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T WO NEW SPEOl ES OF 'l'HE PHORONID.l!:A. 257 

Two New Species of the Phoronidea from 
Vancouver Island. 

By 

H. L. lU. Pixell, B.Sc., F .Z.S ., 
Demonstrator of Zoology and Reid F ellow, Bedford College, 

University of L ondon. 

With 16 Text-figures. 

£" rfHE aninrn,1s de ·cribed iu this paper were obtained while I 
was working at the :Marine Biological Station, Departu re Bay, 
Vancouver Is1and, in the summer of 1911 during my tenu1·e 
of the Reid Fellow hip. rrbey include two species- one 
belonging to the genus Phorou is (Wright, 1856), t he other 
to the genu Phoro,1op. is (Gilchrist,, 1907) . 

I. PHORONIS VANCOUVERENSIS N . SP . 

This is a colonial form occnning in large compact, more 
or le hemi pherical ma ses attached to the cretaceous 

and tone forming the island itua ted in Departure Bay. 
'rhe colonies (Fig. 1) rnea. ure 5 cm. or more in diameter, and 
generally adhere to overhanging rocks near low-water mark. 
Each colony i compo. ed of numerous individuals with 
brownish chitinous tubes, so very much intertwined that it is 
difficult to obtain a complete pecimen from the tangled 
ma: . 'l'lie proximal enJ~ of the tu be are rounded off, and 
the whole tube seems carcely a· long as the expanded 
animal. The total lengtli of an average large specimen is 
10 1111n., the tentacles fonuiug 2 to 3 mm . of tLis; the width 
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258 H. L. M. l'!Xr.LL. 

oE a large specimen just below the lophophore i rath er lesH 
than 1 mm. , while t-he arnpulln, measures 1·2 mm. in diameter. 

The animal. are colourless and transparent except for n 
g reatel' or smnller numbel' of irregularly arranged opaque 
white spot . Th ese spots are quite conspicuous in tl1e living 

TEXT-FIG. 1. 

Part of a colony of Ph o r oni s vane on ve r en is from a, photo-
graph. ( X 2.) 

animals, and are caused by ma ·:es of rni,,u te granule · on 
the surface of tlie epide rmis, occu rring chietly on the 
tentacles and distal r egion of the body. They can be 
craped off the surface of the auimal, an<l in cutting section ~ 

the g ranules become liberated, and obscure to a considerable­
extent the cell detail in the animal , in w bich they are 
numerous. rl'he ma ses are white and opaque when viewed 
with r eflected li ght, but the individual gra,nule are more or 
less transparent and refringent with transmitted light. rl'he 
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nature of this pigment will be considered later in relation to 
th e vaso-peritoneal tissue. 

'l'he lophopliore is somewhat horseshoe-shaped, and is 
pi-ovided with about ninety tentacles; these varied in speci­
mens connt;ed from about 72 to over 100, but the average for 
ten. fairly typical forms was 90·9. 

'l'he lophophore organ is absent-at ]ea t I have found no 
trace of i t in the seriBs of specimens (twenty-five to tbiety) 
that I have examined; this is probably due to the fact t hat 
the specimens were collected during the beginning of 
'eptember, when practically all the generative products had 

been shed, an<l a brood clrnm ber, as Gilchrist (7) supposes this 
organ to be, would no longer be required. 

Body- wal l.-Tbe epithelium is compo ·ed oE tall columnar 
cell:-, except over the greater part of the ampullc1, where 
the_v are almo t cnbica.l ( Fig . 2, 3, 4). 

,.rhe glandular cell are nnmerou , a11d have three different 
content:: (i ) very fine granule , (ii) much coar er spherical 
gra,nnlc or globule , 2 to 3 µ, in diameter, aucl (iii) a 

homogeneon ' mucu , which may sometimes be seen pro­
trncliuo- on to the surface, leaving the goblet cell below 
empty (Fig. 12, m. g. ). Alt the e contents are yellowish and 
refri n o-ent when n n tained; the,v do not stain easily except 
with it-on-hromatox:ylin. rrhey are all found in the upper 
region of the bocly a· well a· on the ampnlla, in thi 
re ·embling, according to i 'ely Longchamps ( [14], p .. 8), Pb. 
p ammophila and Ph. sabatieri rathel'thanPh. hippo ­
crep1a. 

'l'he proximal region of the ampulla is covered with very 
long colnmna1· cell.) iuter per ed with numerous glandular 
011e, wherea Ph. an trali ha no glandular cell, or very 
f win thi.- po itiou (B nlrnm [2]) p. 11). The ·e long epidermal 
cell· extend for a ·hort distance up the ide ·, and oTadna,lly 
ni rge into tbe typical cubical epithelium covering the 
ampnlla. rrhe pro.·imal body-wall i often invaginated to form 

a pit, but thi · i: by no meaus alway the case, anc.1 in one 
that had a, convex, proximal end I found in longitudinal 
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TEXT-FIG. 2.1 

Transverse section through the lower cesophageal region to show 
low irregular fascicles of longitudinal muscles. Formula : 
1922 

61. ( x 180.) For lettering see footnote. 
713 

1 [Figs. 1 to 5 are of Ph. vancouverensis, and Figs. 6 to 16 of 
Phoronopsis harmeri.J 

[The ahbreviations used are the same throughout the paper.] 

LETTERING OF THE FIGuRES. 

a. c. Anterior ccelom. a. p. Anal papilla. a. v. Afferent vessel. b. c. 
Red blood-corpuscles. b. t. Basement tissue. c. Collar. cap. Capillary 
cocca. c. b. Ciliated band in pregastric region of digestive tube. c. m. 
Circula.r muscles. col. ep. Columnar epithelium. cu. ep. Cubical epithe-
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sections that the mesentery which attaches this extremity 
to the bend in the digestive tube during life was broken; 
consequently it seems probable that the pit which has been 
so often described is only caused by tension in this mesentel'y 
due to its contraction. A similar slight concavity is fre­
quently seen in the body-wall at the insertion of the lateral 
mesenteries (Fjgs. 2 and 4, l. mes.). 

