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1. INTRODUCTION 

In the history of systematic zoology, Mayr et aI. (1953, p. 5) 
distinguish three periods prior to the "N ew Systematic". The 
systematic of the Phoronidea is still in the second period of the 
above division, as, in this group, the specimens of which are not 
easy to be found, the taxonomical progress has been slow. That 
is my explanation for the difficulties that the detailed study has 
brought about in the specific determination. Little is known 
about the geographical and ecological variation (du Bois-Reymond 
Marcus 1949, p. 158) as also about the variation within the 
populations, so that the concepts of the "New Systematics" (Huxley 
1940) are for the moment only precariously applicable to the group. 
The small number of species (about 15) notwithstanding the con
siderable number of works on the matter, have not yet been surely 
defined. The specific characters are not yet fixed and the classifica
tion must necessarily be ma de by comparing the descriptions. How
ever, the absence of certain details in the descriptions and the 
great variability of most of the characters make it difficult to 
take an accurate decision. It is probable that species intimateIy 
related with one another constitute minor systematic units. It 
must be determined what degree of dissimilarity still allows to 
place two individuaIs within one and the same species. As regards 
the larvae the difficulties are still greater. The many insuf
ficiently described ones have induced authors who have onIy 
studied some morphological structures, as Menon and Masterman, 
or their occurrence, as Hedgpeth, to neglect the classification. 
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The complete development from the egg has not yet been obtained. 
All the sequences of development and metamorphosis had, as start
ing point, successive stages obtained from plankton. The relation 
of most of the larvae to adults is uncertain, based only on the 
identity of the occurrence. 

The family Phoronidae is generally regarded as containing 
only one genus: Phoronis. Within this genus there are different 
groups, that perhaps could be considered as new genera. Besides, 
groups of very related "species" with characters that intergrade 
perfectly can be discerned. The determination of the species de
pends much on the judgment of the specialist. Therefore, I do 
not know if the combinations of the conditions of the various 
characters within these groups really represent species 01' if they 
are due to their variability. Probably the closely related species 
are of more recent evolution and therefore their taxonomic dif
ferences are still small. The studies of the populations and the 
exact determination of the life-history will solve these problems. 

2. THE MATERIAL 

The adults were obtained in the upper littoral of Santos (Ilha 
Porchat) and Cananéia (about 200 km southwest of Santos), 
State of São Paulo. The larvae were obtained from plankton 
samples, belonging to the collections of the Oceanographic Institute, 
according to Table 1. 

3. METHODS 

Adults and larvae, excluding those obtained from plankton 
samples, were fixed in Bouin, Pampel, Formaldehyd 4 % , Lang, 
nearly always after anaesthesia with MgCl2 (Pantin 1948, p. 6) 
01' cristaIs of MgSO., always with the best results. The Bouin 
fixative, however, did not give good results for the fixation of 
the larvae, since even when the fixation is rapid, the picric acid 
impregnates so much that later coloring, either "in toto" or histo
logical, becomes difficult. Histological sections from 3 to 8 mi
crons were stained with hematoxylin-eosin, Mallory and Calleja. 
Very small larvae were stained "in toto" with carmine before em
bedding. Descalcifications were carried out, 01' in the fixative 
itself (Pampel) or with HCI 1% . The larvae were reared in 
small individual aquaria (stender dish, 50 mm in diameter, 25 mm 
in height), with stabilized sea water ventilated twice a day by 
means of a common injection syringe. Only exceptionally was 
the water changed. 
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4. SYSTEMATICAL PART 

r. PhOTOnis hippocrepia Wright 1856 

a) Phoronis 

(Figs. 1-33) 

The abundante material of this species consisted of pseudo
colonies, boring in empty oyster-shells, and some solitary in
dividuaIs, found on the bivalve MaTtesia stTiata (L.) 01' under 
encrusting bryozoans and polychaete tubes. The winding dwelling 
burrows situated inside the shell have an externaI opening, more 
01' less oval, of 0.7 and 0.8 mm diameters. The yellowish chitinous 
tubes (Hyman 1958, p. 107) can projects outwards about 2 mm 
(Fig. 1), sometimes naked, sometimes covered by a layer of 
detritus with some sand grains. In the non-boring specimens the 
sand grains may extend over the whole tube. Maximum length 
of the tube 14 mm. The different layers of which it is formed 
are homogenous, acidophilous, and there are in some cases eosino
philous granules, very similar to those encountered in the epithelial 
cells of the ampulla and of the base of the lophophore. The 
maximum length of the fixed animaIs was 16 mm, the length of 
the lophophore about 2 mm, that of the body about 10 mm and 
of the ampulla about 4 mm. Generally only the lophophore ap
pears above the surface; however in conditions not yet determined, 
the animaIs come out of the tube for up to 8 mm. The width of 
the lophophore, from end to end of the tentacles, was 4 mm; the 
tentacles varied between 0.04 and 0.06 in width; the width of the 
body, at the base of the lophophore was 0.5 mm, at the muscular 
region from 0.2 to 0.5 mm, and the ampulla was from 0.4 to 
0.7 mm wide. I counted at the most 120 tentacles; individuaIs 
with 75 tentac1es may already be found carrying embryos in the 
tentacular crown. N ewly collected animaIs are transpal'ent and 
of a pink 01' flesh color; after some time in the aquarium they 
become white. In the lophophoral concavity of expanded animaIs, 
the lophophoral organs appear clearly as two milk-white pro
tuberances, and behind them are the ridges of the nephridial 
canaIs. Embryos can be seen in various stages of development 
(Fig. 2). The body has marked annular striae, especially notice
able after the fixation that may aIso produce constrictions and 
enIargements. The ampuIla is homogeneous, narrow at its begin
ning and then increases in thickness; no circular groove was 
noticed. Its surface is smooth. The externaI tentacles show a 
ciIiated epithelium only laterally and on the face turned towards 
the buccaI cavity, while the internaI tentacles have their whole 
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surface ciliated. The length of the cilia averages 7 to 10 microns. 
The epithelium celIs of the tentacles are columnar, with smalI, 
elongated nuclei (Fig. 18, a) . The epithelium on the sides is 
thinner. On the exterior si de of the externaI tentacles gland celIs 
may occur (Fig. 18, e) , with contents stained red by MalIory. 
I observed such celIs also on the side of the internaI tentacles 
that faces the oral cavity. "Corps en massue" and granules of 
yelIow pigment are rare in the tentacle celIs. The basal mem
brane is welI developed and attains even 1 micron in thickness; 
stained with MalIory it shows an orange and blue coloration. 
Muscle fibres lie outside the basal membrane. 

The cuticule is 1 micron thick at the base of the lophophore 
and 0.7 microns in the muscular region; it is absent in the am
pulIa. The epidermis consists of lining, gland and supporting 
cells (Cori 1939, p. 77). The first are columnar with elongated 
nuclei, situated in the lower third of the cell. Vesicular gland 
celIs have basal nuclei and vesicular-shaped secretion, 4 microns 
in diameter, OI' eosinophilous granules. Since they are specially 
numerous in the epithelium of the ampulla (Fig. 20, h) they 
probably secrete the chitinous tube. Club-shaped gland cells with 
granular OI' homogeneous contents, basophilous, are also present. 
I did not succeed to detect the very thin supporting cells in the 
epithelium of the ampulla. "Corps en massue" are not only present 
in the anterior part of the body, but also in the muscular part 
and in the ampulla. Here they are club-shaped (Fig. 10, x ), and 
there nail-shaped (Fig. 17, f). They have in average 22 microns 
in length by 3 to 4 microns in width, the nail-shaped ones protrud
ing about 3 microns. Their proximal part is usualIy tapering. 
Deeply-stained with Erhlich's hematoxilin, they are light blue with 
the exterior part orange-coloured in preparations stained with 
MalIory. I consider these setiform proeminences as secretion pro
ducts. 

Lophophoral organs (Fig. 3) are present in alI individuaIs, 
even in those with embryos in incubation, as observed by Silén 
(1952, f. 55). They were not seen in non-boring specimens with 
40 to 50 tentacles. They are, on the whole, similar to the simple 
lophophoral organs (Selys-Longchamps 1907, p. 57). The protu
berant part of the organ, located near the median line (Fig. 3, c), 
is lined, as already described, with cuboidal epithelium, with long 
cilia, about 12 microns longo I consider the internaI cavity, blind 
in its superior part, as lophophoral canal. In the epithelium, lin
ing the anterior part of the lophophoral canal, . I identified the 
same types of celIs as those referred by Cori (1890, p. 553 ) and 
Selys-Longchamps (loc. cit.). The various studied individuaIs 
showed, however, different aspects of the celIs considered as 
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glandular by Cori (t. 26, f. 16, 17, II) and probably sensorial by 
Selys-Longchamps (t. 5, f. 5). In the little developed organ these 
celIs look like sensory celIs. The large and round nucleus, slightly 
chromatic, is placed in the inferior wider part of the cell. Other
wise, the nuclei are in the central part of the celIs, lying just 
below the row of nuclei of the common epithelial celIs. The 
cytoplasm appears finely granular, eosinophilous. In the vvelI 
developed organ I found vesicular celIs, with peripheral nuclei 
and contents either finely granula r, eosinophilous, OI' homogeneous, 
stained blue with MalIory. Thes8 celIs gather in the par t of the 
organ that unites with the last inner tentacles, situated near the 
median line. Silén (1952, p. 17 and f . 19) considers the median 
projecting part of the lophophoral organ as exclusively sensory 
since he found there only sensorial celIs. AlI leads to believe 
that the above mentioned gland celIs proceed from such nervous 
celIs that may have both potencies, sensory and glandular (cf. also 
Mclntosh 1881). They probably r epresent neuro-secretory ele
ments and the change in the position of t he nucleus occurs in 
connexion with the elabor ation of the secretion (Scharrer 1941a, 
f. 5). The part of the organ, which in the present species is 
constituted by the thickened lateral epithelium lining the inner 
row of tentacles (Figs. 3,4, a), is of variable extension. Certainly 
it coincides with the brooding pouch of P. psammophila (Selys
Longchamps 1907, p. 60) and the lophophoral gland OI' glandular 
ridge of P. australis (Torrey 1901, p. 288). It is mainly com
posed of tubular gland celIs with fine granular contents (Fig. 16, 
l) . The epithelial celIs are here very thin, but widen near the 
surface. In a case of developed lophophoral organs I found in this 
thickened lateral part vesicular celIs (Fig. 16, j), as they are 
described for the protuberant parto The lophophoral orgal1S bear 
a certain structural resemblance to the retro-cerebral glands of 
the Chaetognatha (Kuhl 1938, pp. 98 ff.) and to the cerebral 
organ of the Nemertini, especialIy the Tubulanidae (Bohmig 1928-
33, p. 100). The function of the retro-cerebral organs is still 
problematic (Kuhl 1923) ; a neurosecretory activity was presumed 
for the cerebral organ (Scharrer 1941b). The function of the 
lophophoral organs cannot be settled. Without denying the pos
sibility of their neurosecretory activity, I consider them until 
further proof as glandular (Cori 1890; Benham 1890). Their 
secretion probably serves as an envelope for eggs and embryos 
(Gilchrist 1919, p. 494). In individuaIs with embryos in the ten
tacular crown, the epithelium of the tentacles to which the embryos 
cling (Fig. 3, b), exhibits a thickening with granular eosinophilous 
celI contents. On each side of the bottom of the brood-pouch 
I found a smalI pit (Fig. 4, f). 
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Longitudinal muscles bundles, 26 to 30 In number (Figs. 7, 

