolated ceUs - many of which at least are, according to my view, 
tubules - pass nninterruptedly from one segment to tbe next through 
the central opening of tbe septa, there lllay easily exist continuous 
tubules running from tbe basal segments into the calyx. 

The only excretol'y tubnies which have been heretofore mentioned as 
oecurring in Endoprocta are the pair whieh He in the calyx and open 
in to the atrium between mouth and reetum. Farther on, I shaH 
have occasion to inquire into the probable significance of the facts here 
recorded. 

In specimens of Urnatella gathered in the fall and examined while 
living, I found the basal segments filled with yolk gran nIes (PIate I. 
Ifig. 4). Even in stocks collected in July, tbe basal segments contained 
a greater 01' less nmoullt of yolk. In passing from the distal towards 
the proximal end of tbe stalk, one can trace the developmeut of this 
yoIk, and since this is a matter of some general interest I have paid a 
little attention to it. 

If wa examinG one of the middlo segments of a stem whose basal 
segment 1S fuil of large yolk spherules, we sha11 find reserve stuff form
ing in some of tbe elongated cells. It app~ars as a fine granulation 
throughout the whole eeU, except immediately surrotlnding the nueleus 
(Plate H. Fig. 13). Not an of the cells appeal' thus granular, for 
others are at tbis stage vacuolated. Still later (Fig. 14) many of 
the fine grannies appeal' to bave fused into larger ones, and these are 
separated by eleat' spaces. The cells have enlarged very greatly (those 
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in Figs. 13 and 14 being equally magnified), and their boundaries 
seem to be at same points diseontinllolls. Fina11y, in the basal seg
ment we find all traee of ceU boundaries lost, and the ceutral space 
filled by a mass of large and sman yolle glohules, nuclei, and proto
plasmie debris (Plate II. Fig. 8). 

The series üf stages in the formation of yolk, wbicb are sbown in suc
cessiye segments of the same stalk, points to the conclusion that yollt: is 
in this ease formed inside of the eell by a fusion of many excessively 
small granules, - a eonc111sion similar to that reached by Stuhlmann 
('87, p. 23) for the eggs of a Teleost. Hand in hand with the develop
ment of yolk there seems to go a diminution in the amount of proto
pla8m, whieh therefore 8eems to be broken down in the process. The 
details of this process resemble remarkably those of the formation of 
the yolk in th6 statoblast of Phylaetolrema, for an aceurate description of 
whieh we are especially indebted to Braem ('90, p.76). 

Urnatella is quite unique, so far as I know, among a11 Endoprocta in 
the storage of food material in its stalk. This is doubtless of high 
physiological importance, as I shan try to show later. 

Septa oecur at the constrictions between segments, and separate the 
latte1' from one anothel'. They are composed of a circulnr fold of ecto
derm, whose frea edge surrounds a small opening, tbrough whieh spindl,?
shaped vacuolated mesenehymatous cells pass. The adult condition ia 
easily interpreted by referenee to the deyelopment, an early stage in 
which i8 shown in Figure 24 (Plate IV.). Between the layers of the 
ectodermal fold a pel'forated dise of cuticula - eontinuoua at its outer 
edge with the superficial cuticula - becomea laid down. This cuticu
lar disc increases in thickness with increasing age. 

The most distal septum, which separates stalk and calyx, 1S more 
complicated than the others. The complieation is due to the fact that 
mesenchymatous cella have placed themselyes in and above the opening 
of the septum, and have flattened themselves out perpe~dicularly to the 
axis of the stalk, while still allowing the vacuolatec1 eells to pass at 
the1r mal'gins into the calyx ft'om the stant. Thus the transvcrsely 
:fiattened mesenchymatous cells appeal' to send out horizontal processes 
between the tubular cells (Plate IV. Fig. 25). 

The flattened cella which lie above tbc opening of t.he septum ure 
seen, in longitudinal section of the stalle, to he arched over the opel1ing. 
It results from this that the sm aller, lower cells lie partly enclosed by 
the larger upper ones (Plate IH. Fig. 18). 

A septum between stalk and calyx agreeing eyen in detail with that 
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just described for Drnntella has been described and figured by Ehlers 
for Ascopodaria. Such a highly complicated septum seems indeed 
to be common to the Pedicellinidro, whieh in this respect appeal' more 
neady allied to Dl'natella thall does Loxosoma, in whieh such septa are 
absent. 

In Pedicellina Benedeni also, whieh has a segmented stalk, the seg
ments are separated from one anotlier, aecording to Frottinger ('87, 
pp. 301-303), by perforated septa. 

2. Tke Calyx. 

Dnder this heading I shan treat successively of the body wall (inc1nd
ing the Hp of the atrium, and the tentacles), the atrium, the alimentary , 
traet, the body eavity, tbe nepbridia, the sexualorgans, and the nervous 
system. 

A good idea of tbe extern al form of the expanded calyx may be gained 
from Leidy's figures. My own, having been drawn chiefly from pl'eserved 
material, show the polypide for the most part in a retracted condition 
(cf. Plate t Fig. 2). 'Vhen thus retracted, the atrial opening does not 
lie at the apex of the calyx, but is thrown shnrply over towards the oral 
aspect (Plate IH. Fig 18). 

The body wall i8 composed of a single layer of excessively thin epi
thelium, - the ectoderm, - which has secreted a thin cuticula. This 
cuticula is thickened in places, producing papillre, which are irregulady 
scattered over the calyx. At the Ep of the atrial opening, as the pas
sage into the atrium in the retracted condition mny be called, the ecto
derm i8 thicker than elsewhere, and folds back upon itself until it reaches 
tbe base of the lophophore. This backward-reflected portion I shall 
caU by the name kamptoderm, for although its homology with the kamp
toderm of Ectoprocta may not be entirely beyond doubt, I cannot see 
any important difference between the two structures, either in their adult 
relations 01' in development. As in thc Ectoprocta, so here t.he polypide 
is formed in the retracted state, and the atrial opening does not break 
throngh untila late stage is reached. 

Iu Ectoprocta the line of union of the kamptoderm and body waU, 
i. e. the lip of the atrial opening, is marked by a thicl,ened ring com
posed of elongated ectodermal cells, at the base of which He the fibres of 
a sphincter musc1e. This organ constitutes the "Randwnlst" of Phy
lactolremata 01' the "Diaphragma" of Gyrnnolremata. Does an organ 
homologous with this occur in Urnatella 1 It i8 in keeping with thc 
more primitive organization of the Endoprocta that, aHhough a corre-



10 BULLETINOF THE 

sponding region exists and sphincter muscles are found here, it has not 
become so distinct1y di.fferentiated from the rest of the hody wall as has 
tbe RandwIllst of Phylactolremata. This region may be designated the 

lip of the atrium. 
,Vhen the tcntacles are expanded, - a secondary condition, as the 

development of tbe calyx shows, - the lip of the atrium forms a circu
lar ridge lying at the base of the tentacles (Plate IV. Fig. 26, spht, atr.). 
vVhen tbe tentacles are drawn in tightly, the lip of the atrium becomes 
puckered. Two of the folds resulting from tbis process are shown cut 
aeross in Figure 19 (Plate IH.) above the middle of the atrium. 

The tentacles of Urnatella in three cases in whioh I counted them on 
transverse sections, as well as on the entire animal, nnmbered twelve; 
in one oase, thirteen. In addition to these nnmbers, Leidy ('84, p. 10) 
found sixteen (usnaHy) and fourteen. In the specimen with thirteen 
tentacles, the odd one was placed on the anal aspect of the calyx in the 
median plane, It appeared shorter than the others. In one case with 
twelve tentacles, observed fully expanded, the two tentacles of the anal 
aspect lying nearest the median plane appeared shOl'ter than thc re
roammg ones. Leidy does not refer to this pO,int, and his figures 
afford uo satisfactory evidence as to the occurrence of this oondition 
in his specimens. 

The tentacles are each composed of a cylinder of columnar epithelium 
surrounding a narrow central region which ia ßlled with mesenchymatous 
tissue. In addition, on each of the lateral aspects of the tentacle 
thel'e is a rouscle, composed of one tothree fibres lying side by side 
(Plate IV. Fig. 27, mu. ret. ta.). 'fhe epithelium is ciliated on the lat-
eral and inner faces of the tentacle. ' 

The atrittm 1S bounded by the tentacular corona on all sidcs. The 
Hoor of the atrium passes iuto the mouth in the oral region, and rests 
upou the reetum in the aboral region. At the centre there opens iuto 
it an elongated pocket, the cloaca. The lateral angles of tbe mouth 
are prolonged aborally, and form two grooves whieh open into the atrium 
along tbe lateral margius of the Hoor (Plate UI. Fig. 19, s~tl. atr.). 
These, which may be called the atrial g1'ooves, approach each other and 

" become sballower as they pass aborally upon the atrial wall, until they 
disappear in the median line above the rectum. 'rhe epithelium lining 
the gt'ooves is ciliated. 

'rhis "atrial groove" exists also in Pedicellina echinata according to 
Nitsche ('69, pp. 21, 22), and, according to Ehlers ('90, pp. 52, 53, 59, 
60), in his Ascopodaria macropns also. Its fnnction, as has been fre-
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quently poillted out, must be to carl'Y the p!1.l'ticlcs of food from the bassa 
of the tentacles towards the mouth. 

Thc mouth is limited ou tbc side towards theanus, und separated 
from the cloaca by a fold, whieh may be designated the inne7' Hp. This 
represents the organ often referred to as the epistome, - a term wbich 
implies an homology with thc organ of the same name in Phylactolre
mata. This organ i8 of greatest size in Rhabdoplcura amI Loxosoma 
among Eudoprocta, where it is elevated far above the general level of the 
Hoor of the atrium. It is less marked iu the Pedicellillidm. In Urna
telln it is not at aU evident, becanse its upper edge js not higher than 
the roof of tbc reetum which forms the actual fiool' of the atrium be
hind. If, on tbe eontrary, the cloaea extended underneath the rectum, 
as it does in the Pedieellinidre, causing a great space between it and 
the intestine, aud thuB making the roof of the intestine the floor 
of the atrium, the inner lip would appeal' as a very prominent organ 
(cf. Fig. 18). 

On the outer edge of the mouth, and forming the " outer lip," is a 
prominent horizontal fold of the oral part of the atrium (Fig. 18, loph. 
atr.). This fold extends aborally, runlling parallel with, and forming the 
outer wall of the " atrial groove " (Fig. 19). The fold grad ually becomes 
less pronounced towards the aboral aspeet of the atrium nntil (in Fig. 
18) it forms only a slight swelling of the atrial wall over the rectum. 

Alimenta?"y T1·act. - As in other Endoproeta, so in Urnatella one eau 
distinguish four regions in the alimentary traet: resophagus, stomaeh, 
intestine, and rectum. The wall of the alimentary tract is composed 
throl1ghout of a ciliated epithelium, except in the so eaUed hepatie ceHs 
of the upper wall of the stomach. In this exception Urnatella a.:,crrees 
with other Pedicel1inidre, hut for Loxosoma Harmer makes no such . 
exeeption. 

I find a highly refractive basement membrane lying at the base of 
the digesti.ve epithelium. This staills deeply in hrematoxylin, so that it 
ean be seen with a low power as·a distinct line surrounding the alimen
tary tract. Such a condition, described by Nitscbe ('69, p. 19) for 
Pedieellina, has been denied by Ehlers ('90, p. 72) to exist in Asco
podaria. 