The bnsement tissue (Figs. 2 and 5, b. t.) consists of a homo­
geneous mern brane without any cells such as have been 
observed in Pho r on ops is ha rrn er i, subsequently to be 
described. 

Muscular Layers.-~rhe circular muscles seem to be as 
usual in other species of Phoronis, and the distal region of 
the body is traversed by numerous radial muscles (Figs. 2 
and 5, r. m .). 

'J.1he longitudi oal muscles are greatly developed, and differ 
from those of all species so far described iu the fascicles 
having a different cba.racter at different level . In the distal 
region the fibres are arl'anged omewhat irregularly to form 
fa cicles a de cribe<l foi· Pb. hippocrepia, Pb. buskii 
(.\,fc[nto h [12]), Ph. a,ustralis (Benham [2]) (Fig. 2, l. m.), 
whe1·eas in the region oE greatest development, i.e. about 

lium. cl. Diaphragm. d. ci. Digestive areas of stomach. d. b. c. De­
generatina blood-corpuscle . ep. Epistome. e. 'l:. Efferent ve sel. f. 

erve-fibril . f. c. Fusiform corpu cles. fol. Follicle cells of ova. g. 
anglionic ma s. g. g. Epithelial gland with spherical granules. gr. 

Groove in tomach. g1·. p. Granular peritoneum. h. p. Hypertrophied 
peritoneum round afferent vessel. int. Intestine. i. t. Tentacle of 
inner erie . Z. Lumen of afferent vessel. l. rn. Longitudinal muscle. 
l. mes. Lateral mesentery. l. n. Lateral nerve. l. o. Lophophoral organ. 
111. g. Mucous glands. ni. mes. Median mesentery. n. Nuclei. n. d'. 
Nephridial duct. n. d. Terminal part of nephridial duct. n.f. Nephri­
clial funnel. n. p. N epbridiopore. n. r. Nerve-ring. n. t. Nervous tissue. 
o. Ova. ces. CEsophagus. o. g. Oil-globules. o. t. Tentacle of oute1· 
erie . p. Peritonettm. p. c. Posterior crelom. p . g. Pigment-granules. 

71. gets. Pregastric region of the digestive tube. pg. c. Pigment-bear­
bearing corpuscles. pg. s. Perigastric sinus. r. Rectum. 1·. rn. 

Radial muscles. st. Stomach. vp. t. Vaso-peritoneal tissue. y. Yolk-
pherules. 
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one thi rd from oral end, they have the pinnate arrangement 
fonnd in Ph. psammophila (Cori [3]), arcbitecta (Andrews 
[1]), pacifica (1'oLTey [15]), i. e . the fascicles appearfeather­
like in transverse section. 

TEXT-FIG. 3. 
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Transverse section through the pregastric region to show tbe 
high pinnate character of the fascic:les of longitudinal muscles. 
(x J50.) 

Frequently there are 19 of the e in the left anterior cavity, 
22 in the right anteriol', 13 in the right posterior and 7 in 
the left posterior, or according to I elys Lougchamps' cou­
ven ient formula-

19 I 22 
61 a lll fig. 2. 

7 18 
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Or there may b e morn in t,he anteeiol' cavities as in Fig. 3; 

24 I 24 
---- == 59. 

4 7 

T EXT-FIG. 4. 

O-V. · 

st. 

.. 
vnl . . >'.\ .. 
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pg.s . 

a .c. 

. ........ --~.:~·J .. ..:. -·· ..... . .,., .. -~ --~ -- .... . .. . 09. 

i~ ! gr . 
~ 

·:,, '? 
-·-·-· -·- • --.:'--l.mes. 

,•······.: ... , .......... ~ ··-· .... . . 

Tran ver e . e<.:tion through ampulla. b owing ·Cl!lom divided into 
two anterior ca.Yities (a. c.) and one po terior cavity (p. c.). 
( X 1.:,0.) 

, 'hortly behind tl,i .· reuio n the po tel'i or ccclom appears to be 
trncli vi<leu, or rattier the left post-ccclom merge· with the 
ante rior owing to t li e di appearance (Fig. 4) oE the left lateral 
me:entery. 

I h. hipp oc r epi,i, whic;h in nrn,ny wa,ys closely resembles 
Pli. vancouveren ·i, liows in my sections only about 
twenty-eigh t fa ·cicle · of longitudi11al mu. cle . e lys Long-
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champs states that in this specie they do appear to vary 
particularly, but give as the highest recorded by anyone : 

12 13 
--=38. 

6 7 

This is a great deal lower than the average number of ixty 
in Ph. vancouverensis, and such an anatomical c11arac­
teristic seems to be of far more importance from a systematic 

TEXT-FIG. 5. 

Longitudinal section through the base of the lophophore approxi-
mately in the median dorsal lines. ( x 100.) 

point of view tliau such variable details as size and number 
of tentacles. Both Cori (3) and Selys Longcl1amps (14) point 
out that within limits tl1e number of fascicles of longitudiual 
muscles is coustaut. 

The diaphragm or transverse septum (Fig. 5, d) slopes up­
wards from the oral to anal side, meeting the dorsal surface 
jnst in front of the anal papilla. The two layers of perito­
neum covering it are widely separated at the ide by the 
basement membrane, which is continuous with that of the 
body-wall near the lower border of the nerve-r ing, but 
towards its centre this median layer of the eptum is so thin 
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that it may easily be passed over. I do not think, l1owever) 
that it is entirely eliminated as in Pb. capensis described 
by Gilchrist (7), wlio suggest:::; tliat such a character ot the 
sept11rn would probably be of Yal11 e 111 specific cletermi1rntion , 
stating that Ph. hippocrepia, Hgrnes with Pb. anst.ralis 
in having tl1e septum unifol'mly invaded by a br1sement 
tissue. Jn Ph. vancouverensis there is certainly no 
uniform median layer, so I have inclnJeu. tl1is c.:haracteristic 
iu tlie table at tl1e end as a minor feature distinguishing tl1is 
::-;pecimeu frorn Pb. hippo crepin. 