8), are distributed as follows: ~~li : t1~ The arrangement is 

more constant in the boring specimens, whose most frequent 

formula is: 1~ \ 1~ . The arrangement of the fibres within the 

bundles shows considerable variation, due not only to fixation 
but also to the physiological condition of the animal. IndividuaIs 
that have remained in the aquarium for some time have lower 
muscle bundles and the body cavity f ull of muscular fragments, 
what suggests self-digestion. Marginal fibres (Silén 1952, p. 109), 
inconspicuous or apparent, 3 to 5 in number, on each si de of the 
bundle (Fig. 21 A, D, p), have approximately the same height 
along the whole length of the muscular region. The different 
height of the central fibres gives different aspects to the bundle 
(Fig. 21, A-F). They are fusiform and alternate within the 
bundle, so that, in cross-sections (Fig. 21, A) they show Cori's 
type of concentric arrangement (cf., 1939, p. 88, f. 80) . The 
centro-lateral fibres are sometimes more developed giving a penni
form aspect to the bundle; at other times the centro-median fibres 
are more developed. In the distaI region, the bundle may show 
a certain doubleness. In some individuaIs each component of the 
bundle can separate itself, thus producing the variations in num
ber. In the proximal part of developed specimens a syncytial 
connective tissue appears between the bundles (Fig. 21 B, q), pro
jecting towards the body cavity (see also Fig. 7). These are 
swellings of the peritoneum, where the radial fibres are inserted, 
many of them crossing the body-cavity. I found caecal vessel 
branches inside some bundles (Fig. 21 C, m). 

The nervous sub-epithelial plexus agrees with the description 
of Silén (1954b) for P. hippocrepia. I noticed concentrations of 
neurones, not only in the ganglion (praeoral field), but also in 
the nerve ring. Unipolar motor neurones are present, with their 
fibres crossing the interstices of the basal membrane. There are 
two giant fibres emerging from the ganglion and individualizing 
approximately at the leveI of the nephridial canaIs where the right 
one has a diameter of 4.2 microns and the left one of 0.7 microns. 
The diameters of both fibres are very variable; the left fibre 
diameters vary between 3.6 and 10.0 microns and right ones be
tween 4.3 and 7.0 microns. This variation suggests a winding of 
the fibre, as was observed by Cori (1937, f. 85; 1939, f. 96) in 
living specimens. In cross-section the fibres look like a tube, 
hollow or filled with an homogeneous mass; I even sometimes 
noticed granules (perhaps the punctated tissue of Pixel 1912, p. 
265) . Once I found a nucleus inside the fibre (Fig. 19, v). I 
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was not abIe to discern the enveIoping sheet of the fibre, but the 
crescent-shaped nucleus (Fig. 19, i), visibIe around the fibre cer
tainly belongs to it. Bifurcation of the right fibre (Fig. 19, s) 
and peripheral ramifications are present; the course of the latter 
could not be followed. 

The whole alimentary canal is ciliated. The crescent-shaped 
epistome overlays the mouth. This is coated with columnar epi
thelium. The funnel-shaped oesophagus has a thick wall formed 
by tall and thin columnar cells; their elongated nuclei very 
rich in chromatin are densely packed. An infundibuliform 
valve (du Bois-Reymond Marcus, 1949, p. 160, t. 3, f. 8) is ab
sento Along the whole length of the metasoma the proventriculus 
exhibits a slightly differentiated median ciliated bando It consists 
of a columnar epithelium. Stomach as usual; only one individual 
showed a fold of the gastric epithelium protruding into the lumen 
forming various irregular papillae. In the stomach there is a 
distinct ciliated bando Although Andrews (1890) describes it as 
not composed of gland cells, I found a tubular gland with eosino
philous granules on each si de (Fig. 24, d). Initial part of the 
intestine with thick wall. The lining cells are columnar, ciliated, 
with nuclei in the middle part and glandular with globular proximal 
part, when filled with eosinophilous granular secretion (Fig. 25 A, 
e) ; round nuclei lie in the lower third of the cells and a narrow 
duct penetrates between the common cells. Therefore Silén (1952, 
p. 119) at first thought that this epithelium was stratified, later 
on he came to the conclusion (p. 120) that it is pseudostratified. 
The pseudostratification disappears in fasting individuaIs (Fig. 
25 B) ; the epithelium becomes thinner with cuboidal cells of regular 
height and rather central nuclei. Rare nuclei are found a little 
]ower; certainly they belong to the above mentioned gland cells. 
In some individuaIs I found blood corpuscles in the lower part of 
the gastric epithelium (cf. Silén, op. cit., f. 43), proving that they 
pass from the peri-gastric sinus to the stomach wall. I also ob
served blood corpuscles in the lumen of the stomach of some 
individuaIs (Cori 1890, p. 526), mostly in those that had remained 
for some time in aquaria. 

The circulatory system corresponds to the schema given by 
Selys-Longchamps (1907, p. 21) and Cori (1939, p. 107). The 
ring-like lophophoral vessel (Figs. 11, 13, m) is formed by two 
independent arches, one superior afferent and another efferent, 
inferior, more externaI, as observed by Ikeda (1901, p. 584) and 
Brooks & Cowles (1905, p. 105). In fixed, contracted animaIs both 
arches are juxtaposed; propably therefore Cori (1890, p. 543) con
sidered such a vessel as single. The afferent and efferent blood 
vessels are of variabIe form and caliber in their whole lenght, ac-
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cording to their state of repletion. Caecal vessels occur along the 
whole extension of the efferent blood vessel, attaining even the 
right anal cavity, although they do not anastomose with the af
ferent blood vessel as referred by Dyster (1858, p. 253). The 
blood sinus (Fig. 9, T, z ) agrees with the description of Selys
Longchamps (loc. cit.). Only the afferent blood vessel merges 
more quickly into the peri-gastric sinus than the afferent one. 
Blood lacunae in the ampulla communicate with the sinus (Fig. 
10, w). I observed blood extravasations in the body cavity of 
some animaIs (Cori 1890, p. 541), and blood corpuscles in the 
intestine of specimens in bad physical conditions. The blood cor
puscles vary in diameter from 6.4 to 9.6 microns, the ratio of 
the corpuscle to its nucleus is 4: 1. I also found in the vessels 
agglomerations of gold-yellow pigment, 7 microns in size, more 
frequent however in the blood sinus. 

The diaphragm contains masses of supporting substance. Es
pecially in young individuaIs this thickening may fil! the whole 
anal space. The supporting substance (Figs. 5, 6, k) proceeding 
from the basal membrane has some fusiform cells scattered in its 
homogeneous mass; it stains orange and blue with Mallory, as 
cartilaginous tis sue. The diaphragm therefore agrees in general 
outline with the descriptions of Benham (1890, p. 137) and Master
man (1896, p. 62). In the lophophore cavity of some individuaIs 
I found numerous sexual ceIls (Figs. 3-5, d), incIuding ovocytes 
and even some viteIline spheruIes in the tentacle cavity. This 
leads to the supposition that openings are present in the dia
phragm either naturally 01' at least artificiaIly, as a r esuIt of a 
sudden fixation (see Fig. 5). The lateral mesenteries are inter
rupted at leveI of nephrostome. They present openings (Gilchrist 
1907, p. 159) through which pass the caecal vessels and generative 
products (Fig. 8, n). Coelomic liquid was only observed in animaIs 
in bad condition, as a basophilous coagulum. Besides the fusiform 
corpuscles, I discerned yeIlow granules in the body cavity and 
sexual cells, vitelline spherules and formations similar to sporozoon 
cysts. Fusiform corpuscles were rareIy seen within the cells of 
the fat body (Fig. 8, x ). Their presence depends, undoubtedly, 
not only on the time when the animal was collected but also on 
its physiologicaI condition. They were absent during the re
production period, although the fat body was very deveIoped. 
They were rare after that period, then they were only found in 
the body cavity. A greater quantity of these corpuscles was dis
covered in an animal fixed in N ovember after a month in aquarium. 
The dimensions of such corpuscles are very variabIe; the values 
of some of them in microns are: 14 by 3; 21 by 4.2; 16.8 by 2.8; 
30 by 10. Their structure is homogeneous, without striation. AIl 
of the different hypotheses proposed as to the meaning of the 
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fusiform cOl'puscles conta in doubtful elements. It is quite tl'ue 
that they are very similar to muscle fibres (Selys-Longchamps 
1907, p. 113) and it is not improbable that they are muscle frag
ments in degeneration. Besides, animaIs fasting for a long time 
had the body cavity full of fragments, identified as muscular. I 
\vould therefore be prone to accept the muscular origin of the 
fusiform corpuscles, if it were not for the aspect they present in 
P. ovalis, where they are similar to blood corpuscles. The ex
planation of Cori (1890) must therefore not be disregarded. A 
globular formation 15 microns in diameter, with thickened wall, 
rare nuclei, having inside an annular formation, full of eosino
philous granules was found in the body cavity of an individual. 
I also observed colourless spheroidal bodies (Fig. 26) with eosino
philous granules in the central parto Both structures are probably 
related and represent a cyst. 

Paired fat bodies (Figs. 9, 10, v) are developed not only on 
the efferent vessel, but also on the caecal vessels emanatillg from 
the latter. Although Silén (1952, p. 119) considers the organ as 
unpaired, I agree with Selys-Longchamps (1907, p. 108) that it is 
paired, the right body being formed, as Cori stated (1939, p. 117), 
by the walls of the caecal vessels entering the corresponding oral 
chamber. Selys-Longchamps (loc. cit.) considered P. hippocrepia 
as belonging to the group of species in which the fat body only 
develops on the caecal vessels of the ampulla. In the present 
material I also found the fat body developed in the muscular 
region, suggesting that the difference only refers to a growth 
stage. The fat body cells average 10 microns in size; ihey are 
pyramid-shaped; the small nucleus is situated near the base. Be
sides muscular fragments I found in the fat body globular COl'
puscles with yellow pigment, 8 to 12 microns in diameter. Vitelline 
spherules are abundant, especially during the development OI the 
reproductive organs. 