There is an indication of a speciallzed intestinal (sphincter) muscle 
surronnding the opening leading from intestina to rectum, as weIl as at 
the anus. The strncture in question, which appears in seetiön (Fig. 18, 
spht.) as highly refractive and deeply stuining areas on either side of 
the opening, 8eems to He in the epithelial wall of the alimentary traet. 
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Since elscwhere in the calyx of Urnatella, and in other Bryozoa, mllscles 
arise from mesodermal tissue, I am inclined to beliovo that, notwith
stall ding their position, they are formed from mesenchymatous cells 
which have crowded in between thc epithelial cells. 

Thc free surfaces of the epithelial cells are different in the various 
regions of tbe alimentary tract. On the wall of the rosophagus they 
run out into tolerably elose-set and long cilia, which become longer 
towards the deep end of the rosophagufJ, and project into the stomach at 
ita oardiac end (Fig. 18, 0'1.). Along the lateral und lower sides of the 
atomaoh one finds langer sparsely distributed cilia, and at their base a 
elose-set layer of short rads (Stäbchen). Around the pyloric oponing 
of tbe stomaoh there is a ring of elongated cilia. The intestinal epi
thelium bears chiefly short, stout, and close-set Stäbchen. '1'he cilia of 
the rectum are confined to the upper wall, and are of medium length, 
and sparse. These are omitted in Figure 18. 

The positiou of the mouth has beeu already defined. It leads into a 
broad CEsopltagus, constantly narrowing as it descends until it opens into 
the stomach at the lower (oral) end of the latter. Its ,,,all consists of 
a colnmnul' epithelium, some of whoRe cella are vacuolated, especially at 
the base of the epistome. The inner wall of the rosophageo-gastric 
opening is provided with- a valve-like pl'ocess, covered, like the opposite 
wall, with large cilia. 

The pear-shaped stomach is lined below und laterally by a cuboidal 
01' shmt columl1al' epithelium, ahove by a highly granular, more 01' less 
vacuolated, non-ciliated epithelium, whose free ends are ragged, sen ding 
processes into the lumen of the organ. '.rbese constitnte the so called 
hepatic cella .. Their granules stain deeply in hmmatoxylin. In tha 
epithelium of the lateral and lower walls of the stoma eh deeply staitl
ing cella alternate irregularly with less deeply staining ones (Fig. 18). 
These cells are also fun of small vacuoles. 

The stomach is separated from the intestine by a circular ridge, 
formed of elongated cells bearing long cilia, - the pyloric valve. 

The cells of the conical intestina are cuboidal, und possess a thicle 
-external and internal membrane, which stains deeply in hmmatoxylin. 
Tbe passage into tbe rectum is restricted. 

The epithelium of the rectum· is composed of fIattened cells. Hs 
lower waU is closelyapplied to the upper wall of the intestine, the two 
walls being separated by the basement membranes of the two celllayers. 

The anus lies, as already stated, on the aboral wall of tho cloaca. At 
this point the wall of the rectum becomes continuous with the fIoor of 
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the atrium above aud the aboral wall of tbe cloaca bclow. The co11:; 
surrounding the anal opening are slightly larger tlmn their noigbhors. 
Lying apparently in the basemellt membrane is tbe anal sphineter 
alreudy mentioned. 

Under the term bady cavity I include the space lying betweell tbe 
alimentUl'Y tract and tbe outer body wall and atrium. This space, 
which is much reduced in the retracted condition of thc polypide, con
tains indifferent mesel1chymatous tis8ue, tubular cells, museles, the 
excretory and sexualorgans, and the nervous system. 

The body cavity is bounded by no other epithelium tban the eeto
derm of the body wall and atrium, and the entoderm of the alimontary 
traet; that i8 to say, there is no luesoderm. 

The indifferent mesenchymatous cells have been seen to best advau
tage in tbe end of aregenerating stalk shown in Figure 3. Here tbe 
cella, wh ich were studied while living, could be seen migrating on the 
inner slU'face of the ectoderm, and extending through tbe central region. 
Such wandering cells were filled with higbly refraetive granules. 

The tubular cells of tbe body cavity lie ehiefly at the base of the 
calyx, near its attachment to the stalk. In this region also I have seen 
in the living animal a flickering eiliate movement, aud in the sectioned 
animal flame cells. 

I have been able to distinguish on1y two systems of muscles in 
the body cavity of Urnatella, - the sphincter of the atrium, and the 
muscles of the tentacles. 

The sphincter of the atrial opening (Plate III. Fig. 18, Plate IV. 
Fig. 26, spht. atr.) is composed of circulal' fibres lying in the lip of the 
atrium. Taken together, the fibres form a folded sheet, U-shapecl Oll 

cross seetion, the convexity of the U being directed upwards. The 
function of this muscle is, of course, to constrict the at rial opening, and 
thus to protect the tentacles and parts below. 

The tentacular musc1es consist of the pair to each tentacle already 
mentioned. These rnn from the apex of tbe teutaele to the base, where 
they diverge to the right and to the left, and, after breaking up iuto 
many brauches, pass through the ectodeI'm to become inserted upon the 
cuticula of the body wall. Leidy ('84, p. 10) saw these tentacular 
mllscles. 

Differentiated muscles do not seem to be abundant in the calyx of 
any of the Endoprocta. Tentaeular muscles are unlmowu in other spe
eies. On the otber hand, Ehlers ('90, pp. 64, 65) bas desm"ibed two sys
tems for Ascopodaria which I have not seen in Ul'natella, namely, lateral 
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wall muscles and transverse muscles, the latter ruuning from the right 
to the left wall. The fibres of these muscles also break up into brauches 

before making their attachments. 
EXcretOTY Organs. - The chief excretory apparatus in U rnatella lies in 

the calyx below the ectodermal floor of the atrium (PInte IrI. Fig. 18, 
PInte IV. Fig. 22, l~ph.). It consista of a pair of tubules which unite 
proximally and open by 0, single pore iuto an unpaired eavity, whieh in 
turn opens into the atrial chamber at about the centm of its floor. 
This unpaired cavity is the one I have proposed to call the cloaca .. 

From its opening into the clonca the unpi:tired tract of thc cxcretory 
tubules, which may be designatcd t:fferent d~LCt, runs ol'alwards and dOWIl
wards, and then divides, the two tubules following the posterior wall of 
the ffisophagus. Finally, the tubules turn back upon themselves, run
ning outward and towards the rectum. The whole cxeretory apparatus 
has thus the form of the Greek letter Y. 

Each tubule ends blindly in a flame cell whiehobears the characteristic 
cirrus, exactly similar to that found in the stallt (page 6). :Figure 22 
(Plate IV.) shows tho end of the tubule of tho loft side. Tho plane of 
this sectioll was such that it cut the posteriorly reflected rogion of the 
oxcretory tuhule of the left sido throughout all hut the middlo of its ox
teuto At the middle line the tubules of both sides sink below the plane 
of the sectiou, so that it is the efferent duot which is cut at nph. in the 
median plane. 

One of the youngest individuals in wh ich I have found a nephridium 
is that from which the section Figure 29 (Plate IV.) was drawn. Tbe 
efferent ducl; (neplt.) appears to be composed of two elongated cells 
placed end t6 end. Rnnning through the midst of these is a poorly 
marked lumen, partly filled by a granular substance. 'l'his /1,nd one 01' 

two other similar cases seem to me to support strongly the view of ,the 
intracellular natm'o of the lumen of the nephridium. 

The evidence derived from the adult condition is less satisfactory, but 
points to tbo same conclusion. Thns one finds on cross section of the 
tubules that the lumen is not sharply limited like the extorior of the 
tubule. In fact, one sometimes finds delieate threads traversing the lu
men (Plute IU. Fig. 21, a-c). In one of these sections two l1uclei are 
cut across, which in 80 rar militates against my, conclusion that the 
lumen runs inside of single cells placed end to end. But I believe these 
to be the nuclei of two adjacent overlapping cells. 

On account of the evidence just presented, I regard the nephridium 
of Urnatella as having an intracellular lumen anti ending blindly in a 
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flame eell, aud am tbus brought into complete agreement witb the results 
obtained by Harmer from Loxosoma. His conclusion ('85, p. 27D) that 
the Endoproct.llephridinm is probably to be regarded as a head kidney, 
like that of 'l'roehophores, seems to me to be justified. A further diseus
sion of this topie must be deferred till towards the elose of this paper. 

The uephridiumopens, as already stated, not directly into thc vesti
bule, but iuto a pocket of it, the cloaca (Plate IIr. Fig. 18, Plute IV. 
Fig. 28). The wall of thc clonea consists of a layer of cuboidal epithe
lium whieh is perforated by three openings, - the auus, and the proximal 
opeuings of the efferent duet and of the vas deferens. 

The eloaea is an organ whicb does not oconr in any othet' Endoproct. 
Its existenee bere is due to the uuique position of the rectum anel auus, 
and of the opening to the vas deferens. In Loxosoma the last is very 
far removed from the opening of tbc llephl'idia. In the Pedieellinidre 
the two openings are less distant from each other. In the male of 
P. Benedeni (Frettillger, '87, Plate X. Fig. 16), the anus and the open
illgS of the nephridium and vas deferens are quite near together; hut in 
the female the oviduct of that speeies opens far distant from thc other 
organs. 

SexualOrgans. - Cnriously cllongh, I have not found among f1.11 the 
individnals sectionod any ripe fe males. All the mature individuals of 
the lot collected by me on July 4th hom the Schnylkill appeal" to ha.ve 
bee11 males. In no individual did I notice any differellce in the position 
of the duets, such as obtains between the two sexes in Pedicellill!1. Bene
delli, -no traee of an ineubatory chamber between rectum and the floor 
of the vestibule. 

In the male organs two parts muy be distinguished, -testis and vas 
deferells. The testis (Flate IV. Fig. 23) 1S a paired ovoid body lying be
tween rectnm, intestino, and the flool' of the atrium. In the figure given 
0110 observes spermatozoa in various stages of developmont, the wall of 
the sac eOllstituting the germinative epithelinm, 

Tbe vas deferens (Plate IIL Fig. 18, Plate IV. Fig. 28) is an lln
paire<1. U-sbaped tube, the cOl1cavity of thc U being tnrned oralwards. 
Tbe wall eonsists of a enboidal epithelium which is oiliated, at least at 
the proximal end of the tube. 

The vas deferens of U rnatella. resembles in form that of P. Benedeni 
(Foettinger, '87, Plate X. li'ig. 15), whiob in turn seems to be more com
plicated than that of Ascopodarin:. 

Nervozf,8 System. - I ha.ve been able to make onIy a sllperficia.lstndy 
of this system. 'rhe main ganglion (PInte IH. Fig. 18, Plate IV. :Figs. 

VOT •. XXIV. - NO. 1. 2 
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22, 29, gn.) lies between vas deferens and nephridium, is elongated trans
versely, and slightly constricted in the median plane. One ean distin
guish 0. central region composed of fine fibl'es running transversely, and 
a cortical region of cuboidal, deeply staining cells with Im'ge elear nuc1ei. 
I have not Sllcceeded in tracing any peripheral fibres from this gan
glionic mnss, as Ehlel's has done in another Endoproct. 

III. NON-SEXUAL REPRODUCTION. 

1. .A rchitectu1'e 0/ the Stock. 

Umatella forms stocks by budding. As in other 'Bryozoa, the buds 
arc normally produced in a very regular manuer. I believe that I have 
determilled the law in part, although it has exceptious, as th~ law 
of bndding in every Bryozoan stock has. As Leic1y has statec1, several 
vertical stalks may arise from the same horizontal plate. A single stalk 
may remain unbranched, giving rise to new individuals at its distal end 
only, 01' it may give rise to branches which eome off irregularly from a 
few segments. U sua1ly only one branch ariseE! from a single segment, 
but occasionally two do so (Plate V. Figs. 35, 38). 