Tl1e rnesenterit>s al:-;o contn.iu a very thin layer of basement 
tis ue. 

Nervon .· System.-The riug of nervous ti ' ue at the 
base of tl1e lophopliore i · quite apparent (F ig. 5, n. r.) and is 
continned poste riorly) following the course of the tentacle , 
up each of which pa,s e · a fine .· t,rand of tl1e ~ame tissue . 
Across the dor al surface in front of the anus is a large 
ganglionic ma s (Fig. 5, g .) r·ompo ed of the usual punctated 
tissue with definite ~triation and nu111e1·011s cells with large 
nuclei. 'l1liis tissue is everywliern in clo e relation with the 
iuner ends of the elongated epithelial cells. 

In some sections CH 11 ue seen a. srnc1 ll lateral uerve-cor<l 
running along eac:h ide of the bo ly c.:lo e to the point of 
attachment of the lateral 111e::-;enteries (Fig. 2, l. n.), and pro­
jecti 11g into the basement ti sue as a ~ mall ma s of pu nct;ited 
tissue. These appear to be ve,·y short, for tliey have uot 
lieen eeu beyond tl1e oo ·op lrn geal 1·egi0n. 

Trace of nervous t i sue have been observed 111 the centre 
of the pit at the proximal encl of the body ,Lnd al o aloug tl1e 
rdimeutary canal on the outer side of the epithehum. This is 
e ·pecially marked in the upper oo ophageal region opposite 
the uerve-ring. Gilcl1ri. t (7) lllentions this seu ory patch and 
·uggest tlrn.t it m;iy repre ent au org.:1,11 of taste. 

Alimentary Canal.-'l'be various regious of tlie alimen­
tary canal c1re mimed in tbe figures in ac.:corJauce with Cori's 
,·1ews (3), th e e being al ·l i aclopteu. l>y 'elys Lo11gcl1amps 

(14) . 
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The resophagus (ce.'.), with its thick walls often much 
folded, only extends for a short distance. Fig. 2 is a transverse 
. ctiou tl1rongh its po terior part where the two branche of 
the la,teral ve sel have just united. 

Thi i. followed by the pregast1·ic region (Fig. 3, p. gas.) 
(" preestomac" oE Selys Longchamps, Vorm,1ge11 of Cori) wl1icl1 
ha a large cavity inegular in shape with thin wall . The 
epithelium is cubical, ciliated, and lias oval nuclei. Along 
the po tero-median region clo e to tbe afferent ve sel is a 
longitudinal band of epithelium (Fig. 3, c. b.) tl1icker than 
the rest and with severnl Liyers of elougated nuclei. This 
has been de cribed in P. pacific a (Torrey [15]) nnd in P. 
architeuta (Andrews [1]), lint is very little developed m 
Pli. l1ippocrepia. 

'l'lie sto111ac.:l1 (Fig. 4, st.) is the la1·ge teri11i1rnl region of 
the desc:ending part of tl1e tract ituated in the ampulla. It 
ha,s a thick epithelium with ovoiJ nuclei. On the postero­
medinn si<le there i: a loogitndi11al groove directly con­
tinuous witlt the tliicke11ed band in the pregastric region and 
having similarly eve, nl h1ye1·s of nuclei wlticl1 starn more 
dt->eply tha,n the Ol'Jiuary ones (Fig. 4, gr.). The cell - along 
this groove have very 1011g cilia. The dige ·tive area. which 
carry on intra-cellulat· digestion (Fig. 4) cl. a.) liave 110 cilia, 
and the free eud::; of the cell::; are <l1 tiuctly amreboid during 
functional activity. ':l1he whole of the a cending limb of the 
a,liu1e11tary caual is called the intestine except for tlie very 
,'hort part contained in the anal papilla, which Cori cou iders 
to be a proctodroum and calls tlie rec.:tum. 'l'l1e pa1·t of the 
intestine in the arnµulla (Fig. 4, int.), tl1e only part called 
"iutestine '' by Benliam, has tl1ic:k, closely ciliated wall and 
genArally an oval lumen. 'l'he epithelium is cylindrical; wit!t 
oval nuclei. 'l'he upper part oi the intestine (figs. 2 a11d 3, 
int.), has cubical epithelium, with long cilia and large uuclei. 
ln tra,usverse sections tl1e intestine appears on,l or elougated, 
only occasionally showing the usu:11 triangular hape due to 
the pull of the three me euterie . 

The cell · in the lower part of tl1e tornach aud iute tine 
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are frequently een to contain l'OW.3 oE spher ical deeply ­
~taining ma se , probably oil -globules (Fig. 4, o. g.L such as 
are often seen in the inte t inal cell· of mammal. . Tliev 

appear to collect near the outer bo1·der of tlie cells and to be 
taken up by the blood-eorpuscles in tl1e surroun<ling si1111..,. 
, ome blood-corpuscle appear to be crowded with the e 
globules, which appear lightly smaller than the nucleus­

po ·ibJy after slight chemical change this pro<l uct is Jepo ited 
in the vaso-peritoneal cell a yolk-spherule . 

One pecimen contained a few 11early pherical coccidia. 
about 50 µ in diameter i11 ome of its in te ·tiual cell j tlie e 

are the onl.v para ite that I have ob erved iu either of th~ 

pecie . 
Ya cular , y:tem.-The gent-ral arrangement of the 

hlood-ve el · cau be made out witliout difficulty in the living 

animal·, !or owi1;0· to the red <.:olour of the blood it <.:an ea ily l.Je 

·ee11 through the trau parent Louy-wall. The two l ongitu ­
dinal ve · el ·, the lateral or efferent a.nJ the median or afferent,, 
extend the whole length of the alimentary canal, and at 

interval· only near the proximal encl c.:onne<.:t with the peri­

o-a ·tric iuu · by the breaking <lown ut tlie iuterveumg wall:-; 
l.t i~. -I-). I l1a,·e :ee11 the me<lian Ye el very clilate<l and 
crow<led with eorpu:cle: q11ite close to the bend in the diges­
tive tube. 