The nephridia show a certain structural variation. All studi
ed specimens showed essentially a bent nephridial canal protruding 
as a ridge into the lophophoral concavity and opening with a 
small pore above and laterally to the anus. The proximal branch 
of the nephridial canal is inconspicuous in most individuaIs and 
placed horizontally (Fig. 15, h) ; it only represents the connection 
of the ascending branch with the nephrostome. Only one speci
men, the most developed oue, presented a short descending vertical 
canal (Fig. 5, h). The single nephrostome (Figs. 5, 12, 14, g) 
agrees with the one referred for P. psammophila, P. mülleri and 
P. gracilis. Due to the lack of lateral mesenteries at the height 
of the nephrostome and to the interruption of the lateral wall of 
the latter, the oral and anal chambers communicate (Figs. 12, 13, 
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15, p). The nephrostome walIs of one individual showed folds 
(Cori 1890, p. 536, t. 27, f . 9), produced by fixation . The lower 
walI of the left nephrostome may be prolonged downwards shortly 
(Fig. 6) ; the one of the right nephrostome (Figs. 6, 7, p; 13, q) 
is always prolonged longitudinalIy to a relatively enormous lengt h. 
It is short only in very young animaIs. I did not see in the r enal 
epithelium the brown concretions mentioned by Cori (1939, p. 115) . 
In one individual I found blood corpuscles in si de the nephrostome 
(Fig. 12) but this does not indicate any relation with the cir
culatory system. 

The gonads (Fig. 27) develop in the left oral chamber on 
the efferent vessel walIs as welI as on the walIs of some caecal 
vessels. The testis (f) lies on the anal, the ovary (h) on the 
oral side of the vesse!. The reproductive celIs arise from pro
liferating peritoneal celIs, as referred by Ikeda (1903, p. 142). 
Groups of sexual celIs are first met on the anterior walI of the 
lateral vessel (Fig. 9, y), anlage of t estis. Later they can be 
seen not only on the posterior walI of this vessel but also on the 
walI of the peri-gastric sinus. After the reproductive period I 
did not find any trace of gonads but only welI developed fat body, 
differing from P. ViTidl:S (Rattenbury 1953, p. 187). It was dif
ficult to folIow the sequence of the spermatogenesis, not only owing 
to the smalI size of the elements, but also because the different 
stages are not in a regular sequence. GeneralIy the younger sexual 
celIs are found near the efferent vessel (Fig. 32, a) while the 
spermatozoa ( e ) appear on the periphery. Spermatogonia and 
spermatocytes form cohesive groups and it was difficult to dis
cern the outlines of the celIs. The spermatogonia are rather 
l'ounded 01' polygonal cells, about 8 microns in size, with large 
spherical nuclei of about 4 microns. In the resting stage the 
nuclear chromatin appears homogeneous but not deeply stained. 
I did not observe the division of spermatogonia in mature testis, 
which leads to believe that division and maturation are not si
multaneous. The primary spermatocytes (Fig. 33 A) are very 
similar to the spermatogonia, differing only in size; they reach 
4 to 6 microns in diameter with 2.6 to 4 microns nuclei. The 
celI membrane is not conspicuous and the cytoplasm is slightly 
stained. The secondary spermatocytes (Fig. 33 C) less than 3 
microns in size consist almost exclusively of the nucleus; the 
latter, deeply chromatic, averages 2 microns. The second division 
of maturation was rarely observed. The youngest spermatid I 
saw (Fig. 33 D) had an oval shape and a round nucleus. I could 
not analyse the spermiogenesis completely. Some phases, arranged 
in an order that may correspond to the ontogenetic sequence, are 
shown in Fig. 35 D-M. In the spermatid nucleus the chromatin, 
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initially uniformly distributed, settles gradually on the periphery 
until it forms a ring that grows thicker as more chromatin be
comes evident (D). The spermatid reaches then 5 microns in 
diameter. I observed the migration of the nucleus towards one 
of the cell poles (E) and the formation of vacuoles inside the 
nucleus. Then the chromatin settles at the superior pole. Mito
chondria were not distinct and centrosoma was noticed only once. 
The axial thread of the tail is either originally very thin or is 
formed later, after the disappearance of the cytoplasm around 
the head of the spermatozoon. Fig. 33 F show the outline of the 
definitive spermatozoon, still with remnants of the spermatid cyto
plasmo The nuclear vacuole, that gradually becomes smaller and 
disappears after the elimination of the cytoplasm (G), call still 
be noticed. In the testis, the spermatozoa have a long straight 
head (Fig. 331). Whell completely formed (Fig. 33 J-K) , they 
cOllsists of a vesicular head, about 2 microns long by 1.2 microns 
thick, that has a basophilous thickening at its superior end, per
haps a penetration organ. The middle piece, heavily basophilous 
on the edges, has a light central zone; it is 2 to 2.6 microns longo 
The tapering tail reaches about 10 microns. The whole spermato
zoon is about 12 to 15 microns longo The spermatozoa of non
boring specimens were bigger, about 20 microns, with a head about 
2.6 microns and a middle piece 4.2 microns longo I observed 
spermatids developing together in the same cytoplasmic mass (Fig. 
33 L-M) ; this suggests that, as in the Miriapoda (Tuzet, Bessiere 
& Manier 1957), the maturation division concerns only the nuclei 
of the spermatocytes, while the protoplasm remains undivided. 
Such spermatids appear often in the body cavity. Fusiform for
mations (Fig. 33 N) about 7 microns long by 0.9 microns thick, 
with pale 01' granular contents were rare in the testis; they might 
represent nutritive cells. I have rarely noticed in the testis a 
free, rather club-shaped formation (Fig. 33 P) about 9 microns 
1011g that might be a phase of spermiogenesis. It 100ks like 
phase i of Ikeda (1903, f. 6). 

The oogonia are polygonal cells varying from 6 to 8 microns 
in size with a round, chromophilous central nucleus of about 3 to 
4 microns. The cellular outlines of the oogonia are very indis
tinct, and the cytoplasm is slightly stained. They are disposed 
along the wall of the caecal vessels. Between the oogonia some 
flat cells of peritoneal nature penetrate. Some phases of the 
mitosis are drawn in Fig. 28 A-D. The ovocytes grow inside the 
fat body cells which become very big and degenerate in a advanced 
stage. In a mature ovary the fat body disappears and lhere re
main only vestiges of the cellular membranes (Fig. 31) . The 
primary ovocyte (Fig. 29) begills usual1y spherical ; as it grows, 
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it takes an ovoid shape. The small and central germinaI vesicle 
increases in size and takes a more excentric position (G-K). The 
initially basophilous cytoplasm looses its basophilia gradually and 
then becomes acidophilous. In the germinaI vesicle a lightly stain
ed nucleolus ' becomes evident on whose edge a basophilous crescent 
appears. The nucleolus divides and one of its products breaks 
down. The nucleolus is about 6.5 microns in size. In a developed 
ovocyte 71X55 microns), on the edge of the germinaI vesicle, I 
noticed the comma-shaped body (Fig. 29, J, c) reported by Ikeda 
(1903, p. 108). The linin network becomes evident in the germinaI 
vesicle of 48 by 37 microns ovocytes; in this case the germinaI 
vesicle itself is 30 by 19 microns. At this time the cytoplasm 
is slightly basophilous. The mature ovocytes leave the ovary easily 
as now the fat body cells are practically desintegrated. They 
fall into the body cavity, and through the holes of the lateral 
mesentery they enter the anal chamber. Exceptionally some re
main in the oral chamber. In the body cavity the ovocytes have 
an acidophilous cytoplasm; their nuclear membrane as well as the 
nucleoli have disappeared; the spindle of the first meiotic division 
is present, perpendicular to the surface of the ovocyte; it is about 
20X8 microns in size chromosomes in metaphase arrangement 
(Figs. 29 L-M; 30). The externaI membrane is very thin; it 
stains blue with Mallory. Ovocytes of 80X46 and of 100X53 
microns were found in the body cavity. The chromosomes are 
about 2 microns in size. I was able to make out seven to eight 
pairs of bivalent chromosomes of which two pairs are dot-shaped; 
two pairs V -shaped; and two pairs rod-shaped. I could not de
termine the shape of two pairs forming a figure that may re
present an inversion. One of the dot-shaped pairs always showed 
polar movement. Vitelline spherules (Fig. 31, s), vary from 6.5 
to 15 microns in size; some of them with granular contents prob
ably represent abortive ovocytes. They do not disappear as the 
sexual cells develop, as Ikeda stated (op. cit., p. 44). 

In the present species, at least the boring specimens are 
simultaneous hermaphrodites. The few examined non-boring in
dividuaIs generally showed either exclusively male cells and a 
great number of vitelline spherules in the body cavity OI' ovocytes 
and rare spermatozoa. I found spermatozoa not only within the 
ovary amidst the ovocytes (Fig. 31, z), but aIso many in the body 
cavity, as mentioned above. At Ieast in a certain number of ovo
cytes, the penetration of the spermatozooan is precocious, taking 
place in the body cavity and, in some cases, in the ovary itself. 
This fact agrees with the observations for P. viridis (Rattenbury 
1953), for which internaI fertilization is the rule. Meanwhile the 
presence of spermatozoa in the nephridia (Fig. 6, r ) does not 



- 21-

exelude penetration of foreign sperm and, consequently, cross
fertilization. For Kowalevsky (1867, lide Leuckart 1867) self
fertilization is the rule in simultaneous hermaphrodite species. I 
never observed the elimination of polar bodies in the body cavity 
and I think I may corroborate the observations that it takes place 
in the tentacular crown (Ikeda 1903; Silén 1952, p. 157). Newly 
shed living eggs are of a spherical form, approximately 84 microns 
in size and about 98 microns in the two-blastomere phase. I did 
not obtain a further development of the eggs outside the tentacular 
crown, and I did not see the eleavage stages in sectioned animaIs. 
It is known from the literature (Kowalesvsky, op. cit. ; Foettinger 
1882; Brooks & Cowles 1905; Rattenbury 1954) that the eleavage 
shows traces of the spiral type. At the beginning of gastrulation, 
the embryo has a size of about 60 microns (Fig. 37) . The blasto
coelic cavity is reduced due to the increase in size of the celIs of 
the vegetative pole. The gastrula is oval (Fig. 34 A), about 90 
microns in its greater diameter. The blastopore is large, round, 
about 20 microns in size. 