The length of these branches and the number of their segments deCl'ease 
towardE! the distal end of the main stalk, and the conclusioll Seems jus
tified that it is onlyat the distal end that they are formed. Excepting 
for these occasional branches, the lower segments of the stalk are hare cf 
any branches 01' polypides. The distal end, however, iE! usually cl'owded 
with po1ypides 80 thickly as to make it difficnlt to count them 01' to de
termine their points of attachment (cf. Plate V. Fig. 30). 

A very casual observation, however, shows that the buds from the 
muin st!llk are of two kinds; first, those which have given rise to a 
linear sel'ies of segments at tbe distal end of which is a calyx, !llld these 
are whut I have caUed branc!.es; and, secondly, those consisting of a 
stolon-lil,"G process, from one sm'face of which arise calyces resting UPOll 
astalle of usually one segment only. The surface of the stolon upon 
which such polypic1es are placed is adefinite one, name1y, that which iE! 
turned towurds the distal end of the main stalk. The budded brauches 
and also tl1e stolons are grouped upon the oral side of the adult stalk. 

In the clearest cases, in yonng 01' not toD 1'ichly branched stocks, I ' 
finel the branch arising on the oral sUl'face of the segment, and between 
two stolons, which are therefore more nearly lateral (Plate V. Figs. 37, 
38, 40, 42). 
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Oue may therefore say tImt usuetlly tlle branc1tes m'e median {md oral, 
tlu3 stolons lateral. Again, tbe brauches give rise, like the prim:ll'Y stalk, 
to two kinds of buds, brauches and stolons. 'rhe stolons give rise only 
to sta1ks of one segment each, hearing a calyx distally. These calyces 
are so l)laced that their oral sm'face is directcd towards tbe distal end of 
the stolon. I have not found more than two individnals borne upon a 
stolon. 

I have previously ('91, p. 72) tried to show how an buds in the stocks 
of Bryozoa are to be referred back to embryol1ic tissne lying at the ti ps 
01' margill. In Endoprocta, howevel', the extreme tips 3eem to be oc
cnpied hy a polypide, amI the embryonic tissue lies in a zone at the base 
of the latter. This difl:"erence may be regarded, however, as onIy appar
eut, und the two couditions harmonized by conceiving the polypide iu 
Endoproeta rett'aeted iuto the stalk, betow the zoue of embryonic tissue, 
- the coudition rcalized iu Ectoprocta. The distal part of the stalle 
will tben become terminal, constituting an apical ring of embryonie tissue 
surronnding the seconda,ry atrial opening thus produced. From the oral 
portion of this ring new buds - brauches and stolons - are, as in Pluma~ 
tella, pl'olifcrated; aud this process is repeated for each segment. At 
(01' ne[Lr) the apices of these iueipieut branches and stolons lies a mass 
of embryonic tissue whieh givcs rise in the one case - brauches - to thc 
stalle, the polypide, and the Anlage of new buds; and in the other - in
eipiellt stolons - to the stolon and the Anlage of the iudividmtls which 
bud fOl·th from it. Tbc differeuces between the branch and the stolon 
are, however, more apparent than real, as a eomparison of the diagrams 
Figures 59 and 60 (Plate VI.) will make clear. In one ease (Fig. 59) 
the mass of embryonie cells in any segment does not grow out far beyond 
the youngest individual prodllced from it; in the other ease (Fig. 60) 
there is a considerable growth beyond the youl1gest individual. Thus in 
the latter ease a long stolon is produeed, in the former it rcmains at a 
mlUlInnUl. 

As I have already stated, iu most cases, particl1brly in young "igorous 
stocks, one meets with thc condition which may fairly be called typical, 
in which from one segment three buds - Olle median (brauch) and two 
lateral (stolons) - arise. 'rhis typical condition may be expressed by 
the formnlft on thc next page. 

This formula will be understood by refereuce to thc diagrams on Plate 
VI., of which it is a symbolic expression. Tbo letters represent in an 
eases calyx-bearillg individuals, tbe asterisks gemmiparons tissue. 'rhe 
eapital Astands for thc individual whieh forms the rnain stern under 
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consideration. 'l'he ~1~ immediately below it represents the embryonie 
mass situated at the tip of the stalk, from which all the gemmiparous 
tissuc distributed throughout the stock has taken its origiu. As the 
stalk has gt'owu, there have been left behind the embryonic masses 1'eprc
sented by *. Three of these have arisen together, and the process has 
beeu repeated as often as segments have been formed. The separation 
of the segments is represented in the formula by a dash. Between every 
two dashes the same budding process is repeated. 

A 
-V:. -.-

* * * 

*xa. 1> ax * 
x 

* 

x x 
*xb xxa a axx bx * 

x x x 
x x x 

b 
x 

* 

The median "embryonie masscs (*) give rise to tlle individuals a, b, 
and c, und leuve with each a dowry of embryonic tissue represented by x. 

Each of these individuals a, b, and c, with its embryonic mass x, now 
acts exactly liko A ~e-. The lateral embryonie masses act precisely as 
do tho median olles. 

The typical condition expressed by tbe foregoing formnla is not often 
perfectly realized, for the simple reason that tbc stock wonid thereby be
come tao crowded. Tbe more frequent modifications are thc abscnce of 
the median bud, the absence of one 01' both ofthe lateral bnds (stolons) 
and, occasionally, the apparent substitution of a branch for a stolen. 

The foregoing formula is one of the most complicated that it is neces
sary to make für Bryozoa, for nowhere else are the emhryonic masses so 
abundant relative to the polypides, 01', in other words, nowhere else are 
so many embryonie masses borno by one individual. It is quite com
mon among other species to find three embryonic masses arising from 
one; but here the formation of triple masses is repeated as often as the 
number of segments in the stalk. This fact raises the"question of the 
signific!1ncc of these segments, and leads us to discuss the subject. 
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2. Segmentation of t!te Stetlk. 

Leidy ('84, p. 9) did not fail to caU particulrtr attention to the divis
ion of thc stall;: of Urnatelln. into segments, amI rccognized their suc
cessivc prodnctiOl:l "through the process of division, very much in the 
same manner as in the production of the proglottides of tape-wurms 
from a scolex.-' 

The pbenomena of segmentation must have a special interest on 
account of the relation of segmentation and strobilization. I shn11 
treat undel' this subject, first, of the pheuomena of segmentation in 
Urnatella; secondly, of tbe probable origin and siguificance of tbc 
proccss in this genus; aud, thirdly, I shall examine critically Leidy's 
companson. 

The transvcrse septum, whicb is tbe first indication of the separation 
ofthe stalk into segments, begins to be formed at about the time that 
the lateral buds m:iso, and immodiately below them. It arises, as already 
stated (page 8),' as a l'ing-like fold of the ectoderm, whose free edge cn
c10ses a circulal' orifice, thrOllgh which the interiors of the two segments 
which are being formecl are continuous (PIate IV. Fig. 24). ,Ey con
tinued growth of this fold the diameter of the orifice diminishes, uever 
wholly closing, hut lenving aspace fol' the passage of the tubular cells, 
to which refereuce has aiready beeu made (page 7). In this process the 
sheath of longitudinal muscles, whieh origiually ran immediately inside 
of the ectoderm continuously from the base of tbc calyx to the last fuUy 
formed septum, becomes discontinuons at tbe place of the ingrowiug 
foId, !lud the separated ends of the muscle fibres become attached to theil' 
respective faces cf the septum. 

Iu order to discover the significance of this process of segmentation 
we umst first study its distribution throughout tbe Eudoprocta. Usually 
the calyx is borne npou an uusegmented stalk. Such is the condition, 
for example, in Loxosoma, Pedicellina echinata, P. Americana, and 
Ascopodaria. In other cases, Gonopodaria (Ehlers, '90, p. 146) and 
P. Eelgica (Foottinger, '87, p. 301), there is a poorly expressed and 
highly variable segmonted condition. In Arthropodaria. (Pedicellina) 
Benedeni the stalk is distinctly :md regnlarly segmented, there being 
partitiol1s and slight extern al eonstrictions. Finally, in Urnatella we 
find the segmented condition still more shn.l'ply exprcssed. 

There is a suggestive parallelism between the formation of segments 
and the prodnction of buds. 'Vhile with one exception all species with 
unsegmented stn.lks pl'odnce no buds, and uone have yet been described 
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as occurrillg Oll Gonopodaria find P. Belgiea, budding does oceur to a 
slight extent on Arthropodaria, and still more profuselyon Urnatella. 
There is ouc genus, however, Barentsia (Vigilius, '84a

, p. 86), which buds 
sparsely find has an ullsegmented stalle. Here, however, as in U rnatella 
(Pütte VI. Fig. 58) and Artln'opodaria (~), there is a septum between the 
branches and the main stalle 

Finally, in an Pedicellinidre which have been studicd carcfnlly there 
is a septum between the stalk and calyx. 

One muy bring these scattered facts of distribution of the septum. into 
some sort of unity by saying that in the Pedieellil1idre every calyx and 
every lateral branch (wbel'e such exists) is partly cut off from commnni
cation witb the interior of tbe mother stalk llY septa. 'rhis i::; eflected 
by the produetion of these organs at the place of junction of the calyx 
and the lateral buds to the stalk, and in some cases also by the partial 
division of the stalk itself into compartments by septa. The transverse 
septa must have either a morphological 01' a physiological significance. 
They might be regarded as apart of the wall of zomcia, eqllivalent to 
the zorecia of Paludicella, and therefore to be morphologically equiva
lent to the septa of Pall1dicella. On this hypothesis each segment of 
the stalk of Urnatella would be an (ineomplete) individual. 'rhe idea of 
the individuality of the segments wonld seem to be snstained by the fact 
that each gives rise to similar lmds, and that apparently any segment 
has the caprwity of regenerating the lost calyx, 01' end of the primary 
stalk. On the other hand, dissepiments might bo regardcd as stnwtnres 
which had grown across the originally unsegmented stern to fulfil same 
need of the ol'ganism. Comparative aUl1tomicai studies seom to me to 
favor thc second view. In Loxosoma, and in rnost marine Pedicellinidre, 
we find a stall~ witbout dissepiments. In othet· forms dissepiments 
are few and variable in nnmber, in still others they are eonstunt in 
occu1'rence, and from the segments arise buds. li'inally, in Urnatelln, 
the segments aloe separated by the dissepiments, each becomes more i11-
dividllalized, and has the capacity of giving rise to buds having the same 
arrangement. The differentiation of tbe separate segments has gone so 
far that Olle can hardly see in the stalk of Urnntella, resembling n. string 
of bends, the assumed smooth cylindrical stern of its Pedicellinn.-like 
ancestors. 

Ir we seek for an explanation of the dissepiments, I think it is to bo 
found in thc protection of thc stock agail1st thc influx of water and de
stroying organisms at the time of the loss of calyx 01' Internl branches, 
which would make regeneration impossible. 'l'his is tho same hypotho-
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sis which I offered in 0. former paper ('91, p. 40) to aceoullt fur tho 
formation of 0. septum in Ectoproeta.. 

In favor of this hypothesis are not merely the need of such an appara
tns on account of the frequent loss of the calyx aud the lateral bnmches 
through accident, and the fitness of this meclumism for the fnnctioIl, 
but also the existence of the special mechanism of radiate cells, covering 
over the opening in the dissepiment between the calyx and stalk, - a 
dissepiment which will be most usefnl in the manner indicated by this 
hypothesis, owing to the dclicacy of tha calyx and its liability to acci
dent. \Vhen the lateral branches 01' the terminal calyx become de
tached from the parent stern, we find tlmt the pore in the septum, 
remaining behind as 0. part of the 'wall of the stalk, has become sealed 
hy 0. cnticnlar plug. So also Ehlers ('90, p. 22) in AscopodlLria. In 
this case we can see thc utility of the dissepiment, and call infer its 
vulne in those positions where it is not certain, but onIy possible, tbat 
it may be called into play. My conchfsion then i8, that tbc dissepi
ments have a purely physiological meaning, possessing a protective 
fllnction, aml that the segments of the stem are ouly physiological di
visions of a prim-itively undivided stalk, which have perhaps no other 
significi1l111e t!mu thn.t they are parts separated by the dissepiments. l 

It follows natnral1y from the foregoing hypo thesis, that the segmen
tation of tho stall;: has succeeded, rather than preceded, the condition of 
bud formation from the stalk, it being rendered desirable owing to the 
groater danger to mutilatiou to which the stalk is exposod. From this 
standpoint wo can see why buds should be produced on euch segment in 
a similar manner. 'fhe relative profuseness of budding in Urnatelln. is 
explainable on other grounds. 