The 11umerou capillary ereca projec.:t fr~el.)' into tlie erelom, 
ancl <lo not ura11cl1 a. they <lo i11 lJh. au · tral1 · (Benham 

[2], tig. 18) au<l iu Phorouop · i ' harmeri, to Ge <le <.:ribed 
later. The c;orpu:cle - c1re '-10 µ iu tliallleter, and have a 

pale yellow c.:oluLu- wl1eu ·eeu iugly. Tl1ey take up eo i11 
ea ily) au<l tl1e nucleu a.11<l granule: tain rea<lily with iron­
l1,umat0x_ylin) out I LaNe 11ot founc.l tltem to taiu well witl1 
l'tther D elafielc.l' · hreu1at0xylin or carmine. 

lu ·ome specitneu tlie <.:orpu ·cle · in various tage · of 
de, elopu1eut lllay be eeu aloug tl1e afferent ve d ·, being 
de\'elvpecl frum the Jiumg epithel1uw (Fig. 15, b. c.) ju::;t a .-:, 
.110 \\11 by Cori (3 , pl. xxv1i, tig ·. :... au<l 8). 

~~ fi11e g1·anular precipitate i · pre ·eut 1u some of tlie 
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ve sel , indicating the presence of a serum a we11 as 
corpu cle . 

Excl'etory System .-'l'here are as usual a pair of excre­
tory organs at the distal end; they are small tubes beut once 
only 011 themselves, and each opens into the ccelom on either 
side of a latera.l meseutery by a small funnel. 'rhat into the 
poste1·io1· ccelom has a process extending down the rneseutery 
fo1· a di tance of about 160 µ; they are both closely applied 
to the transver::,e septum above. 

The tube, which is about 250 µ long, runs first outward 
close to the rnesentery, and then upwards embedded i11 the 
ba.seme11t ti ue, forming a liglit ridge visible on the out ide; 
it the11 turns in wards, running along the dorsal surfa.ce to 
open 011 oue ·ide and in front of the anus. 

The question as to bow fat· the general peritoneutn and the 
blood-corpu cles derived from it have retained their excreto,·y 
function is considered later. 

The Va operitoneal tissue (Gefa peritonealgewebe or 
Cori [3] or nut1·iment tissue of Ikeda [9], and coustituting 
Kowalevsky' corps adipeux) is developed on some of tl1e 
capillaries on uoth sides of the digestive tttbe (Figs. 3, 4, vp. t.). 
It consists or the usual la1·ge flat cells with small nuclei 
at their outer ends. 'l'he contai11ed yolk-spherules vary much 
in size and stain easily with eosiu, Licht grun aud othe1· 
stains. fron-11::.ematoxylin can be washed out of them more 
easily than from the nuclei. 

Blood-corpu cles app,trently in variou stages of degenera­
tion are also to be seen in the cells (F1ig. 16, d. b. c.), aud 
generally some fusiform corpuscles (f. c.). The e are often 
especially numerous in tl1e pre-ampulla where the vasoperi­
toneal tissue is only present in small amouut, and they have 
also been ob erved floating freely in the cmlomic fluid, occa­
sio1rnlly in tl1e distal end right away from thi tis ue. Ikeda 
(9, p. 14.5) ·tn tes that he has never found these corpuscles any­
where in Ph. ijimai, and tliinkR they are of no great phy io­
logicc:Ll importance. I have ometime::, found them in immeu e 
11Umbers, giviug no sign of a 11ucleu , but generally howiug 
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a delicate striation. They do not stain with Dela-field's 
brematoxylin, but take up iron-hrematoxylin and stain homo­
geneously like the yolk-spherules. 

Besides the above substance quantities of refringent non­
staining granular substance (Fig. 16, p. g.) occur in the vaso­
peritoneal tissue, either in separate granules or massecl 
together, and contained in corpuscles simila r to the spbreru1i­
ferous corpuscles described by Durham (4, p. 329) in Asterias 
rubens. 

I have seen corpuscles associated with degener ati ng- blood­
corpuscles or with fu iform bodies and others filled to a 

g reater or less extent with these refringent granules, in the 
vaso-peritoneal ti s. ue (Fig. 16, pg. c.), and al so free in th e 
body-cavity, sometimes close to the body-wfill between tlie 
fa:cicles of longitudinal m nscles (Figs. 3 and ] 4, pg. c.). 

It is apparently these same bodies which a re often to he 
·een traversing the body-wall (Fig . 12, pg. c.), and they seem 
t,o be similar to th e wandering cell ~, described by Durham i11 
Echinoderms (5, p. 88), which are able to get rid of effete 
material from the sy tem. The grannle. are set free 011 the 
. ur face (Figs. 2, 12, p.g.), where t hey form the opaque white 
pigment mas es so conspicuous in some pecimens on tl1e 
outside, e. pecially on the tentr1cles and distal parts of tl,e 
body. 

:Micro-chemical tests l1 owed that these g rauules are 
unaffected by weak acid. , alkalies or ether, as well as by 
the ordinary reagents and stains. They also g ive tlte 
m urexide reaction, and therefore contain some uric acid com­

pound. It seems probable that this may be g uanin, whieh 
1 uch a common excretory substance in many invertebrates. 

The deposit of these pigment granules in the distal 
region of the body may be accounted for by the action of 

]jght, bnt, if, a. l feel confident-, they are £->Xcretory produc ts, 
we .-hould expect, a Har111er (8, p. 122) has pointed out for 

the excr tory ve icle. of Tnb11lipora, thnt they would occur 
hiefly in snch region . where wa ·te products wonld be most 

ea. ily arried awav. 
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I cannot be sure whence the e pigment-bearing cor­
p11 cl.es a.rise. They may be de1·ived from the peritoneum, 
wl1ich i so greatly hype1·tropliied in place, e.g. on tlie 
afferent vessel (Fig. 15, h. p.), where the cells enlarge and 
the n appear to be liberate<l, al o probably some of tl1e cell· 
covering the capillary cooca develop into such corpu cle. 
in tead of ordinary vaso-peritonral tissue. Cell having uch 
an origin wonlc1 be in close relation with the blood-corpuscles, 
n.ncl hence able to extract excretory substance similarly to the 
chlorngogen cells o~ Oligochrotes. 