b) Actinotrocha 

(Figs. 34-55) 

Stage devoid 01 tentacles, although already outlined (Fig. 34 
B, C) - Total length varying from 89 to 125 microns; hood about 
40 microns long and 70 microns wide; maximum width of body, 
about 65 microns; anal papilla little developed, about 10 microns 
long, the ratio of total length (t.l.) to anal papilla (a.p.) is 8.9 
to 12.0: 1. On the middorsal part of the hood a thickening of 
the epithelium is already distinct, with some round pale-colored 
nuclei belonging to sensory celIs. Such a thickening represents 
the anlage of the ganglion. The whole hood dorsal epithelium 
except that of the ganglion region, is composed of columnar celIs 
with elongated nuelei. The body epithelium is composed of cuboidal 
cells with large, round nuelei taking up nearly the hole height of 
the cell. In the region of the post-oral ciliated ring the epithelium 
consists of columnar cells with elongated and deeply chromatic 
nuelei. The digestive tube consists of an oval mouth, transverse 
to the main axis of the body, a short oesophagus, a bulky stomach, 
and a blind intestine. The oesophagus is narrower than the sto
macho The digestive tube is lined by columnar epithelium with 
large nuclei; in some cases the stomach celIs are fulI of eosino
philous granules. In the gastric cavity I also found some vitelline 
spherules. In the intestine the epithelium is cuboidal (Fig. 42, g). 
A ventral groove is present, in which the cells are higher than 
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the adjacent ones and have densely packed nuclei. The body 
cavity contains many mesenchymal cells, of which only the 5 mi
crons large nuclei are distinct. Some of them already lie against 
the stomach wall, originating the future splanchnopleure (Fig. 43). 
The posterior pit (Fig. 42, h) is little developed. 

Stage with one pair 01 tentacles (Fig. 34 D) - Total length : 
126 to 166 microns; the hood is about 50 microns long and 50 to 
100 microns wide; maximum width of the body about 57 microns; 
anal papilla 20 to 38 microns in length, ratio values of t.l. :a.p. 
are 6.4 to 4.3 :1. The hood epithelium (Fig. 38, a ) and the 
ganglion are the same as the preceding st age. But the latter 
shows an intense proliferation oí cells, not regular ly disposed as 
in the remainder of the epithelium. There are no gland <:ells and 
no per i-anal ciliated ring. The buccal vestibule (Fig. 40, c) is 
lined with tall and large columnar cells, without contents. T he 
epithelium of the tentacles (Fig. 41, f) consists of very t hin 
columnar cells with elongated, deeply-stained nuclei. The anus is 
opened. The meta soma is represented by a thickening of the 
ventral region, with an intense proliferation of cells. The terminal 
nephridia are formed by a long canal (Fig. 38, d ) extending to 
the median region of the stomach. Ther e are no blood corpuscles. 
Mesenchymal cells are present in the body cavity (Fig. 41, d). 

Stage with 10'Ur tentacles (Fig. 34, E, G) - Total length: 
158 to 328 microns; average length of hood 128 microns, width 
158 microns; maximum width of body averages 100 microns; 
ventral t entacles generally longer, about 53 microns long and 30 
microns wide; anal papilla varying from 50 to 120 microns, the 
ration t.l. :a.p. from 3.0 to 2.7:1. Peri-anal ciliated ring about 100 
microns in diameter and 20 microns thick. In this stage the 
larvae may exceptionally be found swimming. The metasoma 
(ventral pouch) is represented by a short invagination. The cells 
lining it are columnar with small, nearly basal nuclei. The somato
pleure shows only the large, round nuclei of its so squamous cells. 
There are rare mucous gland cells in the dorsal epithelium of the 
hood. The developed ganglion shows several pale colored vesicular 
nuclel belonging to sensory cells whose outlines were not distinct. 
The trunk coelom is almost completely formed. The nephridia, 
no longer terminal ext end even downwards into the anal papilla. 
Mesenchymal cells, as described for the preceding stages, numerous 
in the trunk cavity and concentrated near the buccal opening 
(Fig. 39, d). H ere they represent the primordia of blood cor
puscles, as stated by Caldwell (1882, p. 377). The ventral groove 
extends to near the opening of the metasoma. The oral vesti bule 
(Fig. 39, c) is lined with alveolar epithelium. Light brownish 
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pigment is concentrated in a strip on each side of the mal'gin of 
the bood; a spot of pigment is present in the distaI end of each 
tentacles. 

Stage with six tentacles (Fig. 34 F, H ) - The larva may 
attain as much as 430 microns in length; h ood length up to 130 
microns, and maximum width 200 microns; maximum width of 
body 100 microns; the anal papilla varying from 120 to 200 mi
crons, the ratio t.l. :a.p. is 2.7 to 2.0 :1. IndividuaIs in this stage 
of development may show an incomplete differentiation of the 
tentacles, the ventral pair being welI developed and the other two 
pairs represented by a swelIing of the post-oral ciliated ring. 
T hrough fixation the tentacles may contract considerably, taking 
a mammiloid appearance. lVIaximum length of t entacle 37 microns, 
and 13 microns thick. Peri-anal ciliated ring 150 microns in dia
meter and about 20 microns thick. Body on the whole whitish, 
with some scattered pigment dots. Pigment concentrations as in 
the previous stage; some pigment granules are also grouped in the 
per i-anal ciliated ring. The meta soma is developed as a wide 
sac (Fig. 34, F, rn ). Some mucous gland celIs are to be found 
in the epithelium covering the hood. There are many mesenchymal 
celIs in the body cavity. The renal canal runs along the lateral 
walI of the body and over the septum. This canal consists of 
cuboidal celIs with basal round nuclei; it opens lateralIy to the 
opening of the metasoma. The t r unk coelom is cdmpletely formed. 
Ventral mesentery present. Per i-anal ciliated ring consists of 
very thin celIs with smalI nuclei and long cilia. The primordium 
of the lophophoral coelom of the adult is represented by a ventral 
mass of mesenchymal celIs. A nerve is distinct in the ventral 
si de of the body. In the meta soma epithelium there are some 
pigment granules. Anlage of blood-corpuscle mass present. 

Stage with eight tentacles (Figs. 34 J, K; 35; 36 A, B) - In 
this stage the larva may exceptionalIy still be within the tentacular 
crown of the parent, becoming free only just before complete 
maturation. Pigment and coloration as in the previous stage. 
Total length about 500 microns; hood 200 microns long and ap
proximately as wide; maximum width of body, about 250 microns. 
In most of the fixed larvae the peri-anal ciliated ring is with
drawn inwards (Figs. 34 J; 36) ; it is up to 200 microns in dia
meter and 50 microns thick. Anal papilla welI developed, the 
ratio t.l. :a.p. is 2.0 to 1.6 :1. In the hood (Fig. 45, p) and the 
lower part of the body (Figs. 45, 50, p) there are many vesicular 
mucous gland celIs with smalI nuclei at t he base. These celIs are 
rare in the body. The whole epithelium of the body is ciliated, 
with longer cilia in the prae-oral and per i-ana l r ings. Here they 
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are about 40 microns longo The ganglion (Fig. 44, l) consists of 
ganglion cells and nervous substance deeply placed, prolonged into 
two nervous tracts that extend forwards. In more advanced larvae 
I observed an accumulation of gland cells in front of the ganglion 
some of them sole-shaped, so that I think they belong to the 
sensory organ. Hood cavity with some mesenchymal cells, some 
fusiform in shape, perhaps connective-muscular elements. The 
tentacle number may sometimes attain 10, the last dorsal pair re
presented by a small protuberance of the epithelium only. Ten
tacles (Fig. 49) with trunk coelom diverticulum, sometimes only 
represented by mesenchymal cells; inside the tentacles some blood 
corpuscles were also noticed. Metasoma opens a little to the left. 
In the more advanced larvae it forms a series of folds (Fig. 34 K, 
m) surrounding the digestive tube, almost filling the whole body 
cavity (Fig. 51, k). In the metasoma epithelium "corps en mas
sue" (Fig. 44, s) are already found and also rare pigment granules. 
The circular layer of the musculature covering the metasoma (Fig. 
51, q) appears first, then the longitudinal one, differentiated into 
bundles (Fig. 44, q). The pigment is distributed as in the preced
ing stage. In fixed specimens the hood always appears pulled 
down over the body, its lower edge together with the fore part of 
the body delimits the wide vestibular cavity. The digestive tube 
is similar to that of the preceding stages. The stomach is vo
luminous (Fig. 44, e) ; in the fixation its fore part may be produced 
into one OI' two small diverticula; their epithelium is not different 
from that of the stomach. The part between the stomach and the 
intestine is very conspicuous; it consists of columnar epithelium 
with elongated and deep stained nuclei. Rectum small (Fig. 52, 
g) . A large blood sinus situated in the ventral part of the oeso
phagus (Figs. 44, 45, j). Rare blood corpusc1es on both sides of 
the ventral region lie above the insertion of the tentacles (Fig. 
46, n). In a fully developed stage the blood sinus extends lateral
ly forward and downward. A dorsal vessel (Figs. 46, 47, 51, r) 
is present. It seems that there is also a ventral vessel (Fig. 51, y). 
The blood corpuscles, 5 to 8 microns in diameter, do not show 
very regular outlines. The nuclei are generally round but also 
horseshoe-shaped (Fig. 48). Nephridia without peculiarities, 
similar to those of the preceding stage (Fig. 47, z) . Very small, 
hardly distinct solenocytes. One pair of ventral muscles in the 
trunk (Fig. 52, x). The lophophoral coelom (Fig. 46, v) develops 
ventro-dorsally as in Actinotrocha sabatieri (Selys-Longchamps 
1907, p. 134). 

Metamorphosis stages (Figs. 53-55) - A detailed description 
of metamorphosis cannot be given since it was obtained only in 
few larvae. Besides the present species does not constitute a 



- 25-

f avourable material. The metamorphosis stages described in the 
literature were obtained from mature larvae colIected from plank
tono Even so, according to the data of Selys-Longchamps (1903, 
p. 39, 47) metamorphosis only took place in very few of the col
lected specimens. The living metamorphosing larva is opaque, 
only the red of the blood corpuscle mass being distinct. The 
metamorphosis of the present species was obtained even without 
a special substratum. As to this detail the present species, ac
cording to the observations of Silén (1954, p. 234), is of rather 
irregular behaviour. Thorson (1946, p. 154) also obtained the 
metamorphosis of A. branchiata without the presence of a specific 
s ubstratum. UsualIy the larva settles on the right side, at the 
bottom of the recipient; in one case under a piece of shelI, the 
ventral side turned towal'ds the shell. The evagination of the 
metasoma seemed to be difficult for the larvae, differing from 
the observations of Menon (1902, p. 474) and Veillet (1941, p. 5) 
who stated that the metasoma is fulIy evaginated in 1 minute. 
The expulsion of the metasoma starts with violent contractions 
-of the trunk. As soon as a bit of metasoma is eliminated it also 
contracts. The contractions are folIowed by resting periods. The 
metasoma evaginates slowly. Most part of the tentacle is cast 
off, and sometimes the tentacle fragments falI into the mouth. 
'The complete metamorphosis up to the point when the individual 
presented remainder of an anal papilla, took about two hours. 
Meek (1917, p. 37) indicates a quartel' of an hour for the whole 
process of metamorphosis. 