EXfLmining Illore elosely the relation of this process to the production 
of proglottides in a tape-worm, - accepting the view that thc p1'odnction 
of proglottides is fundamcntally a process of continual regeneration of 
lost parts, - there seems to be an important difference in this, that tbe 
growth of the stock of Urnatella is limited, more thn.n ten or twclve seg
ments being 1'a1'e1y forrned, while an indefinite number of proglottides 
are produced. 'rho limited growth of the Urnatella stern seems to iudi
cate timt the production of segments is not the productioll of new parts, 

1 Freely branching stocks of Hydroids have selJta interpolated at the hase of 
the hydra,nth. which is peculiarly lia,ble to fall off, amI somethnes in the rniddle of 
the sterns. The occllrrence of sllch sirnilar structurC's thronghout thc two most 
profusely bral1cl1ing groups of Metazoa is further evidence for the validity uf the 
physiological explanation of them which I Imvc offered. 



22 BULLETIN OF THE 

but the division, progressing towards the calyx, of an originally simple 
stalk into a number of parts, - that the gl'owth of the Urnatella stalk 
is limitfld just as that of the Pedicellina stock is limited, and for the 
same reason. 

3. 01'ientation of tke Individuals. 

The orientation of the inclividuals of the stock seems to be here, as in 
Ectoprocta, a very definite one. In Pedicellina and Hs close allies, as 
weIl as in Ul'llatella, the young individuals budded from the parent 
stalk face the same way as the polypide of the parent stock. Seeliger 
('90, p. 571) has pointed out that in all the species of Loxosoma the 
ol'ientation of the buds with reference to the parent is definite, but 
different from that fonnd in Pedicellina. The ol'ientation of the buds in 
Loxosoma (which arise, as in Pedicellina, on the oral side of the mother) 
is the reverse of that of the mother •. Thns it comes about that the 
oral aspect of the buds in the' Pedicellinidoo is turned towards the pe
riphery of the stock, that of Loxosoma towards the contre. This is 
the same difference wbich has been found to p1'evail between the buds 
of Phylactolmmata and Gymnolmmata, and as in this case, so in Endo
proeta the differences may be harmonized by a different methorl of ex
pression. In all Endorwoctct tlw m'al aspect 0/ tlie buds is t~tl'ned towm'd,s 
tlw centre of prolife1'ation. For in Loxosoma new individnals are pro
dnced between the next older and the parent stock, the centre of prolif
eration re?1aining in the parent stock, while in Pedicellina it migrates 
away upon the end of the stolon. The typicafcondition in. Loxosoma is 
represented by the formula 

a b c cl * A; 
that of Pedicellina by 

* cl c b a A, 

in which the asterisks represent gemmiparous tissue. 
The genen\} statement of the relation of the aspects of the buds to the 

pl'olife.l'ating region is the reverse of that which I have given for Ecto
proeta ('91, p. 82), which reads, "In both Phylactolmmata and Gymno
lmmata, the anal aspect is turned towards the gemmiparous region." 
It is important to note, however, that this difference correspollds to a 
diffe1'ence in respect to the part of the alimontary tract which is formed 
by the principal pocket of the atrinll1~ for this in Ectoprocta gives 1'i80 
to the posterior part of the elementary tract; in Endoprocta, on the con
trn.l'Y, to the nnteriot' part. The differences in the pl'ocess of bl1dding in 
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the two groups can be hal'illonized, and at tbc same time tbe physiologi
cal nature of thc differences indicatcd, by puttillg the statement thus : -
In an Bryozoa, tbc formation of the alimeutary tract begins at tbat end 
whicb is turned towards thc gemmiparous l'cgioll (cf. page 28). 

The problem of tbe difference' in the method cf development of the 
alimentary tract in Ectoproeta and Endoprocta, is the same as that of 
the differences iu the developmcnt of the alimentary tract of Triploblas
tica in generaL 

As is well known, the midgut in Triploblastica is produced by an in
vagination wbosc mouth - the blastopure - comes to ue in same eases 
at the antE1rior part of the tract, in others fit its posterior part. 'l'his 
variation in the mcthod of formation has been explaincd by thc hypo
thesis that thc blastopOl'e represents the opening into the gnstro-vascular 
cavity of Crelenteratesj which is functionaJly both mouth alld anus; al1d 
that as we :find a physiological separation of the opening in many Crelente
:rates, so a morphological separation of the gastrllla-opening into mouth 
arid anus by concrescence'of the lips of thc blastopore in the mid-oralline, 
has oceurred in the ontogeny ofTriploblastica. In some cascs-both mouth 
and 11.llUS al'ise by this proeess, in other eases only one organ, the other 
arising secondarily, 01' (preferably) late1'. The part which arises later 
might be regll.rded as 0. new formation, 01', following Caldw!=lll ('85, p. 23), 
as del'ived from apart of the entoderm which had bccome separated 
from the greater part in thc separation of the two extremities of the 
elollgated lip of the IJlastopOl"e to permit the placing of moutb and anus 
at opposite poles of I1n elollgated animal. 

The application of these f~1.cts aud their explauations to the facts of 
the formation of the alimental'Y tract in the Bryozoall polypide is evi
dent. Gastrnlation takes place not in the act of first invagination of the 
inner layer of thc bud, but in a secondary iuyaginatiou from the bottom 
of the first formed sac. 'rhe blastopore does not lie on the snrface of 
the body wall, but has heen carried bclow the surface, and its position is 
indicated by the plane of separation of alimentary tract and atrium, 
whel'e the roof of the gut and the floot' of the atrium have been produced 1 

by conCl'escence of the lips of the blastopore. The atrium then is in 
110 way Ened by entoderm; it is mer~ly a pt'ecociously developed, pro
teeting pocket of the hody wall, which ooeurs in timt region in which 
invagination of the entoderm is to take place. The primary atrial open
ing is not at an the blastopore, as so me authors have called it. 

]. Compare Seeliger, '89", pp. 181. 182; so also in Pnludicella. see my carlier 
paper, 'ln, p. 19, and probably in Phylactolrornatß, cf. Krropelin, '92, p. 33. 
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My conception of the relation ofthe processes of atrium formation and 
gastrulation will be more easily understood if we eompare tbe formation 
of tbe polypide witb tbe early stages in tbc development of tbc egg of 
Sipuneulns, as given by Hatsehek ('83, pp. 78-81). Here gastrulation 
oeems only in the deptha of tbe invagination at tbe vegetative pole; tbe 
more superfieial part of tbe cavity is tbe trunkamniotie cavity. This 
corresponds to tbe atrium of Bryozoa, aud, like it, is lined by eetoderm. 

The concreseence of the lipa of tbe blastopore takes plaee slightly 
differently in Endoproeta and Ectoprocta, so tbat in one ease tbe blasto
pore pcrsista in the region of tbe permanent montb, and the proeto
damm appears Iater; whereas in tbe other ease tbe blastopore persists 
in the region of thc permanent anus, and tbe stomadumm arises Iater. 

In alt Bryozoa, hOtuever, the main ganglion arises in tILe 1'egion of con
CTescence, preeisely as the ventral nerve cord ia now known to do in most 
invertebrates., Thus additional support is given to the idea that the 
ganglion of Bryozoa is a subaJsophageal aue. 

4. Histology qf the Buds. 

The histological structure of tbe brancbes is exactly like tbat of the 
parent stalk. The minute stl'ueture of tbc stolons deserves a word of 
description. The base from whieh the individuals arise is filled with 
mesel1chymatolls cells, wbicb at the distal, growillg cnd are closely 
packed and deeply staiuable (Plate VI. Figs. 51, 57, sto.). Some of the 
cells are differentiatecl into musoie fihres, whioh run up il1to the stalks 
of the individuals tbat bave al'isen from thc stolon (Fig. 57, m1t.). The 
epithelium at tbe distal end of tbe stolon is composed of ouboidal 01' 

slightly elongated cells. At the base of tbe stolon thc epithelial cells 
are greatly elongated and close]y paeked together (Figs. 51, 57, cl. sec.). 

At the point of attacbment to the parent stern the stolon 1a considcr
ahly cOllstricted, the epithelium forming an inward fold surrounding a 
smnn opening througb Wb1Ch tbe parenehymatous tissue of the bud and 
the mother stalll: are continuous (Plate VI. Fig. 58, di. sep.). Between 
the layers of this circular fold ia seereted a cuticular disk, perforated at 
its centre. 

5. Formation of New Stocks. 

Thc developmcnt of Urnatella from the egg has ne ver been seen, ann. 
I was naturally allXious to get embryologieal material. On looking OVel' 

my presel'ved material I found no trace of eggs, although there were 
many ripc males; I bavc no direet knowledge, therefore, as to wh ether 
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I was too early 01' too late for embryological material, although from 
Borne illdirect evidence drawn from whnt follows I am iuclilled to think 
I was too early. 

The yonngest stocks fOllUd I obtained in 1arge numbers, and they 
were of almost exact]y the same age. Moreovor, tboy agreed with the 
YOllngest stages fouud by Leidy and fignreu by hirn ('S!, Plate I. Figs. 
5, 6, 7). I have represented some of these in Plate V. Figures 31, 32, 
and, enlarged, in Plute H. Figure 15, and Plate V. Figure 46. 

I have already (pages 3-6) ealled attention to some ofthe ehamcters of 
the stalks of these YOl1ng individnals. It remtüns to mentiol1 the "basal 
pla.te" of such stocks. 

Ulllike its eOl1dition in the adult, thc "basal plate" ia a. relatively 
lal'ge organ of elongated cylindrical form (PInte H. l?ig. 15). Its outer 
epithelium COllsists of sharply demarked cells, cuboidal above, columnar 
below. This epithelium bas given rise to a cuticula thin and dellse 
above, and thicker and 1ess refractive below. The columnar cells are 
somewhat less deeply stained than those at the end of the " basal pIate" 
fal'thest from the two stalks. Their 11l1e]ei lie at their inner ends. 
'.rhe uuter part of tbe eell contains spberical masses of granules. On the 
whole, it stains less deep1y than the inner end. Finally, one always 
fillds particles of dirt closely adherent to the under and lateral uspects 
of the basal plate. 

Tbese facts I interpret as follows. The columlltu' cells of tbe nnder 
side are glandular, and seerete a stieky snbstance which eauses the ad
herence of the surrounding particles of dirt, and tbns serves to anclwr the 
YOlIng stock.1 The tissue of the illterior of the "basal plate " ia re mark
able, find difficult of interpretation from seetions alone. 111 such sections 
one sees bands running tbrough the middle region alld cl'Ossing at varions 
angles. Eacb of these "bands" is a nuc1eated cell, und probably repre
sents a musc1e fibre (cf. PInte V. Fig. 46). One sees also fibres ha.ving a 
different appea.rance rllnning radially from the base of the stalk to tbe 
columnar ceUs of tbe "basal disc" over quite a long stretch (P]nte H. 
Fig. 15). In addition to these protoplasmic strllctnres there are long 
clear spaces which are bounded by thin membranes and contain occn-

1 See1iger ('90, p. 573) finds in Pedicellina a glnndular differentiated zone on the 
base of the stolon, where It comes in contact with foreign bodies. This, lIe says, 
enn be trp-ced unhroken through the entire length, especinlly in young stocks, con· 
sisting of few individuals. The foot gland of Loxosoma ia an organ fulfilling a 
function similar to that of the glandular cells of the stolon, but an homology or the 
two organs ean hardly b!l maintained. 