Ei ig- states that in the Capitellidre (6, p . r ), whose 
11 epl11·idia are limited to mall regi ons of th body, certain 
peritoneal cells laden with concretions are liberated into tlw 
body cavity (p . 762), and that both blood ,md peritoneum 
play an important part ,1.s trne excretory orga11.-, and uot 
1nerely a conveyors of exc1·etory products to otlwr organ ·. 

Th e s nhj ect of the excretory pigment in Phoroni .-eem~ 
to reqnir furth er study. I have ne ve1· see11 any such pig­
ment iu Pli. hippocrepia, which is the only other species 
of Phoronis that I 11ave personnJly examineu, and c,rn find no 
reference to any. Gilchrist (7, p. 154) menti on th e pre ence 
of white 1 igrnent-spot irreg u1ar1y armnged on the tentacle· 
of Phoronopsis albomacnlata, uut he tate thnt these 
co11 i t of finely branching chrornatophores. 

Generative Tis s ne.-All the specimens examined for 
reproduct ive cells contained ova only, and of the e only a few 
on the left side of the animal n,rising from the wall of 
capillaries close to their origin from th e efferent ve sel 
(Fig. 4, 01:.). It seems probable that this species is pro­
tandron, , or possibly dioocion . 

Affinities.-In ize an<l 111oc.le of growth thi Pboroni 
re.- 111bl e. somewhat clos ly P ]1. ij i 111 a i , whose ext rnal 
chara.dcrs were bri <:>fly de.·eribe l by Oka (13, pp. 1..J,7- ), 
~mcl which was . epa,rateLl from other specie.- owing to 
cliff rence in the le ngt,lt or nu111lie1· oE t e ntacles. Ikeda, who 
has ·tncli e<l th e strndure of Ph. i j i ma i (9 nnJ 10) and has 
·0111par•d specimens of Ph. hipp crepia ,Yith it, ays that 
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he is unitble to discovel' any points by which they can be 
differentially Jiagnosecl, pointing 011t (9, p. 582) that the 
le ngth and n umbel' of the tentacles vary tl'emendously from 
one season of the yea1· to another. 

I therefore assume that both Ph. ijim;ti an<l Ph. k o w a l­
evsk i areencr11stingvarieties of Ph. hippocrep i1-1, and from 
a compari on of. pecimens and ·ections of the latte r and from 
d escriptions given by other writers I conclude tlrnt the,·e ar<:> 
geveral important anatomical difference , separating it from 
Ph. vanconverensis. In the ab ence of an y definitely 
formulated feat ure by which the v:;-iriou form in cl ucl ecl 111 
the genu Pliornnis may be separated, I think that snch 
anatomical cliantcteri stics mn.·t be far more important from 
a systematic point of view than ·uch variable details as 1ze 
and n 11 rn ber oE tentacle . 

1 lrnracteri tic .· of Phoroni vaucouveren i · , which 
it is !:rngo-e·ted s houl<l di ti,1guish it from Ph. hippocr e pia 
ancl it · va,ri etie. · : 

(1) Tlie ch,~n1,cter and grea.ter <levelopment of the fascic]e · 
oE lo11gitnclinal mu ·cle ·. 

(2) 'J111e pre e11ce of two nerve-cord in the anterio1· region 
of the body. 

(3) The ·tructnre of the <l inphragm. 
(4) 'l'he well-developed ban<l of specialised cells 111 t h e 

prega t r 1c reg-1011. 
(5) 'l1he po :i ble ·eparation of the ·cxes ( direciou ), or, if 

111011recms, then protandrou . 

II. PHORO"NOPSIS HARMER! T. SP. 

'rhi · animal i · placed in the genu Phoronop is, establi ·lied 
by 'ilchri t (7) to include the form Phoronopsis albo ­
macnln.t}'L de cribecl by him from i 'outh Africa, on account 
of the following c:lrnracteri tic : 

(1) 'rhe nerve-r ing lie in an involution of the epidermi ·. 
(:2J Only the left ne1·ve-corcl i · cle\·eloped. 
(=3) 'J'lte lono·it11dinal mn cle · of the body are in 11n111erous 

well-developed fa.·cicle ·. 



272 H. L. l\L PIXl.£LL. 

Habitat .-Specimens of the anima l are easily obtainPcl 
from the sandy shores of some of the smaller i lands iu t-he 
neighbour·hood of Nanaimo. The tubes, 100 to 150 mm. long 
with a uiamete r· of 3 to 4 mm., a r e found embedded in a. 
vertical position with thefr upper ends slightly below the 
surface of the sand near extreme low-water mark, their posi ­
tions being only indicated by minute holes in the sand above. 
The tubes are cylindrical, compo ed of a h:-i.t·d re istant mem­
brane coated with fine sand gra.in ; the lowet· end is rounded 

TEXT-FIG. 6. 

Posterior view of distal region of Phoronopsis harmeri. ( x 10.) 

off, forming a blunt point. In some the di tal end was lin,p 
and had no sand grains attached to it. 

'J1he animal so completely fills the circurnfe,·ence of the tube 
that it is only with difficulty removed. 

Colour.-The tentacles and di. tal pal't of the body gene­
rally appeared during life to be of a pale greenish colour, and 
to be more or less covered with opaque white spots of exactly 
tlie same nature as in the case of Ph. vancouverensi . 
The a111pulla was brownish-red. 'l'lie ln t 5 or G rn111. i11 some 
:specir11ens were clearer a.11d epantted by an annular constric­
tion. rrhe red blood-vessels were clearly visible through the 
body-wall, and the rectt1m could often be recognised owing to 
its dark contents. 
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S ize .-One of tl1 e hl"ge t s pec:i rn en s mea nres 147 m m . in 
l~ngth afte 1· p r e::;er va,t io11, 65 mm. of t hi s be i11 g t he ampull a, 
whicli , as a rul e, see m to extend 101" nearly h alf t h e length of 
t he animal. So ,11 e pe<.; ime 11 s a r e :l ig lt t ly unde l" 100 mm. 