Larva at the beginning 01 the evagination 01 the metasoma 
(Fig. 53 A) - It is about 520 microns longo The hood has be
come relatively smalI in relation to the body. Eight, rarely 10, 
larval tentacles; no definitive tentacles. These originate later 
from the larval ones. I observed in sections that the dorsal epi
ihelium of the hood already shows signs of desintegration. Thel'e 
is a distinct accumulation of gland celIs in front of the ganglion, 
probably belonging to the sensory organ. Blood system as in the 
mature larva; meanwhile it "vas possible to discern a blood vessel 
going forwards, leaning against the dorsal walI of the oesophagus 
(prolongation of dorsal vessel?) ; it runs beyond the buccal open
ing and disappears on the leveI of the vestibulum. Longitudinal 
muscles of metasoma already differentiated into bundles (Fig. 54, 
b) . Basal membrane was observed (c); the epithelium celIs of 
the evaginated metasoma show l'ound nuclei, placed near the 
proximal part (a). 

Larva with totally evaginated metasoma and without hood 
(Fig. 53 B) - The larva reaches more than 300 microns in 
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length; its maximum width on the leveI of the metasoma is 170 
microns. The anal papilla is voluminous; it is reabsorbed little 
by little (Fig. 53 C). In the larva of Fig. B the peri-anal ciliated 
ring is present but withdrawn and I do not know if due to fixa
tion or to natural transformation into the rectum. In the newly 
:r:netamorphosed young I found the afferent and efferent blood 
vessels developed, both leaning against the stomach wall (Fig. 55,. 
f, g). My metamorphosed individuaIs seemed to be normal, whe
reas the specimens of Roule (1900, f. 79-89) appear to me to 
proceed from an anomalous metamorphosis, known in the lite
rature (Selys-Longchamps 1903, p. 40). In these specimens there 
are no traces of muscles, and the coelom is full of cells. 

OCCURRENCE - Eulittoral of the State of São Paulo: Santos 
(Ilha Porchat) and Cananéia (Ilha do Cardoso), in the first local
ity, in empty oyster-shells, in the second isolated specimens; 
Ubatuba (about 135 km E of Santos), only larvae-samples n. O-
64 and 68. 

FURTHER DISTRIBUTION - Coast of Great-Britain; English 
Channel; West coast of Sweden; Mediterranean; Japan? (Uchida 
& Iwata 1955). 

DISCUSSION - The present material agrees with PhOTOnig 
hippocrepia, except for the nephridia, in which it differs funda
mentally. In this character it is more similar to P. psammophila. 
In all specimens I studied there was one single nephrostome; the 
interruption of its lateral wall, forerunner of the double funnel, 
represents either a variation of the P. hippocrepia-type or only a 
growth stage. The variation of the nephrostome in other species, 
for example P. miilleri (Silén 1952, p. 123), shows that its sys
tematic importance must not be exaggerated. PhoTonis hippocre
pia and P. psammophila are very closely related "species", so 
closely that Cori studying both in detail (1890), considered them 
at first as distinct, then (1932, 1937) as synonymous, and, finally, 
again distinguished them (1939). After a carefull analysis of the 
various descriptions of these two "species" and bearing in mind 
the great variability of most of the anatomic characters, I as
certained that the only real difference between the adults is their 
sexuality: hippocrepia being simultaneous hermaphrodite, and 
psammophila unisexual or proterandric hermaphrodite. Phoronis 
sabatieri, also similar to the two above mentioned species, is con
sidered either a distinct species (Selys-Longchamps 1907) 01', per
haps identical with psammophila (Cori 1939). It has also been 
identified with hippocrepia. PhoTonis ijimai, P. capensis, P. gra
cilis and P. architecta are also very similar to the above mentioned 



- 27-

species. I consider P. ijimai as different from hippocrepia, since 
it exhibits only three pairs of chromosomes (Ikeda 1903). I am 
disposed to unite capensis with hippoc1'epia, as the divergence men
tioned by Gilchrist (1907) seems only to represent a particular 
growth stage (cf. Masterman 1896, p . 62) Phoronis gracilis con
sidered as a distinct species by Selys-Longchamps (1903), who 
discovered and studied it in detail, was brought together with 
hippocrepia by Silén (1952) since the typical specimens were only 
j uveneles of hippocrepia. Phoronis architecta, closely related to 
psammophila could also be approached to hippocrepia, but it dif
fers from both in the aspect of the nephridial canal (Bl'ooks & 
Cowles 1905, f. 67-75). Actinotrocha hippocrepia described by 
Silén (1954a) differs from my description, which agrees much 
more with that of A. pallida (ibid.). The fact that such larvae, 
externally very similar, have been described from specimens col
lected simultaneously in the plankton, suggests a possible confu
sion. The comparison of the developmental sequence of both lar
vas (Forneris 1957), based on data of Selys-Longchamps (1903; 
1907) and Silén (1954a) with the pl'esent results (Table 2), shows 
a greatel' conformity of A. pallida with the Brazilian actinotrocha. 
Actinotrocha sabatieri is another larva closely related to hippo
crepia; it differs from it in the masses of blood corpuscles, per
haps three in number, one ventral on the leveI of the root of the 
tentacles and perhaps two lateral ones, placed farther forward. 
The latter are perhaps nephl'idia, as, according to Schepotieff 
(1906), the observations of Roule (1900) are erroneous and based 
on poorly preserved material. Actinotrocha ikedai, A. wilsoni A 
and A. hatscheki l'espectively related with P. ijimai, P. anhitecta 
and P. psammophila differ from one another as well as from A. 
hippocrepia and A. sabatieri, the larva of P. sabatieri. My report 
seems to point out that dissimilar larvae give origin to adults 
very closely alike. This may due to the fact that larvae are more 
susceptible to mutations that affect their anatomic features. In 
this case the differences between the adults must be considered 
as having a specific value, while the absolute specific characters 
are the larval ones. It is also possible that the same species 
produces larval forms, phenotypically different (Giard 1892), ac
cording to the environment and the habitat. In this case dif
ferent larvae of identical adults will be synonyms. Only the know
ledge of the species life-histol'Y will solve this problem (Trewavas 
1931, p. 48) . My opinion can be stated as follows: Provisionally 
I consider the species occurring in Santos and Cananéia as Phoro
nis hippocrepia, notwithstanding the small divergences in the 
adults and a certain difference in the larvae. It is possible that 
the material from Cananéia represents a form of hippocrepia, 
different from that of Santos. I consider P. capensis as a doubt-
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full species, very probably a synonym of hippocl'epia. For the 
moment I maintain as species psammophila and sabatieri, which 
will be considered as defini tive, if A. hastscheki proves to be the 
larva of the first and if the characters of A. sabatieri are con
firmed. Phoronis ijimai and P. architecta are valid for the mo
ment. If the f uture reveals that all these species are valid, there 
will be no doubt that they form an "Artenkreis" since they must 
have deseended from a common stem. 

c) Biological notes. 

The boring Phol'onis are collected together with pebbles found 
on the ebb tide mark. Empty old oyster-shells are attached to 
such pebbles; in these shells perforated in a high degree, the phoro
nids take shelter. They live in burrows, not only in the shell it
self, but also between it and the substratum. The non-boring 
specimens are found adheríng to the fauna covering the roeks, 
also on the ebb ti de mark. The animaIs thrive well in crystal
lization dishes, 20 cm in diameter by 10 em in depth, in stalilized 
sea water, ventilated twice a day by means of a common injection 
syringe. In the aquarium I placed, besides the pebbles, some 
foliaceous green algae, probably Ulva. The maximum survival pe
riod was one year (specimen of Cananéia). After that time, the 
specimen first lost the lophophore, then withdrew within the tube 
and did not come out any more. The descalcification of the shell 
fragment revealed its disappearance. The species stands the pu
trefaction of all the bigger accompanying animaIs. Even when 
the pseudo-colonies seem dead, the chitinous tubes still contain 
individuaIs, generally without lophophol'e, ready to regenerate. 
This fact, eontrary to the observations of Cerfontaine (1902, p. 
262), occurred not only in the summer, but was also frequent 
aftel' l'epl'oduction. When envil'onmental conditions are unfavour
able, many individuaIs remain in the tubes, but one 01' two aIways 
appear at the surface. I did not observe annual renewal of the 
aggregations, after reproduction (Ikeda 1901, p. 581). The speci
mens bear about three hours of desiccation. The density of the 
population is much lowel' than that of P. ovalis (du Bois-Reymond 
Marcus 1949): 17 individuaIs wel'e counted in 7.5 cm2 • The 
chitinous tubes sometimes coalesce, but remain individualized. I 
did not obsel'ved any vegetative propagation. Only one individual 
occul'red, similar to the one drawn by Selys-Longchamps (1907, 
t. 8, f. 11), but it may have been a young animal. Many newly 
collected animaIs exhibited a regenel'ating Iophophore. In the 
aquarium the autotomy was not simultaneous in all animaIs. When 
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the lophophore is going to be cast off, the tentacles lose their 
rigidity and the lophophore folds. A constriction appears at about 
0.5 mm below the base of the lophophore. More 01' less 45 minutes 
later the lophophore falls off (26.5°C t emperature). Together 

'with the lophophore embryos are eliminated and the anal papilla, 
nephridia, ganglion, circular nerve and end part of the intestine 
are lost. The body heals quickly, the end becoming round. The 
isolated lophophore moves for a while at the bottom of the dish; 
then the tentacles fall to pieces and degeneration begins. The 
regeneration of a new functionating lophophore takes place in 
Phoronis hippocrepia in 48 hours (Dyster 1858, p. 251) and in 
P. vancouverensis in 4 days (Rattenbury Marsden 1957, p. 314, 
table 1) whereas in the latter species a complete regeneration 
lasts about 16 days (ibid.). 