., 



26 BULLETIN OF THE 

sional nuclei. These are the tubular cells already referred ta. Some of 
them contain the agglntinated eilia characteristic of flame cells, and they 
arise from large cells, which must indicate the beginnings of the excretory 
tnbules of the stalk already meutioned. 

What is the meaning of the fact that no younge1' stages than these 
occur, although such and all older stages are abundant ~ Have these 
young stocks been derived fi:om fcrtilized eggs, 01' have they some other 

origin 1 
I have already referred to thc fact that the great muss of the buds of 

any Urnatella stock are found a.t thc upperend of the parent staUe, The 
lower und middle parts of the stalk possess few buds, although they Oll ce 
constitl1ted the upper end of the stalk. What has become of the budi:! 
which have been lost ~ Leidy asked this question, and the facts led him 
"to suspect that the brunches are spontaneously and habitually detacheel 
~rom the parent stern, to become elsewhere attached, and tlms form new 
colonies." I have evidence that raises the suspicion of Leidy to as neal' 
certaintyas can be obtained by use of the morphological method. TILe 
"youngest stocks" a1'e derived from the stolons of the parent stctlk, ~()hich 

habitually becorne f1'ee fo~' the purpose of foundin,q new stocles. 
Ta establish this proposition it will be necessary to show, (1) identity 

of structure between old lateral buds and young stocks, and (2) the 
Bcar of at.tachment of the YOl1ng stock to the pA.rent stallt (cf. Plate vI. 
Fig. 58). Ofidentity of structUl'e there can be no qüestion. Orten it 
would have been qnite impossible to distinguish between YOllng stocks 
and "stolons" which bad been violently broken off from the parent 
staIk and were Iying 100Be in the bottle, were it not for a single criterion, 
namely, tbe yonng stocks had dirt adhering to their lower surface. An 
application cf the second criterion leads to thc same positive result, In 
sedes cf thin seetions of yonng stocks one ean always find at one side 
of the median plane the seal' of former attaehment, which appears as a 
thickening cf the cuticula into which ectodermal cells may sometimes be 
seen penetrating (Plate V. Fig. 47). Wehave here, then, a method of 
non-sexual propagation quite similal' to that obtaining in Loxosoma, where 
the buds habitl1ally drop off, so that this genus is commonly said not to 
he stock-prodllCing. This resem blance mnst be regarded as being pnrely 
a physiologicfLl one, anel not in the least implying any closer relation
ship of the two genera. 

I have alTeady expressed. my belief that the stolons are thrown off reg
nlarly for tlLe p'1trpose of founding new stocks. On this assumption we 
ean account for the rapid growth of the embr,Yonic tissue giving rise to a 
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stolon-like body, which will become a basis of support far the new stock, 
the "bas!\! pInte." Oue can thus accouut for thc thickeued ceHs of 
the uncl'er aide uf the stolon, which appear before detllchment (Plate VI. 
Figs. 51, 57). The question remains, Da the median branches IJlay a 
simBar 1'ule to the stolons'! I do not thillk they do, for the reasons, 
(1) that, having DO basal plate, they are not physiologically fit for form
iug new stocks; (2) tImt I have fouud n<> new youug stocks having 
one parent stern with one or two generations of budded individuaIs, -
the condition of the median branches; (3) that, on the contrary, oue 
often finds· such median branches persisting on even the lower segments 
of the stock. (Plate V. Figs. 35, 39, 40. Compare Leidy, '84, pp. 8, 9, 
Plate 1. Fig.4.) Sinee thc median branches frequently persist as apart 
of the parent stock, - they are not produced in the first place Oll every 
segment,-I conceive their function to be the increase of the number 
of proliferating points in the stock itself. 

Starting with the young stock, onecan find an stages of growth up to 
the most complicated conqitiollS (Plate V. Figs. 33, 36, 43, 44). Dllr
ing the growth of the stoek the basal pInte gradually undergoes chauges. 
The parenchyme becomes mIed with yolk globules (Plate V. Fig. 49), 
and the cuticula beeomes thick and dark. 

Coneeruillg the- morphologieal significance of the basal pInte a few 
words must be said. I regard this as a stolon morphologically equiva
lent to the stolon of the Pedicellinidre. In the latter group, as is well 
known, the individuals are budded from the upper aide of a repent ey
lindrical stolon, which constantly pro duces new bnds at the growing end, 
and wh ich becomes separated iuto segments by the formation of trans
verse dissepiments. There is no such stolon in the adult Urllatella, 
which is sharply separated fm·m the Pedicellinidre by this single charac
tel'. The presence of a stolon in the young stock iudicates a derivation 
from an ancestral condition possessing a stolon in the adult. 

If, however, the "stolon" of the young Urnatella stock is homolo
gous with that of the Pedicellinidro, we ought to find it, sometimes at 
least, giviug rise to more individuals than two, and perhaps becoming 
segmeuted. Both of these conditions are occasiol1ally fulfilled. Leidy 
obsel'ved that three, four, or even five sterns may arise from a com
mon ,e basal p]nte." I have observed only three with certainty. Two 
eases of this are shown in Plate V. Figs. 48 and 49. In the first of 
the two cases distinct perforated dissepiments were observed dividing 
the stolon (basal plate) into three segments, out of each of which a 
single stalk arose. 
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6. F01"rnation of tlte Individual. 

Recent cnreful studies on the formation of the individual in other 
Endoprocta, especially by Seeliger ('89&), render a detailed study of this 
process less necessary. There are a few points concernil1g the physio
logical rather more than the morphological features of this process which 
I have attended to in this ease in order to test certain conclusions whieh 
I had arrived at from the study of the earliest stages of hudding in 
Ectoprocta. 

First, the bndding regions are areas of euboidal cells, with relatively 
large nudei and deeply ataining plasma. Such a condition is found in 
both the ectoderm and mesoderm of the proliferating region (Plnte VI. 
Figs. 50, 57), '1'he relative enlargement of the eetodermu.l eells, and 
ut the same time a bending of the whole layer ontward, give rise to 
the first fundament of the new individual. The musculature of the 
new individuals is certainly not derived directly from that of the old 
stalle, for this takes no part in the outbending. Upon tho apex of the 
cylilldrieal protuberanee thua formed the polypide ia produced. '1'he 
details of this pl'ooess I have not followed. 

Secondly, the position and time of origin of tho buds arising from the 
stallt are very definite. They make their appearanco in a zone lying in 
the lower part of the segment (Plate VI. Figs. 50, 58-60), and shOl,tly 
after the formation of the dissepiment w hieh lies j llst below. 

One of the questions the re-examination of which most interested 
me was that of the origin of the alimentary traot, sinco this is stated to 
.Rl'ise differently in Endoproeta and Eotoproeta. 

In an optimtl section of the whole bnd (J)late VI. Fig. 53), it could 
·11e seen that the atrium was oonnected with the young alimentul'Y traet 
at the oral end only. The same thing ia shown in tho series of trans
verse sections, Figures 54-56, in whieh the distal (anal) part of the 
atrial oharnber ia not confineut with the rudiment of tbe alimentary 
traet which touches its fioor, Figure 54, but the two organs are 0011-

fluent at the proximal (oral) part, Figure 56. Figure 52 is fl'Om an 
optieal longitudinal seetion of the bud shown in Figure 53, tl1ken in a 
plane perpendieular to that of Figure 53. Here the alimental'Y tmct, st. 
(Fig, 52; ga. Fig. 53) ia being constricted off from thc atrium. 

Like the young bud, the growing tip of the stolon possesses an ecto
derm consistiug of large euboidal cells (PInte VI. Fig, 57). Tho mesen
chymatous tissne also consists of thickly crowded, undifferentiated, and 
deeply stainillg ceUs (Figures 51, 57). 
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7. Regeneration. 

Like other Endoprocta, Urnatella has the capacity of regel1emting 
its lost calyces. Leidy ('84, p. 13) had already observed thi:3 process, 
and Potts and I have (aa previously mentioned) seen the same thing. 
Figures 3 and 2 (Plate 1.) show some of the pbenomena of regenera
tion. Tbe formation of a new terminal calyx seems to be preceded 
by the formation of the stalk part of the new terminal individual. 
This new formation takes place in one of the segments near tbe distal 
end of the parent stalk. The terminal dissepiment of tbe segment, 
cutting it off from the outside world, is completely closed in its cen
tre by a cuticular plug. 'rhis cuticular dissepiment (Fig. 2, di. sep. 
at the left) becomes torn off fro~ the lateral cuticula of the segment 
along Qne edge, sometimes, as in the figure, remaining attached at 
the opposite edge. I have given on Plute 1. (Fig. 3) a drawing of 
such aregenerating stn.lk befo1'e the polypide has budded from its 
wall. The outer body wall has evidently taken tbe initiative in the 
process, and mesenchymatous cells have migrated in. The drawing 
(Fig. 3) was made from the living anima1, and the mesenchym atolls 
cells could be seen changing form like an amreba. The amreboid 
cells also contained higbly refractive grauules, which I regard as food 
material. These granules were seen moving about in the cells as the 
latter changed in form. 

One striking feature of the yonng segment was the presence of two 
flickering organs, which I now fully believe to be Harne cella with thei1' 
tl1fts of fused eilia. I have elsewhere ('91., p. 39) called attention 
to the part played by amreboid cella in Paludicella on tbe nutrition of 
the young buds. I believe that the amooboid cells here have the same 
function. 

Leidy ('84, p. 13) has suggested tbatthe segments of Urnatella might 
function as statoblasts to preserve the species during the winter. oe 
the eorrectnesa of tbi8 suggestion I have no doubt. Tbe ease with 
whioh regeneration occurs from tbe old segments, und the fact that in 

. stalks in which the calyces bave been for a long time lost one sees the 
cirri of the Harne cells still Hickering, show that tbe tissue snrrounded 
hy the thick cuticula of the segments has a great capacity for retaining 
life, and, nndel' favorable conditions, for reprodncing lost parts. In their 
1'ol8 as statoblasts, the segments need the yolk stored up in their cells 
during the summer. 
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IV. AFFINITIES OF URNATELLA. 

From the frequent opportunity that I have had successfully to COffi

pare the organs of Uma.tella, even in detail, with those of Pedicellina 
and allied genera, there rema~ns no doubt in my mind of its close rela
tionship to those forms. .A.rthropodaria, especially in its segmentation 
of the stem and the associrtted buddillg process, 8eems most elosely to 
resemble Urnatella. In three points of importanee, however, Urnatella 
differs from other Pedicellinidre, namely : (1) in the possession of a cloaea 
(and absence of a brood-sac 1); (2) in the presence of water 01' excretory 
cannJs in the stem and calyx, - which are so striking that they could 
hal'dly have been overlooked if they occurred in other Pedicellinidro; 
and (3) in the absence of the stoloniferous type of budding. 

AB for the last diffel'ence, however, I have tried to show that there ia 
a stolon from which the individuals of the Urnatella stock Il.l'ise, although 
it is small. Whether this l'udimentary condition of the stolon i8 an 
ancestral 01' adegenerate chani.cter is doubtful; I have been inclinod to 
consider it the latter. 

In rogard to tho TIxst diffol'ence, I must point out that in the male of 
.Arthropodnria there LS a condition resembling that fonnd in Ul'natella, 
for in the former genus (Foettinger, '87, Plate X. Fig. 8) the anus, vas" 
deferens, and excretory tnbule open near together. 