T EXT-FIG. 7. 

-----. ·ep. 
··- ---·x. 

··lo. 

'l'ranYer edion ihrong-h lophophore l10wing- lophophoral organ 
(l. o.), aml gap in inner row of tentacle (x). ( x .-o.) 

lung-. 'l'he tentacl 's, which are freq11e11t,ly fo11n<l regenerating, 
art>, when fn11.v grown, : to 4 mm. loug (Fio·. G). 'l'ho general 
width or the hotly i · 1 t 2 mm. in th anterior region and 
:3 mm. aero .· t lie ampnlla. 

Lophophore.-'J1l1e extent to which the lopl1ophore i 
-coiled i shown iu Fig-. 7, from which it may be een that there 
i · a 111ore di . tinct . piral tlian in the !tor e-shoe form of 
P Ii o 1·0 no psi s ,i,J Ii o m ,Le 111 a. ta. 'l'he tentacle are a] o 
111ore 11nm 1·011s tlrnn in tl,i · pecie ·, for wl1icli Gilchrist 

\"OL. .} \ P.Al1'l' Z.-)IE\V RRlES. 1 
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gives 126, being in every ea e over 200 (215 to 230). At the 
base of the tentacnla,r mern brane is the very di tin et collri 1· 
formed ns a fold oE the body-wall j tt t behincl the 11erve-ring 
(Figs. 6, 8, 9, J 0, r .). This collar is deeper at the side tlnrn 
on the ornl surface, and on the ani:d si<le it is intennpted by a 
bifid proces ·, the anal papillH., into which the trunk ccelo1n i 
continued, and which is divided internally by tlie rect.i l 
rnese11tery su ·pending the short terminal rectum (Fig. 11). 

TEXT-FIG. . 

l .O:··· 

i.:.hP,: . .tJ 

·'?;_, I ··•·-• •••••• t.t. 
J. ...... , .. o.t 

... -·ep. 

.. -gr.p . 

. --n.r. 

..... d . 

... C. 

·--h.t. 

Longitudinal section through the collar and ba e of lophophore 
in front of anal papilla. ( X 40.) 

'l'he lophophoral organ (Fig. 7 and l.n.) is extremely 
variable j in some specimens it was large, and apparently 
similar to that de cribed for Ph. 1 ammo p h ila by Cori (3) 
and for Ph. capensis by Gilchrist ( [7J p. 15 ). '11 he inner 
leaf-like fold fonn · a c.;overec1 pa. age from clo e to the 
nephric1iopore, forward and outward· into tl1e lateral lopho­
phoral space·, which are lined by thick glandular epithelium. 
This epithelium nlso extends np the inner . ide oE the tentacle..: , 
and has been seen by Gilchri ,-t to secrete mucu by which the 
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lit -· 

go. 

p .. 

T EXT-FIG. 9. 

f 

p. 

-d 
nr 

Part of a longit1Hlinal . ection thmn!{h <·ollar 1·eg1un 011 one id<> . 
( X 100.) 

TBXT-l<'IG. 10. 

-·-b . t . 
--···n . d. 

.. ___ a .v: 
.. l . m..e.s. 

Lun!!;it111linal ~Pd ion tl1ron~h a11.1 l pa1,illa. ( X .SO.) 
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egg arn li el<l togethel', an<l tlii author r fers to the organ as 
a brood-c1unn b e 1·. 

TEXT-FIG. 11. 

nd. 

Transver e ec:tion throng11 ·ollar nnd a.nal papilla. at the level t>f 
th left nephridio1 ore. ( x oO.) 

TEXT-FIG. 1:2. 

"PQ. =:· -• . IV , .... ·. .. .... 
' . 

··- -~ -~11? ... , ~L 

\' ~ ' 
\<¾ ~ . 

?tY· c.·- ··---=--t 
b.-t. 
C.~. 

A portion of ,1 tnrns v rse section of the body-wall t oward the 
c1iRtal 11Cl ; ouly t he outer e11tls of tl1P ]on gituc1inal mu <:le 
(l. 1n.) a r shown. ( x titiO.) 

lu the majori ty c;f sp ecin1 ens the organ js absent, which 
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probably to be accounted for as in Ph. vancouve r ensi s 
by the lateness of the season. The ovaries are in Phoro­
nopsis more full of ova, though both were collected in Sep­
tember. pecimen with a lophop11oral organ can easily be 
distinguishecl by the greater width of the tentacu1ar crown. 

TEXT-FIG. 13. 

4t "· ~ 1 ~ ,r ~ · I , I -\. ,\\ I:, J 

I "; 
' . -- , -..... .. c. Tit,_ 

-- l.-rn. 

T. c ..... 

l . n.-- -

T nm Yer.e. ec-tiou thron o-h the ce ophageal reO'ion howing the high 
pinnate fa cicle · of lon O'itudinal urn cle . ( x 60.) 

Body-wall.-Tlieepi<lerrni (F ig.1 - ) agree withtliatde~­
erib d for Ph. vanconvere n i , and the excretory pigment 

h er ao·ain very noticeable. The a me remark s apply to i t 
a gi vpn fo r the fo rlller !-pecies. 

'l'he ba ement ti u e (Fig . 9, 10, 11,. lJ t. ) has here nume­
rou :ma1l cell em be<lded i II the clear matrix similar to that 
de cribed by Ben11am (2) for I b. au trali . 
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:Mn cular Layers.-'l'he circnlar mn cles are as usuul 
(Fig. 13, c.m.), a,nd a few radial mu c]e traverse tl1e 
cmlom, especial ly in tlie clistal part of the body. 