In normal conditions, and especially in strong incident light, 
the tentacles remain well rigid with active cilia. In some cases 
they bend over the brood-pouch, sometimes they interlace, may 
be to protect the embryos. The animaIs are practically motion
less; the tentacles scarcelly make small inward, and sometimes, 
outward bending movements. These movements undoubtely de
pend on proper stimuli. Thus, when a strange particle sticks 
to the inner face of the tentacle, its distaI end turns outwards 
thus cleaning the tentacle. The tentacles around the oral cavity 
frequently bend towards it to further the entrance of alimentary 
particles. If one squeezes the base of the lophophore, all externaI 
tentacles turn outwards in the direction of the stimulus. The 
lophophore and the anterior part of the body may also execute 
oscillatory movements, as well as bend totally downwards; some 
animal stretch very far out of the tube. These movements may 
have the purpose to explore the surroundings for food . Newly 
collected animaIs are very sensitive. The Ieast movement of the 
water provokes the retreat of the organism into the tube (Van 
Beneden 1858, p. 14, 20); they reappear only after a long time 
and slowly. They gradually get accustomed and do not react quick
ly any more, unless they are exposed to a strong stimulus. Taken 
out of the water they retreat into the tube and when put back 
into the water they are slow in coming out again; the same hap
pens when they are strongly irritated. Removed from the chitinous 
tube, they only secrete a transparent substance, not showing move
ments of the ampulla, as the species living in sand 01' in slime. 
In these the ampulla has a burrowing function (Selys-Longchamps 
1907, p. 36). The wall of the ampulla adheres to the chitinous 
tube, when in the secreting phase, so that the animal is damaged 
when one attempts to remove it. 
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Water currents in the lophophore coincide completely with 
the descript ions of Gilchrist (1907, p. 161) concerning P. capensis. 
The blood circulation is not regular. The blood does not ascend 
simultaneously in all tentacles and the pulsations are variable. 
At a temperatul'e of 24°C I counted 10 pulsations per minute, 
what agl'ees with the obsel'vations made in other species (McIntosh 
1888, p. 18 ; Cori 1930). At a temperature of 26°C I counted 12 
pulsations per minute. 

In nature the animaIs live in the zone where l'ocks are beaten 
by the surf therefol'e in a zone of agitated waters. In the quiet 
water of aquaria, the eliminated faeces may r emain in the COll

cavity of the lophophore and even envelop the embryos. The 
faeces are fusiform, reddish in the newly collected animaIs; aftel' 
a stay in the aquarium they are grey. In the first case they may 
have fed on larvae of Ectoprocta, for example, of the red Water-
sipor-a cucullata, noticed near the habitat of PhoTonis. I rarely 
observed the dejection with the lophophore completely turned 
downwards. The food is mainly composed by diatoms, among 
which Coscinodiscus sp. and Cyclotella meneghiniana; in the aqua
rium they feeded protozoans and detritus. 

The present species is evidently not necessarily boring. It 
possesses a destroying activity, since individuaIs from Cananéia 
found on mollusc shells were nestled into a groove of the shape 
of their body. The association with Polydom ciliata (Polychaeta) 
undoubtedly favours the boring habitat of Phoronis hippocrcpia. 
In Cananéia, where I did not find the mentioned annelid, the 
species was not discovered in burrows. In the case of the Poly
chaeta the perforation is chiefly mechanic (Hempel 1957, pp. 117, 
ff.) ; in the case of the Phoronis, incapable of mechanical perfora
tion and devoided of acid secretion (Gilchrist 1907, p. 161), the 
destruction of the lime must be connected to respiratory processes 
(Marcus 1938, p. 278). Polydora ciliata occurs also in living 

'shells; the phoronids, with one exception only (Silén, 1956, p. 96), 
were always observed in dead shells. In these perforation is 
easier, as the periostl'acum is often damaged; the same occurs 
in the crevices and cavities of the shells, the places chosen by the 
larva for metamorphosis (Silén 1954a). According to Hempel 
(loc. cit. ), the calcite of the shell is chiefly destl'oyed mechanically. 
As the oyster shell is a shell of pure calcite, the chemical attack 
is minute. Therefore I believe that an initial colonizing by the 
polychaetes favours a later occupation by phoronids. Some larvae 
certainly avail themselves of previously bored cavities. I observed 
newly metamorphosed animaIs in burrows too large for having 
been bored by Phoron'is itself. Polydom lines its burro",' with a 
tube that always projects outward and is covered with debris, 
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what is not the rule in Phoronis. I found the species only in 
the flat valve of the oyster. The preference of this valve by 
epibiontes is known from the literature (Korringa 1951, p. 37). 
As Phoronis lives in the tidal zone, a zone of intense struggle for 
life (Pearse 1950, p. 22), it is quite natural that it looks for 
shelter in a more secure and permanent habitat. In the present 
species the occurrence in aggregations seems merely fortuitous, 
certainly due to favourable environment. However, gregarious
ness (see Knight-Jones 1951, p. 32) is not excluded. 

My observations of individuaIs in the reproductive period 
and with embryos in the tentacular crown extend from July to 
March. Specimens from Santos were collected from July to De
cember; those of Cananéia were mainly obtained in January and 
February. During ali these months I found embryos in the lopho
phore. The animaIs collected at the end of February had embryos 
until the beginning of March. The animaIs first gathered (August 
1953) did not show any signs of reproduction, and during the 
next six months, when they were fixed, no reproduction took place. 
N ever did I obtain the beginning of reproduction in the aquarium. 
The animaIs collected in reproductive stage normally continued 
the process in the aquarium. In none of the plankton samples 
obtained from Santos or Cananéia I was able to find larvae of 
the present species, perhaps because the mesh of the net used 
was not fine enough to retain so small larvae. Two of them how
ever were obtained in Ubatuba in December, showing that at that 
time, at least, reproduction takes place there. On the whole re
production period of the present species lasts at least 8 months, 
and the possibility of 10 months, the longest observed for the 
group, in P. architecta (Brooks & Cowles 1905, p. 176) appears 
not impossible. The number of embryos contained in the brood 
pouch is variable. The maximum observed was 12, viz. 7 on the 
left, and 5 on the right side. Newly shed eggs rema in on the 
bottom of the brood-pouch and the larvae follow each other more 
or less chronologically, the more advanced stages are the upper
mosto In an animal well expanded out of the tube I counted 23 
eggs ready to be freed, aligned in the body cavity. Individual 
reproduction lasts more than 15 days. This period was observed 
in a specimen already with embryos, which during that time went 
to spawning in the aquarium. The eggs rise slowly, helped by 
the contractions of the afferent vessel. Contrary to the observa
tions of Silén (1954a, p. 219), daylight does not inhibit the 
elimination of the eggs in the present species. The egg takes 
about four days to develop into a young larva. It is very difficult 
to know the exact time, as the observed animais, newly collected, 
retreated into their tubes at the least agitation of the water. The 
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marked animaIs remained for days in their tubes so that the 
duration of the development had partly to be calculated by inter
polation. Until the stage of two tentades and, exceptionally, until 
the stage with eight tentacles the larva lives in the lophophoral 
concavity. The removing of younger embryos lying at the bottom 
is difficult, not only owing to their small size but also because 
the adult inter laces its tentades 01' r etreats into the tube. The 
larvae attach themselves by means of the hood, in an inverted 
position. The ciliated peri-anal ring of the most advanced larvae 
appears above and its cilia are very active. From time to time 
the hood executes somes movements 01' to let water in 01' to free 
the larva, attached to the epithelium of the brood-pouch OI' to 
younger stages by mucous secretion. I observed larvae of speci
mens from Cananéia freeing themselves with six tentacles. The 
free swimming period lasts 9 to 12 days, at temperatures varying 
between 16.5 and 22.8°C. The larva swims quickly, rises to the 
surface, then dives to the bottom of the dish; this movement is 
frequently repeated. The larva is very contractile; doubles itself 
up. It moves the hood very little. The hood remains dose to the 
body; only rarely the larva lifts it and projects it a little forward . 
The tentades, not very long, move little. The mature larva moves 
along the substratum as if looking for a suitable place to meta
morphose. Whether there is a shell OI' not, all the metamorphoses 
I saw were realized out of it OI' at the most under it. The complete 
metamorphosis, unto the individual with a remainder of anal 
papilla, takes about two hours; the meta soma grows by 300 microns 
in about one hour and 40 minutes, while the body is shortened by 
about 100 microns. The greatest part of the larval tentades de
generated. 

Summing up, we have : 

Reproductive period: July to March. 

Duration of individual reproduction : more than 15 days. 

Egg t o young larva : about four days. 

Free-swimming period: 9 to 12 days. 

Metamorphosis: two hours. 

The species is evidently eurythermic; it suffered in the aqua
rium temperatures ranging from 16 to 27°C and, exceptionally, 
from 14 to 30°C. The salinity changed from 30.63 to 37.38 0 / 00 , 

As accompanying fauna occur in Santos: Foraminifera (many 
Textularia and Rotalia; also Miliolida) ; Ciliata: Folliculinopsis an
drewsi and others tentatively dassified as Cothurnia and Lacri
maria; Polycladida; N emertini, once a Tubulanus rhabdotus Cor-
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rêa; Archiannelida (Dinophilus ); Polychaeta: Polydora (Leuco
dora) ciliata Johnston, E xogone sp., Syllis val'iegata Grube, Al
douinea sp., H alosydnella brasiliensis; Phoronis ovalis Wright; En
toprocta: Pedicellina nannoda Marcus (rare); Ectoprocta: Thala
?rwporella evelinae Marcus and Watersipora cucullata (Busk.). In 
Cananéia I found near the phoronids, algae; Polycladida; Panto
poda: Anoplodactylu8 carvalhoi Marcus, Anoplodactylus strictus 
Marcus and Ammothella appendiculata (Dohrn); Nudibranchia: 
Spurilla neapolita.na brazi liana MacFarland (February 1956) ; La
mellibranchia: Martesia striata (L.); Ascidiacea. 

11. Phoronis ovalis Wright 1856 

(Figs . 56-63) 

Phoronis ovalis Wri ght 1856, p. 167; Harme r 1917, p. 123; Cori 1932, p . 126; 1937, 
p. 130; 1939, p. 162; Brattstrtim 1948, p. 5 ; du Bois-Reymond Marcu s 1949, p. 157; 
Silén 1952, p. 135 ; L tin oy 1953, p. 7 . 

In the same biotope as P. hippocrepia I found P. ovalis, al
l'eady described from that same locality (du Bois-Reymond Marcus 
1949) . The present material consisted of colonies boring in empty 
oyster-shells. The burrows have an oval-shaped externaI orifice 
of 0.27 and 0.10 mm diameters. Some individuaIs are completely 
transparent, others are pigmented. The brownish pigment was 
observed either only at the distaI portion of the tentacles 01' over 
the whole body. The latter was frequently the case in regenerat
ing individuaIs 01' in those that were going to cast off their lopho
phore. Cuticular processes (du Bois-Reymond Marcus, op. cit., 
p. 159 and f. 10, t) were only seen in few individuaIs, hence they 
are not constant formations. They were absent in all individuaIs 
of one colony. 