The second difference. concerns a very impol'tant .set of organs, und if 
they should be shown to be indeed abseut in .Arthropodn.ria Benedeni, it 
would lead 11S to conclude that in one respect at least, perhaps owiug to 
physiological needs, Urnatella has retained a more ancestral condition 
than its near amee. 

V. AFFINITIES OF TElE BRYOZOA. 

There are three prevailing views coticerning the relationship of thc 
Bryozoa to other graups. According to ono view (most recel1tly and 
ably defended by Ehlers) they find their nearest allies in the Gephyrea; 
according to the second view, they have sprung from the lower worms,
from Rotifer-like ancestors. '1'he third view (that of Hatschek) assumes 
that Eetoprocta and Endoprocta are in fact not closoly related, but tImt 
the former should be placed near the Gephyrea, the latter elose to the 
Rotifem. 

The reasons for this difference of opinion are not far to seek. Thosc 
who have begun their studies with thc Ectoprocta, particularly with 
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their anatomy, have been struck by thcir resemblance - especially in 
the pos session of a body cavity and of a tentll.cular corOU:1 - to thc 
Gephyrea, and pal'ticularly to Phoronis. 'rhose, on tbc cOlltmry, wbo 
bave devoted their studies chicfl.y to thc Eudoprocta, and especially to tho 
development of that group, havc urged tbo socond view. The third view 
sccks to reconcile the two conflicting theories. I favor the sccond uf thc 
'views givcn above because of cortain considerations whieh follow. 

I propose first to show the untenableness of the third view. It would 
then be ncarly sufficient, in decidiug between the two remn,ining views, 
to show that the Endoprocta are the more primitive group of Bl'yozoa; 
hut in addition to this, I shall off er positive evidence of derivation of the 
Bryozoa from the 10wer worms. 

The chief argument for the diphyletic origin of Bryozoa rests on 
these thl'ee important differences between Ectoprocta and Endoproct!1: 
(1) that of the tentacular corona, which includes within it the !1nUS in 
one case, and leaves it outside in the other; (2) that of the body cavity, 
whicb is absent in one ease and present in the other; and (3) that of 
the kidney, whieh is a pronephridium in Endoprocta and (it is alleged) 
a metll.uephridium in Ectoprocta. 

I have, in an earlier paper ('91", p. 103), ShOWll that tbe difference in 
relations of the anus to tentacular corona is completely and satisfactorily 
expl!1ined by the stndy of the development of the po1ypide, in whicb tbe 
closnre of the tentacnlar eorona between month and anns is effected only 
at a relatively late stage. 

Concerning the seeond of tbese differences, Ehlers ('90, pp. 152, 154) 
has already well !1rgned that it cannot be so fundamental, since other un
qnestionably elosely allied groups (e. g. Hirudinea and Chretopoda) differ 
similarly. 1Yloreover, the difference between tbe "body eavity" of Gym
no]remata and Endoprocta is oue of degree, not of kind, for in both cases 
we have to do with parenehymatous tissue more 01' less completely filliog 
the primary body cn,vity. The existence of spaces in the midst of the 
parenchyme of Gymnolremata may be aeeounted for (following Hm-mer, 
'85, p. 64, see also Lang, '88, p. 77) on the physiological ground of the 
necessity of aspace into whieh the polypidcs ean retract. In Phylac
tolremata this pn.renchyme has become, in part, a very definite " ccelomic 
epithelium," although, as I have pointed out ('90, p. 128), showing 
traces of its parenehymatous origin. 

Upon the alleged differenees in tbe kidney, no argument ean be based, 
eimply beeause the existence of an exeretory tubule in Ecloprocta ia 
very l111certain, being at present not oven prohable. 

VOL. XXIV. - NO.!. 3 
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A fourth differenoe, which I do not remember to have seen mentioned, 
coneerns the position of the sexual glands. In Endoproeta they urise on 
the polypide and are connected with the atrium by a special duet. In 
Ectoproeta tbey arise on some part of the body wall. In a11 eases, how
ever, they arise from the mesenchymatous tissue,or its equivalent, thc 
ecelomie epithelium. The exact position is not signifieant, for even 
within the group of Phylactolremata wa find the testis arising sometimes 
on the funiculus (Plumatella), sometimes on tbc body wall (Cristatella), 
and in neitber ease at the same plaee with the ova. 

On the otber hand, the resemblances between Eetoproeta and Endo
proeta are striking: in both a curved alimentary traet, with tentacles 
of similar histologieal strueture; in botb, an atrium originating in the 
same manner; the central nervous system in both alike in position, 
form, strncture, and development; in both the polypide originating in 
comparable ways, involving the same problem of the relation of the germ 
layers to the organs of tbe budo Moreover, there must remain uumen
tioned many minor resemblances which individually are not very signifi
cant, but which, occurring together, furnish a most powerful argument to 
the mind of one studying tbe animals themselves . 

. Hatschek's view seems to me, therefore, untenable, and it remains to 
inquire wbetber tbe Bryozoa have been derived, accompanied by degen
eration, from an Annelidan ancestry, through Gephyrean-like forms,! 01' 

whether they represent a persisting low type. As we have seen, tho 
first hypothesis must be relinquished, if it can be shown that the Endo
proeta are the more ancestral type. 

In any group of sessile, colonial animaIs,we should expect thc more 
ancestral type to retain more distinctly its individuality, to possess in a 
more markeddegree features belonging to a free, non-colonial life, und 
in a less mal'ked degree those belonging to a sessile, colonial one. Thus 
in its development the group will lose certain characters and gain cer-
tain others.2 A well marked individuality accompanied by a simple 

1 As is weIl known, Hatsehek ('83, p. 69) has long maintained that Phoronis snd 
the Sipuneulacere have not been derived from Annelids aB the Echiurida have, but 
from Ullsegmented ancestors; and this view has become very widely aecepted. 
Ehlers, bowever, seems to adhere to the older view. 'Vhatever the truth may be 
in regard to this matter, tbc validity of my argument hased on embryology and 
comparative anatomy concerning the absence of elose relationship betwccn PIlo
ronis and Bryozoa 1S notaffectcd. 

2 Lang ('88) has shown, by an instructive ana.lysis, that in sesaile animals loco
motor snd sense organs, the nervous system, and the musculature tend to degener
ate, and that tbe tentacles and protcctive coverings become more impol'ta.nt. . 
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method of budding (Loxosorna); a relatively poody devcloped, incom
pletely retractile lophophorc; a complicatcd system of sense organs 
aud nerves (Loxosoma); sexual and exeretory duets; a typical larval 
(trochophore) form, - these distinguish theEndoprocta. On the other 
hand, the Ectoproeta are marked by a lass of individuality (cxistcnce 
of ccenoem1, Phyhctolremata), by a highly complieated lophophore pl'O
vided with means for eOlllplete retraction, by absence of a complicated 
nervous system (smaH ganglion of Gymnolrem!Lta), by absence ('I) of sex
ual and exeretory ducts, and by abbreviatcd larval lire (passed within 
the body of the mother). 

Stronger than this argument 1S the fact that in the development of 
thc tentacular corona aud of the alimentary tr!wt - at first without a 
CceCUIU - Ectoprocta pass through stages more near]y resembling the 
adnlt Endoprocta condition than their own adult condition does. 

These facts seem to me to prove, if morphological prineiples can be 
relied upon, that Endoprocta are nearer the ancestral form of B1'yozoa 
than Ectoprocta. 

Admitting that the Enelop1'octa are more ancestml than the Ecto
procta, I caunot conceive how any one can maintain a elose relationship 
with Phoronis. For the line conl1ecting mouth and anus js in Endo
procta ventral, while the corresponding line in Phoronis is dorsal, as 
CaldwelI ('83, p. 372) has shown, and the kidney is a metanephridium. 
These facts far outweigh, in my opinion, similarities in tento.cular co1'ono., 
epistome, and bellt alimentary tract. 

The absence of a true body cavity, aud the existence of a water 01' 

excretory system ending in flame cells, point cOllclusively to an origin of 
Bryozoa from the lowest worms. For such an excretory system is fonnd 

. elsew here only in Platyhelminthes, Rotifera, anel in a modified form 
in Nemertines (Bürger, '91). On the other hand, the existence in the 
sto.lk of epithelial (in addition to mesenchymatous) muscles looks like 
an advance beyond I~otifera nnd Platyhelminthes. But it does not. fol
low that such muscles existed in the ancestors of Endoprocta; they 
may have been produced by causes similar to those by virtue of which 
they oeeur in N ematodes. 

lIatsehek ('77, p. 528) suggested, anel lIarmer ('85, p. 11, 35) has 
siuce shown, that the ganglion of the Endoproeta is to be rega1'ded as a 
subcesophageal ganglion. Zelinka's ('91, p. 337) diseovery of a subce
sophageal ganglion in Rotifel's is interesting in this connection, as mak
ing more probahle the assumption necessary for the preceding view, that 
the aneestor of Rotifers and Endoprocta possessed such an organ. 
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Olle cannot refrain from noticing the similarity in tha relations of tho 
"nnder lip" of Rotifers (Zclinka, '91, Taf. IIL Fig. 55) and the epistome 
of Bryozoa (cf. also the foot of Mollusks). 

Zelinka has also shown (p. 397) that in Callidina at an early stage 
two lateral folds appeal' on the ventral side of the embryo, enclosillg bo
twoen them the mouth and uuder lip. These folds extend alollg about 
one half of the length . of the embryo. Lat.er they become relatively 
shOl'ter) and finally form the lobes of the wheel organ. They have also 
precisely the position of the lophophoric ridges of Ectoprocta at an early 
stage, as I have figured it ('91, Fig. 25), lying on each side of the mouth 
und ganglion. They have also the same relatiolls as thc ridgcs from whieh 
thc gill filaments arise in Lamellibranchs. Ll1nkester's ('74, p. 80) view 
of the homology of the tentacles of Bryozoa and gill filaments 01' Lamelli
branehs is thus strongthened. 

Finally, thora is between Rotifol's and Endoproeta a striking similarity 
in the position of anus and urogenital duets, which in Urnatella, as in 
Rotifers, open into EI, common cloaea on tlle snbresophageal aspeet be
tweell mouth and anus. Such a resemblance is especially striking in 
footless genera like Asplanchna (which, however, has no anus, cf. Ma
sins, '91, fig. 1) and Hertwigia (L. Plate, '85, Fig. 7), -genera resembling 
more nearly the ancestral form, sinee the foot, lying hehind the anus, 
must be eonsidel'ed as a secondarily produced appendage. 

To sum up: The cmbryologieal as weIl as the anatomieal cvidence 
seems to sustain the vjew that Bl'yozoa are elosely related to Rotifers, 
the two groups having sprung from an anceator wh ich was common to 
them and Mollusks also; that after the Rotifer stom had branched off, 
the eommon Mollllsco-Bryozoan stern prodnced tentacles on the lateral 
ridges; that the two gronps then 800n separated, the Mo11usca to Ul1-

dergo an extensive and complieated development, the Bl'yozoa to l'omain 
at a low level. The chief changes whieh the Bryozoa hu.ve expel'ieneed 
are (1) the acquiring of a hody-cavity throngh the relative deCl'ease in 
amount of the mesenchyme, that whieh reml1ins forming an epithelium 
(Phylactolremata); (2) the lass (1) of the protonephriclia and sexual 
dnets in Eetoprocta; (3) the loss of tho epistome (Gymnolmmata) j 
('1) the loss of the preoral ganglion; (5) the acquiring of fL crecmn (Ec
toproeta) j (6) the multiplication of methods of reproduction, hy regen
eration, by budding (without and with stock-formation), by' division of 
stocks, anci by statoblasts. 