The longitudinal muscles (Fig. 13, Z. m.) are very grea.tly 
developed. 'l1he fascicles :u-e more numerous than in anv ., 
other described species of the Phol'onidea. The usual 
num bel' in the region of greatest development, i. e. about 
50 mm. from the distal end, is about 126. 'l'hese longitnuinal 
muscles ar di tributed as follows: 41 in the left orul 
chamber, 42 in the right, 23 in the left anal chambet·, and 
20 in the ri ght, or according to Longchamps' formula-

41 \ 42 19, 
23 \ 20 = .. o. 

'l'he fa cicles are pinnate 111 transverse section '"' , nnd may 
extend in wards to a distance of 16011.. 

The nuclei oE the peritoneum covering- tl1em are very pl'O­
ininent (Fig. L.,, p.). Bstween the muscles a fold of the 
peritonenm extend inwards for a sliort di tance; four of 
these folds are 1011ch longer, and re:1ch the alilllentary caual 
fol'lning the meseuteries wl1ich divide the body cavity into the 
two anterior or oral an<l two po terior or anal compartmeuts. 

'l'he collar (Figs. 5, 7, 8, 9, 10, c.) contains 110 cadom, but, 
con ist of basen1ent tis ue with uumerous mall cells. 'l'lrn 
epithelium covering its outer side is colu11mar and imilar to 
that over the general body urface (col. ep.), but at tl1e tip 
:md down the inner side it is replaced by small cubic.:al cell 
(cii. ep.). 'l1here are no musc:J.es d~velopecl in connection with 
the collar, so that though it suggests tl1e iutrovert of the 
~ipuuculoidea aud Polyzoa, it is apparently quite functionle s 
in that re pect. Gi lchrist (7) uggests that '' it is the 
remnant of an a nee tral introvert w liic.:h ha::; been retained 
,vith the uew function of protection of the nerve-ri ug." 

The diaphragm (Fig . 8, 9, d.) is thin, but apparently con­
sists of tl1e usual three layers. I have ~een it appear to 
branch owing to the emergence of a blood-ves el, \\'hich has 
evidently been running for some di tance obliquely acros 
the region whei-e the glandular layer of t l1 e nephridial funnel 
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i ~ clo ·ely oppo ec.l to the epturn. I do not know wit ether 

t his would account for tlie septum appearing to give off a,n 

off- hoot t.oward-:; the episto11H'1 which Gilchrist (7, p. 156) 
-..tated requir·ed forthel' exn.tnination. 

, ome uf the peritoneal cells c.:overing tlte part of this 
blool1-ve el iu tlie lophophor;tl ccelom near to the septum 

appea1· to l1ypertrophy1 and become grn11ula1· and pos ibly 
as nme au excretor3 function. 

Xervou .• •ystem.-The nerve-ringlias its 11 ual po ition 

TEXT-FIG. 14. 

f!J ·'· .... 

inf. 
nd. 

The po terior part of a tran Yer e e ·tion through the region 
of the anterior n phridial funnel . ( x tiO.) 

about tli level of tbe diaµhrao·m, b1tt i protected on it outer 
ndal' by tlie n·ry cli tinct c.:oll:u·. 

'l'lte punctn tetl . u b ta1tc:e forming the ri11g ( Fig. 0, n. r.) 
coutain · a, few ce11 · atJ<l i tnwer e<l l,v <lelicc1te fibril . 
The e1 I think, 111U ·t Le 11ene-filne going to tl1e epidermal 

cell", .and not merely it111er uounda,rit's i the ·e cell· a· ltas 
al ·o lJee11 ~upo·e, te<l, for ·ittrilar nwll bundle of fibre pa 
out a,t mt rval a11<l cru:::-s the ba~·e of the collal' aud enter the 
epic.lennal cell , , forming it · outer layer (Fig. 9, f.). 

Tl1e whole h,yer of ner\'OU ti ·ue fonning tlie ring i. 

mnTowcr allc.1111or elongated thau 111 mo t ~pec.:ies of l lioronis
1 

and there i ' uo indication of i t. becoming epurated from the 
,pic.ler111i:'·, a Gilchri t (7, p. l0G) 11gge~te<l rnig-ltt pos ibly 
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occur in a completely developed pecimeu. On the anal ·ide 
it turns inward , following the curve of t he lophophort>, and 
is connected from side to side just in front of the anal p8pilla 

by a large ganglionic mas (Fig. , g.). From this pa e dow11-
ward on the left ide the conspicnou · n erve-cord. In tit 
nephridial region it i. e pa rnted from the e pi th elium , ancl i. 
e mbedued in the ba ement ti :ne ( r'i g . 14, l. n.) . After pa.: ·ir--;-!· 
internally to the nephridial dnct (n. d.) i t turns outward and 

r eJorn. the epithelium a littl e to the or al ide of the left 
Literal me:enlery. From h er e i t extend· nearly to the 
a1npulla a n, ve r_y co11...:p icuou:> cord in contact, with the 

epithelium, bnt protruding liglitly into the ba~ement rnem­
bnrn e (Fig. 1: l. 11. ). 'l'he cen t re is occupied by a clear 

:11b bwce which taiu only s lightly and aronncl thi am tl1e 
nerve-cell . 

A Ii men ta r y "a n n 1.-In the to1nach t he cil iated oToo,·e 
with d eply cl ,rornat ic 1111clei is mn ch smalle r and le noti<.:e­

:. hle tlrn.11 in Pl1. vanconveren i s. The di tal p11rt of t he 
i11 tt, , i11 e i :-:; 11rnrk dl.v tri,mgular in sect ion and linecl witl1 
f-1nall c nbical cell - (Fig. 13, int.), the h or t termin;il r ectum 
h ;1ving c·olnmnar ce ll ~ (Fig. 11, r .) ; tlie cmlom i: divided in to 
it_, ns11,d fo nt· cornpa,r t 111 e ll ts eve n in the ampulla a far a· t h e 

bencl in the dige ti\·e t ube. 
"\ ascula r _v te rn.-'l'he COl'p11 cle are but--very lio·htly 

h1,l'ge1· t li ,111 in Pli. vanco nv ere n sis, beillg on an averao·e 
10-12 µ, i11 clia,meter, rtllcl the ame r emarks as to taining, re., 
::ipply to them. 