Tentacles up to 26 in number. Their externaI part with 
conspicuous cuticle, the remainder with long cilia. "Corps en 
massue" up to 8.2 microns in size, plentifuI in the tentacles of 
some individuaIs and rare in the body epithelium. 

Median, single lophophoral organ (Figs. 62, l; 63, b) re
presented by a thickening of the anterior epithelium of the bottom 
of the lophophoral concavity. Its structure is similar to that of 
the Iophophoral organs of P. hippocrepia. Vesicular cells with 
peripheral nuclei are mostly accumulated in the central part; in 
the depth there is mass of nervous fibres. It is true that some 
of these vesicular cells have the appearance of neurons (vide right 
side of Fig. 63) with their single axon going towards the nerve 
layer. 
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Muscle bundles: 27 to 34 in number (Fig. 59, f) distributed 
14 to 21 on the left and 13 to 18 on the right side. Marginal 
muscle fibres, three to four in number, on each side of the bundle 
(Fig. 61). In none of my specimens I found the paired thicken
ing of the ganglion with connecting commissure and I believe it 
is caused by fixation (cf. Silén 1954b, p. 5). Giant fibres, about 
2.5 microns in diameter, located near the prolonged lower walI 
of the nephrostome (Fig. 61, k). They were however not found 
in alI individuaIs and therefore their presence cannot yet be con
sidered as specificalIy constant. 

Small nephridia, with a short nephridial sub-epithelial canal 
and small nephrostome (Figs. 56, 57, 62, a, g). In some individuaIs 
the lower wall of the nephrostome is prolonged downwards, lon
gitudinally to two thirds of the length of the muscular region of 
the body (Fig. 58, h). This prolongation of the lower wall of 
the nephrostome which is not constant, led du Bois-Reymond 
Marcus (op. cit., p. 122) to consider the nephrostome as longo 

The stomach epithelium showed the appearance of syncytium 
(Lonoy 1953, f. 12) only in animaIs in poor physiological condi
tions. 

Caecal vessels present in the inferior third of the length of 
the lateral vessel; they fuse in the ampulla, forming lacunae. 
The accessory vessel opens into the peri-gastric sinus, running, 
farther on, through the whole muscular r egion, closely adhering 
to the descending branch of the digestive tube (Fig. 59, c). Blood 
corpuscles 7 and 9 microns in diameter and their nucleus 2 to 
2.5 microns. 

Body cavity with some fusiform, eosinophilous corpuscles 
10X5 microns and 20X6 microns in size. They are abundant in 
individuaIs during the regenerative processo I found roundish 
corpuscles 6 microns in average with golden-yellow granules in 
the body cavity and also in the vessels. 

Fat body present in both chambers of the body cavity. Paired 
ovaries, the left more bulky than the right one (Fig. 60, p), oc
cupied the whole body cavity in November. The ovocytes with 
almost simultaneous development exhibit vitelline nuclei, one 01' two 
in number, strongly basophilous and crescent- 01' bar-shaped 
(Fig. 60, s) as in the ovocytes of P. mülleri (Selys-Longchamps 
1907, p. 118 and t. 7, f. 5). Vitelline nuclei are frequent in ovo
cytes of Ectoprocta where they consist of ribonucleins (Chrétien 
1957, p. 30, f. 2, 3, R). Two nucleoli are present; they fuse in 
the large ovocytes. N one of the sectioned specimens had testis. 
In the developed ovary of one individual I noticed one single 
spermatozoon, similar in structure to the one described for P. hip-
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pocrepia. Total length about 10 microns, the head being 1.4 
micr ons in length and the small middle piece 1 micron. There 
are doubts as to whether P. ovalis is dioecious or a proterandric 
hermaphrodite. With Harmer (1917, p. 129) I admit it to be 
unisexual. Besides the budding individuaIs (du Bois-Reymond 
Marcus 1949, t. 3) I found the same types of individuaIs in the 
regenerative process and in transverse fission represented by Har
mer (op. cit.). IndividuaIs with invaginated body wall were rare. 
I seI dom observed the loss of the lophophore although conditions 
in the aquarium were not the best. Moreover, the species is much 
less resistant than P. hippocrepia; when fasting for a long time, 
they reabsorb themselves. While descalcifying a colony I thought 
to be dead, I found in the chitinous tubes remains of strongly 
pigmented tissue. I did not see regeneration from tentacular 
crowns (Silén 1955, p. 160). In March 1955 I observed pigmented 
globular formations about 150 to 250 microns in size within small 
chitinous tubes with annular thickenings; I attempted to rear them, 
but without success. Through the work of Silén (1954a) I iden
tified these formations as larvae of P. ovalis. The stage re
presented on p. 244, f. 21C of Silén's work occurred in my material 
within the chitinous tube and not swimming. 

OCCURRENCE - Santos (Ilha Porchat), in empty oyster-shells, 
on the ebb tide mark. 

FURTHER DISTRIBUTION - East coast of Great-Britain, Heligo
land?, oresund, west coast of Sweden; Brazil; New Zealand (Silén 
1956, p. 94) . 

DISCUSSION - Of all the characters described for the first 
specimens of the species from Brazil and not known from P. ovalis 
material of other provenances, the nephridium (Silén 1952, p. 122) 
and the cuticular processes of the chitinous tube are doubtful still 
after the studies of Lonoy (1953). Both are inconstant features 
in the Brazilian material and therefore of little systematic value. 
The long lower wall of the nephrostome prolonged downwards 
present in the more developed Brazilian specimens has not yet 
been observed in the N orth Sea specimens. This structure is 
very variable in other species and undoubtedly due to growth. I 
therefore agree with the conclusions of Lonoy (op. cit.) , that 
the Brazilian material is con-specific with the European one. The 
diagnosis of the species given by Silén (op. cit., p. 135) may be 
completed as follow : Chitinous tube: smooth 01' with cuticular 
processes. Length: up to 13 mm. Tentacles: maximum 27. 
Lophophoral organ: a single mediano Giant fibres: two, about 
2.5 microns in diameter, but not always conspicuous. Longitudinal 
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muscles: 26 to 39 bundles, diversified into marginal and central 
fibres. Accessory vessel: in the whole extension of the metasoma, 
merging into the peri-gastric sinus. Blood-corpuscles: 5 to 9 mi
crons in diameter. N ephridia: with a single, small nephrostome, 
whose lower ,vall may be short 01' longo Unisexual7. Ovary pair
ed. Assexual propagation: transverse fission and budding. Larva: 
not actinotrocha. 

lU. Actinotrochae 

a) Actinotrocha bella (new technical name) 

(Figs. 64-89) 

Stage with 18 larval tentacles (Fig. 64 A) - Total length 
0.55 mm; hood 0.19 mm long and 0.30 mm wide; maximum width 
of body 0.19 mm; peri-anal ciliated ring 0.21 mm in diameter and 
0.046 mm thick; tentacles 0.25 mm long and 0.026 mm wide. Re
latively large hood placed in horizontal position; body already well 
developed as well as the peri-anal ciliated ring. Ventral tentacles 
shorter than the body. Pigment absent. Hood epithelium com
posed of cuboidal cells with large nuclei occupying almost the 
whole height of the cell. Velltral epithelium of the body composed 
of narrow columnar cells with elongated, very thin and deeply
stained nuclei. At the insertion leveI of the tentacles the whole 
lining epithelium is homogeneous, composed of columnar cells with 
elongated nuclei (Figs. 66, 67, q). In the posterior region of the 
body it becomes flat. Gland cells absent. Some mesenchymal, 
fusiform cells present in the hood cavity; some of them attached 
to the body walls. Wide buccal vestibule lined with epithelium 
not differing from that lining the hood. Buccal aperture and 
oesophagus covered by columnar epithelium whose thin cells have 
elongated, densely arranged nuclei. The wall of the bulky stomach 
(Figs. 66, 67, i) forms folds. It is composed of cells similar to 
those of the diverticulum. This is single, composed of cuboidal 
cells with large round, heavily chromatic nuclei situated at the 
base of the cells. Close to the ventral-lateral wall of the stomach 
I noticed a cell proliferation (Fig. 67, n), perhaps the pril1lordium 
of blood cells. Two digestive areas (Figs. 66, 67, m) at different 
leveIs. Metasoma present as a short invagination. One pair of 
dorsal l1luscles inserted near the root of the last dorsal pair of 
tentacles (Fig. 67, k). Nephridia sil1lple (j). Trunk coelom 
developed (l). First blood cells noticed. 

Stage with 22 tentacles (Fig. 64 B) - Total length up to the 
extremity of the ventral tentacles 0.55 ml1l; up to the per i-anal 
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ciliated ring 0.48 mm; hood 0.18 mm long and 0.22 mm wide; 
maximum width of body 0.20 mm; peri-anal ciliated ring 0.12 mm 
in diameter and 0.04 mm thick. Hood of medium size; ventral 
tentacles longer than the body which presents itself contracted. 
Granules of yellow pigment present in the hood on the outer side 
of the tentacles and in the peri-anal ciliated ring. Epithelium 
covering the lower part of the body composed of squamous cells 
with narrow, elongated, transversely disposed nuclei (Fig. 68, q). 
Subepidermic muscular layer (r) is underlaid by the very thin 
somatopleure, whose elongated nuclei are here and there hardly 
distinguished. At the leveI of hood root the dorsal covring epi
thelium becomes thicker. The ventral body epithelium from the 
fore end to the aperture of the metasoma is constituted of co
lumnar, ciliated cells (Fig. 65, g), representing the remainder of 
the ventral thickening. The little invaginated metasoma (Fig. 70, 
v) consists of epithelial cells lined with the somatopleure, the 
large round nuclei of which are noticed. Peri-anal ciliated ring 
(Fig. 69, y) composed of numerous thin cells. A single diver
ticulum (Fig. 65, e) present. Oesophagus valve provided with 
strong annular muscles. Stomach constituted of columnar cells 
with round nuclei situated mainly in the middle OI' in the proximal 
third of the cells. Intestine making a loop; the region between 
stomach and intestine (Fig. 68, p) is formed by an epithelium 
of columnar thin cells with elongated heavily chromatic nuclei. 
End part of intestine (Fig. 69, p) composed of cuboidal cells with 
round nuclei and rare vesicular gland cells with basal nucleus. 
Hood septum present. Roundish amoebocytes in the body cavity, 
average 5 microns in diameter and their nucleus 2 microns. Other 
amoebocytes with round OI' horseshoe-shaped nucleus are attached 
to the stomach wall. Ventral mesentery developed (Figs. 68, 69, s). 