CAlImRIDGE, September 27, 1892. 
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SU~[]IAny. 

The segmented stern of Urnate11n. consists of a two-Iayered cuticnla; 
an onter epithelium (ectoderm) consisting of cells flllttened except at 
the transverse septa aud at the distal end of the stalk; and an axial 
portion eonsisting of elongated eells, many of whieh are vacuolated, und 
surrounding w hieh thcre i8 no intercellular sn bstallee. (Pnges 4, 5.) 

Thc musculature of the stalk consists of radial sheets of fibrillre, sev
. eral of which develop in a single cell. (Pages 5, 6.) 

Many of the vacnolated cells of the stalle end in flame ceHs like the 
water 01' excretory tubules of Platyhelminthes. (Pages G, 7.) 

Y olk is developed in thc cells at tbe base of the stalk, first as fine 
intercellular granules, which later fuse, this process being aecompanied 
by cell degeneration. (Pages 7, 8.) 

The lip of the atrium contains a sphincter, and resembles in its rela
tions the "margilled thickening" of Ectoprocta. (Pages 9, 10.) 

'rho epithelium of the tentacles eneloses a parenchymatons core. A 
pair of muscles is pI'csent. (Page 15.) 

The alimentary tract resembles tImt of the Pedice1linidre, except that 
the lower wall of the rectum aud the upper wall of the intestine are in 
elose contact. (Pages 11, 12.) 

Tho llephridial tnbules end blindly in flame cells, aud open into a 
cloaea, il1to which open also anus anel the vas deferens. (Pages 14,15.) 

Two kinds of bnds arise from the Urnatella stalk; "branches," which 
are typically median, and "stolons," typically lateral. (Page 16.) 

Tho segmentation of the stalk is prohably an adaptation to tlle pro
cess of budding, which 1S accompanied by a greater liability of tbc wall 
of the stock to rupture, and therefore hy a greater need of separation of 
the staUe iuto compartments. (Page 20.) 

In aU Endoprocta the oral aspect of the hnds is turned towards the 
centre of proliferation, and in a11 Bryozoa tbe aspect in which that end of 
tbe alimentary tract wbich arises from the principal outpocketing of tbe 
atrium lies 1S turned towards the gemmiparous zone. (Pages 22, 23.) 

The youngest stocks found consisted of a stolon hearing two incli
vidnals. This has heen derived from the "stolons" of the parent stalk, 
, .. hich habitnally become free for the purpose of founding new stocks. 
(Page 2G.) 

Urnatella is, structurally, oue of the Pedicelliuidre and most naady 
resemhles Arthropodaria Benedeni. (Page 30.) 

The Bryozoa have prohably been derived from Rotifer-like nncestors. 
(Page 34.) 

• 
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Bryozoa, i. 120-123, 139; H. 38,41, 64, 61, 
66,71,72,86-88, 93, 94, 98, 100, 105; 
iü. 1, 12, 16-18, 24, 30-34. 

Rhabdopleura, i. 138; iii. 11. 
Endoprocta, i. 110, 126, 127, 132-134; 

ii. 19, 61, 102-104; iii. 7, 8, 11, 13, 
15, 17, 19, 22-24, 28-34. 

Loxosoma, i. 126,127, 139; iii. 9,11, 
15, 20, 22, 25, 38. 

Pedicellinidre, iii. 2, 9, 11, 15, 20, 
27,30. 

Arthropodaria. See P. Benedeni. 
Ascopodal'ia, ii. 102 j iii. 6, 9-11, 

13, 15, 19, 21. 
Barentsia, iii. 20. 
Gonopodaria, Bi. 19, 20. 
Pedicellill!1., i. 121-123, 127, 128, 

132, 139 i ii. 105; iii. 22, 25. 

BI'.1Jozoa, PedieellillH, - conti1l1led. 
P. Americulla, iii. 1 U. 
P. Belgiea, iii. 10, 20. 
P. Benedeni, iii. 9, 15, 10, 20, 30. 
P. cehin!1.ta, iii. 10, 11, 1U. 

Ul'l1atella, iii. 1-16, 1!J-22, 24, 26, 27, 
2!J, 30, 34. 

Ectoprocta, i. 102-104, 127, 132, 133; 
ii. 61, 90; in. 0, 17, 21-2'1 28 , , 
30-3'1. 

Gymnolrem!1.ta, i. 110, 126-128, 131-
134; ii. 4, 40, 54, 55, 60, 67, 81, 
82, 89, 07, U8; iii. 0, 22, 31. 

Cheilostomata, i. 121,123,126,136; 
ii. 52, 53, 56, 60, 61, 63, 64. 

Bugula, ii. 34, 41, 46, 48-111, 65, 
60, 81, 80, 87, 00-!)2, 04. 

Escharella, H. 52, 54, 59, 60, 81. 
E ucratea, ii. 04. 
Flustra, i. 127; 136, 139; ii. 34, 

53, 58-60, 64. 
Lepralia, i. 127; ii. 34,47-50,62-

64, 56, 58, GO, 86. 
Membmnipora, ii. 20, 34,59, 60, 

64, 90, 91, 96. 
SCl'upocellnl'ia, H. 34. 
Tendnt, ii. 60. 

Ctellostom!1.t!1., i. 123; H. 32,33,60, 
63, 75,103. 

Alcyollididre, H. 80. 
Alcyonidium, i. 126; H. 90-03. 
Bowerbankia, H. 34, 40, 60-63, 

80, 97. 
Cylindrrocium, ii. 78. 
Farella, H. 61. 
Flustrella, i. 121; ii. 23, 49, 53, 

55, 56, 58-60, 64, 91-93. 
Hypophorella, i. 121; H. 34, 60, 

78, 70. 
Lagunculn, ii. 61. 
MimoselIa, ii. 78. 
P!1.1udicelIa, i. 121, 123, 126, 132, 

139; H. 2, 13, 1(1, 22, 26, 67-
64, 72, 73, 75, 76; iii. 20, 23. 

Stolonifera, ii. 78, 79. 
Vesiculul'in, H. 70. 
Victtirella, ii. 75, 70, 78, 79. 
Zoöbotryon, i. 122. 
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B'·.l/ozoa, Gymnolromn~:t, - contitl/lerl~ ., I Cell, - cOl!ti'.I!ll'd. '" ., 
Cyclostomata, H. 50, 81, 00, IJ_, 90. : granules, H. 10; 111.12,1 ... 

Crisia, ii. 50, 51, 61, 81, 86, 87.: staining properties, H. 10; iii. 12. 
Tubuliporidre, ii. 81. llucleus, 

Phylnctolromata, i. 102, 127, 128,132- deeply stainin~, i. 130. 
135,139; ii. 10, 20, 22, ~4, 26, 30, large, ii. 5, G, 9, 10, GD, 98; iii. 6, 28 
54, 57-63, 67; Hi. 8-11, 22, :m, Stäbchen, Bi. 12. 
31-34. I yolk, ii. 34,36, 37; iii. 7, 8,29. 

Alcyonella, i. 102, 103, 107, 110, Cell sorts, 
122-124, 135, 144, 145. amOlboid, ii. 7, 38, 116, 117, 142. 

Cristatella, i. 103, 104, 107, 111, chlorogogen [of Annelids], H. 36. 
122-120, 131, 132, 134; ii. 2, 22, digesting, i. 141. 
62, 57-70, 74, 75, 87, 90, 98; elongated, iii. 5. 
iii. 32. embryonic, i. 109; 5, 6, 10. 11, 65, 69, 

Fredericella, i. 131, 134. 72, 08-102; in. 24, 28. 
Lophopus, H. 61. --yolk within, H. 08. 
Pectinatelln, i. 134; ii. 102, 104. flame, m. 4, 6,13,20. 
Plumntella. i. 110, 131; ii. 2, 30, cirrus, in. 4, 6. 

67-70,73-76; W. 17,32. gemrniparous. See embryonie. 
J.follusca, i. 138; ii. 16, 29, 89. granular, ii, -99; iii. 12, 29. 

Lamellibranchiata, iii. 34. hepatic, i. 141; iii. 11, 12. 
Awwlida, i. 138; ii. 29; iii. 32. mesenchymatous, i. 126; ii. 10, 28-30; 

Chretopoda, i. 121; H. 84, 89; iii. 31. iii. 10, 12, 13, 29. 
Autolytus, H. 85. muscle, i. 143; ii. 28; m. 5, 6. 
Chrotogaster, H. 84. attachment, i. 142, 143; _ ii. 28, 29; 
Ctenodrilus, ii. 84. iii. 13. 
Nais, H. 84. cross striped, i. 141; ii. 91. 

Hirudinea, ii. 38, 89; iii. 31. fibrillre, i. 143; H. 28, 30; iii. 5, 6. 
GephYI'ea, iii.· 30-32. migration of point of attacl!ment, i. 
Sipullculidre, iii. 24, 32. 117,141-143; H. 14,16,28,2(1. 
Pho/'onidre, i. 138; iii. 31-813. nerve, H. 62. 
Sagitta, i. 124. phagoeyte, ii. 36. 
Artln'opoda, ii. 38. reticulated. ii. 6. 

Crustaceai ii. 29. secreting, Bi. 25. 
Astacus, ii. 89. vacuolated, iii. 5, 7, 8, 12, 13, 26. 

Ttmicata, i. 123; ii. 96, 98. Cuticula, H. 5-7, 11, 14, 15, 18, 29, 31; 
Pyrosoma, ii. 97. in. 4, 9. 
Salpa, i. 121. Tissues, 

Vlll'tebrata, epi tbeli um, 
'l'eleostei, iii. 8. ciliated, iii. 10-12. 
Amphibia, ii. 98. columnar, ii; 8, 65. 

HISTOLOGY. 
Cell, 

basement membrane, Bi. 11. 
eeH wall, perforated, H. 63. 
eilia, iii. 12. 
gelatinous bodies, i. 144, 145. 

free surface of N., in. 12. 
pavement, H. 10. 

derivation from columnar, ii. 66, 
68,101. 

transition to mesenchyme, H. 54. 
variations in thickness, ii. 8, 15; iii. 

4, 5, 12. 
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HISTOLYSIS. 

Cellular, i. 131, 144, 145; iii. 5, 7, 8. 

MORPHOLOGY, GENERAL. 

Bilateral symmetry, 1. 111; ii. 9. 
Change of form, ii. 24. 

• Evagination, H. 10, 11. 
Form of bouy, H. 2. 
Germ layers, relation of, to bud layers, 

ii. 88. 
Invagination, ii. 8, 9, 102. 
Region of growth, ii. 9. 
Rotation ofaxes, H. 24, 25, 62, 63. 
Unequal growth, H. 25. 

1vloRPHOLOGY, SPECIAl" 

Bryozoa, aspects of, 1. 102, 103; iii. 33. 

ONTOGENY, GENERAL. 

Blastopore, ii. 104, 105. 
in buds, iii. 23. 
concrescence of lips of, in bud, iii. 

23. 
Blastulation, H. 68. 
Body cavity, i. 124. 
Cleavage, 1. 124; ii. 68. 
Entoderm, ii. 89-95. 

10ss of, through 1088 of funation, i1. 
93-95. 

Gastrulation, i. 124, 125; H. 90-92; Bi. 
23. 

Mesenel1yme, i. 125. 
Mesoderm, i. 125; i1. 68, 91-94. 
Oögenesis, H. 69, 97. 
Schauonology, Geneml, 

I ... arvallife modified by 
fresh water, ii. 89. 
intra-uterine Hfe, ii. 89; iii. 33. 
-length of, ii. 93, 94. 

SChadonology, Special, 
Bryozoa, H. 89-95. 