'l'l1e crel'a frequ ently branch, which they h a,-e ne,·er been 
seen to <lo in PI,. v a n co uv e r e nsis. 

Excretory ~~.V, tem.-Tlie excreto ry tubes lia\·e then 11:11 

position, but diffe1· ·lightly from Ll1 ose hitherto de cribed. 
Bach has a la rge fonn el opening into the anterior crelom and 

a mall er one high e r up opening into the p o terior C'relorn; 
11 e itli e r of these has it: wall prolonged downwards fo t· any 
di tance as is u uall y the ea e. In addition to tlie e fun ne] 
th er e is n, wide orifice for comnmnicn.tion between the anterior 

and po ter ior C'mlornic ~ pace owing to the lateral me eute rie 
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not meeting the resophaglls for some distance below the 
tra11sverse septum. 

'l'he lower lip of the lal'ge anterio1· funnel wraps over the 
top of the la teral me eutery as sliown in Fig. 10, n.f It al ·o 
extend · rou ud tlie s ides aud in Iler ends of this mernnte1-y 
wl1ere it is free fro1JJ the msopbagm; (Fig . 14, n . f.). 'l'he t op 
oE the funnel is clo ·ely applied to the septum ( Fig. , n . f.). 
Below the fuu nel · the duct runs downwards fol' a short di~­
tance close to t h e rne~entei·y in the anterior cmlom, then 

TEX'l'-FIG. 15. 

·.:,- b. c. 

b. 

Tran ver e ection throu0 ·h afferPnt ves el bowing developing 
blood-corpuscle and hypertrophied peritoneum (lt.p.) on the 
out ide. ( x tH50.) 

tnru outwar<ls, an<l fol' tli e re ·t of its length is e mbedded in 
the ba ement ti 11 e or the body-wall of the trunk. About 
·5 mm. below tlte. eptu m it bends on it elf. 'l'he a·cending 
pa1 t oE the tube is often rnu cl1 <li ·tended; it pn ·ses obliquely 
npwarcls ext rnally to th nerve-corcl on the left side 
(F ig. 14, n. d.), ancl on reaching the collar region narrows 
con iderably a11d run · forward em bedded in the walls of the 
anal papilla to open a littl e in front of and below t li e anlls 
(F ig. lJ, n. p.). 

'l'lie fonnel con ·i t oE deeply taining ciliated eµ itli eliurn 
and the duct is lin ed with ciliated cubical cell a us ual. 
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Th e va o -perito11eal ti · ne i. developed on the wall 

of the .capillar,e;j on b oth ide of the body in the auterio1· 

coolomie , pace , and the peri to nenm covering the afferent 

ve e l in the po:terior coolom is frequently greatly hyper­

trophie cJ . 'l'he ·e, latte1· cell, however, appear to become 

d etached, so that t.here is generally ouly one layer of tht·m 

(:F'ig . 13 and 15, h. 1J.). They may pos ·ibly give ri e t o -pig-
111ent-benri11g corpu. cle c1s · ugge · ted in the ea e of Pli. 
van co u ve 1· en L. • The contents of the va. o-peri tonea l cel1 

T E XT-FIG. 16. 

0 Ci 
-··=;~•h.c. 
/ . .-f..fot . 

. ~ 
'o 

i • 
n . ,: ....... ...... ~ 

_ ... · ... . : 
cap. dbc. 

Va a-peritoneal cell and orn on a capillary. ( x ~00.) 

;\,ppear to be iJ e ntica,l with tlio P alre:icly de c ribecl fo r thi · 

:-;pec;ie:-:, similar ob e rvati o1 1s havi11g been nrnd~ with regard 

to the white pi g rnent-o-ran11les wl1ich 111 PL o r o 11opsii-; 

l1 a rm e ri a.rt! very n ot iceable (F' ig. LG, 1J. y ) . 
The1·e a.re 11umern 11 o va in -.;;.t ri o u · ·tao·e.- of a n•lopme11t 

r.o be fo ,md in the nt. o-peritone~1l ti ue ou botl1 ..:i<le · of 

and l>elow the :1lin1e 11 ta ry c:rna.l in all th e pec:i111en of which 
the vroxi nrnl encl. have b een cut, aud they are urrou n.ded by 

di-,ti11 ct follicle cell~ (Fig. 1 ·, or. , ful.). N o per111atoz.un 
have been see11, 11or ha\'e any ova been ub ·e1Te<l either free 

in the b dy cc1vi ty or i 11 the exc,·ptory duct. . 
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Affinities.-There can b e no doubt that t11is animal is a 
species distinct fr om Phoronop s is a lbomaculata, the 
other member or the gen us. The htttel', from South Africa, 
<lescribed Ly Gilchrist (7), was 18 11~m. long, and the tube 
was attached by one s ide to its substrn.tu,n with tlie two 
ends neat· together. 'l1he lophopltore was h orsesh oe-sh aped 
,rnd canied 126 ten tac le,. There were 94, fasc icles of 1011 gi­
t.11di oal muscles. 

'rite co m pantti vely -enormou s s ize, greater nu 111 her of teu­
tacles anc.l'di:fferent l, a,bit of life of Phoronopsis l1n.r111 e l'i 
a re, I ventnre td ugge ·t, minor poi11ts of differ ence, and the 
~hape of the lophophore and t he po sess io n of a, fa!' lH.l'ger 
11um-ber of mu cle fascic:l es a re tlt e mo re irnpol'lm1t s_yste n] atic 
cl ,aracteristics. 

In concl11sion I h ould like to thank the Rev. G. W. 'raylor, 
l!'.R. .0., 1 nrator oE t.he :i\larine Laboratory, Depar ture B.iy, 
for 11is courtesy ancl h elp dnl'ing my vi ·it. 1 al. o wi sh to 
exprc my thauk to Dr. Harmer, F .R.1 1

., for kiuclly giving 
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