Cyphonautes, ii. 91-94. 
Comparison of Emloproct and Ecto

proet In rvre, ii. 106. 
Spermatogenesis, in. 16. 

ONTOGENY, SPECIAL. 
B1'yozoa, 

Relation of blastopore to region of ori. 
gin of first polypide, ii. 92. 

Relation of blastopore to embryonie 
tissue, ii. 97, 105. 

ORGANOGRAPHY • 

B1'yozoa, 
Alimentary tract, i. 111-113, 1240, 127P, 

139-1410 ; ii. 19, 57, 58,62,64°, 1040F; 

iii. 11-14A , 280. 
-of larva, ii. 90, ~J10. 
Anus, i. 1400; ii. 20, 21, 24, 57, 58, 

62, &30; iii. 11-13A , SOp. 
Atrial fold, iii. 11 A. 

Atrial groove, iii. 10, llAF. 
Atrial opening, i. 1440; ii. 31, 320; 

Bi. flAO. 

Atrium, i. 110, 112°; ii. 18-21, 67, 58, . 
1030 ; iii. 10, 11 A, 230. 

A vieularia, H. 64. 
Basal pIate, iii. 16A , 25, 271IFP• 

homology with stolon, iii. 27. 
Branch, ii. 9, 110 ; in. 16, 17 A, 24H , 27F , 

Body cavity, in. ISA, 31P . 
Body wall, i. 117-120, 122-]24°; H. 12-

18, 530; iii. {lU. 

Brown body, H. 64-660 . 

Cardiae valve, i. 1400; ii. 190, 
Calyx, Ei. 9. 
Cirrus. See Tenta.cle. 
Cloaea, m. 11, 14, 15, 29A • 

Closing eeU of diaphragm, iii. SlI. 
Crncum, i. 140, 1410 ; H. 10, 20, 630 ; 

iii. 33P• 

Crnlomic epithelium. See Mesoderm. 
Crenocrnl, i. 103 ;)ii. 33P• 

Co11are setosum, ii. 320, 103? 
Couronne (of larvIL), ii. 90. 
Communication pinte, H. 32, 330, 38-

40, 76, 78F . See also Septum. 
Diphragmn, H. 32, 63, 10aop ; in. gp. 
E t d .. "70 ... 4 6 9ll C 0 erm, IL U' ; 111. " . 

Endosarc, i. 120, 12SoP. 
Entoderm, ii. 89-95, 970. 
Epistome, i. 138, 1390; ii. 6.1 0; iii. llAP, 

841'. 
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Br.1jozoa, - continued. 
Epistomic canal, i. 115, 1390. 
Excretory organs, i. 130; ii. 64; iH. 14, 

15AP,3SP• 

efferent duct, in. 14A • 

tubule, iii. 6, 7HO, BOP. 
intracellular lumen, ili. 7. 

Foot gll1nd, iii. 25P • 

Funiculus, i. 109, 115, 116, 141, 142°;' 
.. 300p ••• 32 11. ; 111. • 

migration, i. 116. 
Gabelkanal, i. 130P • 

Gemmiparous zone, H. 4, 6°. 
Gizzard, ii. 63H • 

Incubatory chamber, iii. 15A • 

Internal sae (1I1rva), ii. 90, 93. 
Intestine, iii. 11; 12AH• 

Kamptoderm, i. 1150; ii. 2, 21, 22, 25, 
31,56,57,59-620 ; iii. 9 AP• 

Lip of atrium, in. 9, 10A • 

Lophophore, i. 132-134P ; W. 33P • 

Lophophoric arms, i. 114°. 
fusion of, i. 130, 131, 134. 

Lophophoric ridges, H. 20-230 ; iii. 34P . 

Mantle cavity (larval), H. 90. 
Mantle fold (larval), ii. 90. 
l\farginal thickening, i. 1440 ; H. 32, 

103P ; iii. 9, 10P • 

Mesoderm, ii. 5-7, 10, 54, 56,890 . 

Metanephros, iii. 31, 33P • 

:t.lusculature, i. 116; ii. 630. 
anal sphincter, ii. 32; iii. 11, I3A • 

atrial spbincter, in. 13AF• 

intestino-rectal sphincter, iii. 11, 
12Ao• 

lateral-wall, iii. 13, 14A . 

parietal, ii. 28-300. 
parieto-vaginal, i. 143, 14.4°; ii. 2, 13, 

28, 630. 
pyramidalis. See parieto-vaginal. 
retractor, i. 117, 141-143°; i1. 13, 

28, 630. 
rotator, i. 117, 141-1430. 
stalk, m. 5, auo, 190, 25A • 

transverse, iii. 13, 14A • 

Neck of polypide, i. 121, 1440 ; H. 18, 
310, 61 A , 63, 650. 

Neck of orecium, H. 69, 700. 

Br!/ozGa, - continued. 
Nephridium, i. 130; ii. 103; iii. 14, 

10AO• 

Nervous system, H. 26, 610 . 

circumresophageal nerve, i. 136, 1380; 
ii. 26, 620 • 

ganglion, i. 113-1150, 127, 128P ; ii. 
24, 26, 55, 61, 630, 103P ; iii. 15, 
16AH, 24, 32, 33P• 

gastric nerve, ii. 26, 620 . 
<Esophagus, i. 112, 1400; ii. 19, 20, 

26A, 58, 62, 630; iii. 12AH• 

Ocecium, i. 124; H. 680, 
Operculllm, H. 64A • 

Oviduct, iii. 15A • 

Parenchymatous tissue, i. 126; ii. 91. 
Pharynx, i. 1400; ii. 21, 24,26,57,63°. 
Pronephridium, iii. 31, 34P • 

Pyloric valve, i. 1400; iii. 12A.. 
Pyriform organ (larval), H. 00, 93. 
Randwulst. See Marginal thickening. 
Rectum,.ii. 230; iii. 12H • 

Ring canal, I. 129, 130, 133-1350 ; H. 
21, 22, 24, 580 • 

Rosettenplatte. See Communication 
plate. 

Segment of stalk, iii. 1, 3, 16A • 

relation of formation to strobiliza
tion, iii. 19, 21. 

Septum, ii. 11, 32, 030 ; iii. 4, 5, 8, 9A • 

intersegmental, iii. 4, 5, 8, DAH, 19, 
20oP. 
b I · .. 44F ... 8 9AH 210 SU ca yeme, 11. ; IU., , • 

Sexual ducts, iü. 15A, 30, 32, 34P• 

Sexualorgans, 
ovary, ii. 680 • 

testis, Bi. 15A• 

Stalk, iii. 1, 3-9AH• 

Statoblast, i. 111, 1250 ; ii. 34; Bi. 8, 
29,34. 

Stolon, ii. 75, 77-790 ; iii. 16, .17A , 24lt, 

26, 27F l'. 

Stomacb, i. 140, 1410 ; H. 19, 23, 24, 
620; iii. 11, 12AH• 

Subcesophageal ganglion. See Nervous 
system. 

Tentacle, i. 132, 135, 1360 ; ii. 20, 22, 
58, 590, 103P ; iii. 1, 10, :HA. 
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Bryozoa, Tentacle, - continued. 
sequence oi formation, i. 132, 135 j 

H. 23, 59, 62. 
number, H. 24, 25, 59; iii. 1, 10. 
odd tentacle, ii. 25, 26; iii. 10. 

Yolk spherules, iii. 7, 8 
C1lidaria, 

Septum, iii. 2111'. 
111011llsca, . 

Foot, in. S4P • 

Gill filament, iii. 34P• 

Rotifera, 
Anus, iii. 34A • 

Cloaca, in. 34;A. 
Foot, Bi. 34A • 

Subresophageal ganglion, in. 33A • 

Urogenital ducts, Bi. 34A • 

Wheel organ, 34A• 

Tunicaia, 
Nervous system, ii. 960. 

PHYSIOLOGY. 
Cellular, 

Cuticularization, ii. 33. 
Excretion, 

Bryozoa, ii. 66. 

REGENERATION. 

Calyces in Urnatella, iii. 2, 29. 
Polypide in Gymnolromata, ii. 64, 65. 
Relation to normal polypide formation, 

ii. 65. 

REI,ATIONSRTrs. 

Bryozoa and other Metazoa, iii. 31-34. 
Ectoprocta and Endoprocta, i. 132, 133 j 

ii. 102-105; iii. 31, 32. 
Gymnolromata, ii. 75-81. 
Phylactolmmata, i. 104. 
Urnatella, iii. 30. 



EXPLANATION OF PLATES. 

All figures were dl'awl1 with the aid of a camera lucida, from preparatioDS of 
Urmltella gracilis, unless otherwise stated. 



DA VENPOR'l'. - Urnatella. gracilia. 

Fig. 1. 

" 2. 

" 3. 

t< 4. 

" 5. 

" 6. 

l< . 7. 

PLATE 1. 

ABBREVIATIONS. 

atr. Atrium. di. ba. Basal disko 

de. Scar of fallen-off budo di. sep. 'rl'ansverse septum. 

cl . .flm. Flame cello gm. Bud. 

cl; 1Ili. Migratory eell. nlU. Muscle fibre. 

ela. Cuticula. nl. Nucleus. 

ex. Calyx. pli. crc. Cireular folds. 
cx.rgll. Regenerating calyx. vt. gran. Yolk granules. 

Regeueratiug stalk of Urnatella, viewed aB an opaque object. X 96. 
Optioal section of the same. X 96. 
Optienl seetion of the distal end of astalk of Urnatella which is pl'obahly 

about to regenerate, from living animal. X 410. 
Optical section of the proximal urn of the stalle of Ul'natella. Showing 

thick cuticula and yolk granules. X 165. 
00ntent6 of proximal urn, obtained by crushing. Moving CililL were visible. 

Nuelei in some of the yolk granules. X 320. 
Stock of Urnatella. viewed as opaque object. Three stems arising from 

the basal disko Buds and regenerating terminal calyces. X 36. 
Optical seotion of stalk of Urnatella. X 96 • 
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DAVENPOR'I'. - UrnateUa, gracllis. 

J!'ig. 8. 

H 9. 

" 10. 

" 11. 
ce 12. 

" 13. 
u 14. 
" 15. 
" 16. 
" 17. 

PLATE H. 

ABBREVIATIONS. 

«tr •. Atrium. gn. Ganglion. 
cl • ./lm. Flame celI. in. In tes ti l1e. 

. cl. hp. Hepatic cells: ms'drm . Mesoderm. 
cl. sec. Secreting cells. mu. Museie fibre. 
cl. tb. Tubular cells. nl. Nucleus. 
eta. Cuticula. nph. Nephridium. 
cta/ Outercutieula. 00. CEsophagus. 
eta.!' Inner· " rif. atr. A trial opening. 
di. ba. :Basal disko pa'clLY· ParelHlhYllle. 
di. sep. Dissepiment. rt. Rectum. 
ee'drm. Ectoderm. vt. 01' 

~ Yolk granules. 
ga. Stomach. vt •. gran. 

Longitudinal seetion through proximal part of stallt of Urnatella. Third 
stage in the formation of yolk granules. X 610. 

Cross seetion through distal segment of stalk, showing ectoderm and pa
renchymatous tissue inside. X 405. 

Third stage in the development of the stalk museies. Zeiss, l1r oll immers., 
Oe. 2. X 1350. 

Seeond stage in the development of thestalk musc1es. X 1350. 
Termination of exeretory tubule of stalk in fiame ceH. The position of 

the calyx is above. X 305. 
First stage in deyelopment of yolk in stallr. X 610. 
Second stage in development of yolk in stalk. X 610. 
Median section through young stalk (aga of Fig. 81 in PÜtte V.). X 165. 
Fourth stage in tbe development of the stalk musculature. X 1350. 
First stage in the development of the stalk muaeulature. X 1350. 
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