Stage with 24 tentacles (Fig. 71 A) - Hood not lying on 
the body, which is somewhat bulky. Total length 0.70 mm; hood 
0.40 mm wide; maximum width of the body about 0.30 mm at the 
insertion leveI of the ventral tentacles; long, filiform tentacles, 
the ventral ones, 0.20 mm long extend nearly as far as the peri
anal ciliated ring; they are 0.02 mm thick. Per i-anal ciliated ring 
0.20 mm in diameter and 0.03 mm thick. Hood epithelium very 
thin with squamous cells and round nuclei; however, in the medio
ventr al part of the hood the epithelium is quite thick composed 
of thin cells with deeply-staining nuclei. In the hood cavity rare 
mesenchymal cells with round nuclei . No sensory organ; ganglion 
only conspicuous in section. Body epithelium composed of 
squamous cells with elongated nuclei placed transversely. Meta
soma (Fig. 71 A, a) represented by a small tube that partially 
surrounds the right si de of the stomach; opens to the left a little 
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lower than the root of the ventral tentacIes. Digestive tube as 
in the preceding stage; a single diverticulum with rare vesicular 
gland cells (Fig. 74, p) and globular basophilous formations (k) 
with round nucIei. Stomach so bulky that it enters the root of 
the tentacIes; there exists a zone of intense proliferation of cells 
as in the stage with 20 tentacIes. Mass of blood corpuscIes only 
r epresented by a few rare globules. Nephridia (Figs. 72, 73, m) 
open laterally, a littIe above the aperture of the metasoma. The 
canal is formed by cells of small height with nucIei in the proximal 
side. Many cells are apposed to the canal on the outside. Round 
solenocytes are 2 microns in size. One pair of retractors in the 
hood; they merge on the leveI of the last pai r of dorsal tentacles. 
The developing ventral pair of muscIes of the trunk is inserted 
near the externaI opening of the nephridia. Ventral mesentery 
on the last part of the intestine. Hollow tentacIes (Fig. 72, g) 
with rare pale nucIei of mesenchymal cells in the cavity. They 
are covered by a ciliated columnar epithelium with elongated, 
chromatic nucIei either basal 01' median, on the lateral and anterior 
face. The epithelium is flat on the posterior face. 

Stage with 38 tentacles (Figs. 71 B, B1 ) - Larva with bulky 
body; hood of medium size. Peri-anal ciliated ring developed and 
undulated. Long and filiform tentacIes. Caecal vessels present 
on the left side. Metasoma well developed. An elliptical sensory 
organ present. On the sides of the mouth two brownish pro
minences (Fig. 71 B, c) and in the region a littIe above the inser
tion of the ventral tentacIes, an oval brownish formation (d), 
placed with its longer axis perpendicular to the length of the 
larva. In sections these structures proved to be masses of blood 
corpuscles which will be described below. Total length 1.10 mm; 
hood 0.60 mm long; the latter is as broad as long; maximum 
width of the body 0.50 mm; peri-anal ciliated ring 0.35 mm in 
diameter and 0.10 mm thick. Ventral tentacIes about 0.50 mm 
long and 0.04 mm thick. Dorsal epithelium of the hood (Fig. 82) 
consists of rare gland cells with acidophilous droplets; r ather tall 
columnar cells with oval nucIei placed in the central part 01' in 
the upper third; club-shaped gland cells (Fig. 82, a) with baso
philous granular contents; oval glandular cells with marginal, 
infero-Iateral nuclei without contents. Ventro-median epithelium 
(Fig. 75, s) constituted of columllar, ciliated cells with elongated 
and central nuclei. Ventro-Iateral epithelium (v) with cuboidal 
cells of pale cytoplasm and small nuclei. Body epithelimn is low, 
with small, elongated nuclei (Figs. 77-80). In the posterior part 
of the body the epithelium is either flat (Fig. 85, i) 01' thin with 
the proximal part of the cell reticular and small round nuclei 
situated in the upper third (Figs. 84, 86, e). The subepithelial 
muscle layer 2 to 3 microns thick (Figs. 84, 85, f) is slightly stained 
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by eosine. I found some eosinophilus gland cells in the ventral 
'€pithelium at the insertion leveI of the tentacles. The epithelium 
covering the per i-anal ciliated ring is composed of low columnar 
cells (Fig. 86, e) with small and round nucIei situated either in 
the upper or in the inferior parto Vesicular cells, obviously glands, 
are also present. The ciliated ring is formed of very thin cells 
(Fig. 81, y) with long ciIia; their lluclei are small and elongated, 
situated at different leveIs, even in the upper parto The lateral 
and anterior epithelium of the tentacles is composed of columnar 
ciliated celIs with elongated nuclei placed perpendicularly to the 
surface. Fibrillar nervous substance seems present in the anterior 
face of the tentacle. Sensory organ (Fig. 83, c) consists of an 
accumulation of gland celIs with basophilous droplets; sole-shaped 
(d) and club-shaped cells (a) are frequento In the depth of the 
organ there is a 6 microns nerve (b) extending forward (Fig. 82, 
b) . The ganglion (Fig. 76, a) is situated in a slight pit of the 
epithelium; it is covered with common epithelial cells, intermingled 
with round slight1y chromatic nuclei belonging to celIs of which 
I could not detect the outlines. They might be nuclei of sensory 
cells. N ervous substance present in the deep part of the organ; 
its central part continues forward in the nerve reaching the 
sensory organ. In the nervous substance I discovered scarce 
ganglionar unipolar celIs; their body is 5 microns in size and the 
round nucleus 3 microns. I observed some nervous tracts in the 
hood without being able to folIow their course. N ervous substance 
is also present in the externaI edge of the hood (Fig. 75, u). 
N erves 5 microns in diameter were also identified within the 
nervous substance of the epithelium enveloping the peri-anal 
ciliated ring. Digestive tube as in the formeI' stages. Stomach 
(Figs. 78, 79, j) placed dorsalIy in reIation to the metasoma pos
sesses an epithelium formed of columnar cells with round nuclei 
situated at different leveIs from the upper third to the lower one; 
also columnar celIs with elongated and narrow, deeply-staining 
nuclei and gland cells with contents represented by eosinophilous 
drops about 3 microns in size (Fig. 87, p). Dorsal ciliated band 
(h) present, composed of thin cells with chromatic nuclei; along 
this band eosinophilous gland cells of the above described type 
are noticed. In the ventral epithelium of the stomach, opposite 
to the band, there is also a zone of celIs which look like those of 
the bando In the proximal part of the stomach gland cells are 
rare. The single diverticulum (Fig. 77, e) is formed of high 
columnar celIs with round, small nuclei situated at different leveIs, 
seI dom in the base but also in the distaI end. The cytoplasm of 
these celIs is spongy-like. Rare gland cells with eosinophilous 
drops are also present in the diverticulum. Rectum (Fig. 80, z) 
covered by low columnar ciliated epithelium with round nuclei 



- 41-

situated in the central part or in the proximal third. I found 
diatoms, mostly Coscinodiscus, in the stomach cavity and also en
closed in the cells of its walI. Ventral mesentery (Fig. 80, x ) 
present over a short extension. Hood cavity crossed by rare fusi
form cells with cytoplasm slightly stained. In the trunk coelom 
I found star-shaped cells (coelomocytes) with small, round, peri
pheral nucleus and slightly eosinophilous cytoplasm (Fig. 80, v), 
and also oval cells with round rather central nuclei. I also found 
such cells attached to the subepithelial layer (Fig. 85, g) . Meta
soma initially sinistrorse later turllS towards the right forming a 
series of folds and reaching the inferior part of the trunk (Fig. 
71 B, a). Its epithelium is formed of columnar cells with basal 
nuclei and of gland cells with granular eosinophilous contents. 
Granules of this type are also found in the cavity. Club-shaped 
basophilous gland cells filled with small granules are plentiful in 
the median part and rare in the lower metasoma. Gland cells with 
eosinophilous drops, 1 micron in size, are rare in the metasoma 
epithelium. Longitudinal muscles of the metasoma already dif
ferentiated into bundles. One pair of retr actors in the hood; they 
extend from the ganglion to the last pair of dorsal tentacles (Figs. 
76, 77, b). I could follow two pairs of ventro-Iateral muscles 
(Fig. 77, g) from the ventral wall below the buccal opening to 
a little below the insertion of the ventral tentacles. These ll1uscles 
lie in the praeseptal cavity (Fig. 88, q), and possibly they re
present the elevator of the metasoma and nephridia (cf. Cori 
1939, f. 42) . One ventral pair of muscles in the trunk, is 
inserted just in front of the peri-anal ciliated ring. Curved 
nephridial canal placed obliquely (Fig. 78, k) with the concavity 
turned upwards, opens laterally into a tiny pore, beneath the in
sertion of the ventral tentacles. Rare solenocytes with pale colored 
nuclei. Lophophore coelom of adult incompletely developed. De
finitive tentacles absent and owing to the matu.rity of the larva 
I believe that they develop from the larval ones. Circulatory 
system well developed. Bulky superior blood arch (Figs. 76, 77, 
d) surrounds ventrally the eosophagus and the unpaired diverti
culum, projecting forward in a latero-dorsal position until it 
reaches the leveI of the buccal opening. The two branches of the 
blood arch are connected by a thin vessel situated between the 
eosophagus and the diverticulum (Fig. 77). The blood arch ex
tends downwards adhering to the lateral walls of the stomach, 
turns around each nephridium and ends near the lateral wall of 
the body at the leveI of the tentacles roots (Fig. 78, h). This 
arch is lined by thin epithelium and attached to the body wall 
by means of connective fibres (Fig. 77). Blood corpuscles are 
about 8 microns in size and with 2 microns nuclei . Dorsal vessel 
(Fig. 87, n) developed, adhering to the dorsal wall of the stomach. 
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From it numerous caecal vessels (l) emanate filling the trunk 
coelom; some even attain the ventral side. They are absent on 
the right side. They seem to have the same origin as the dorsal 
vessel, viz., folds of the peritoneum. Structurally they consist of 
a eluster of small deeply chromatic nuelei delimiting a cavity (Fig. 
89, l). The outlines of the cells were not distinct. 

OCCURRENCE - Stations n.O 115, 119, 129, 130 and 137 of the 
cruise of "Toko Maru", all along the northeast Brazilian coast, 
at the height of the city São Luís, State of Maranhão. 

DISCUSSION - The above described larval stages were all con
sidered as belonging to the same species owing to structural 
similarities, mainly, regarding the subepithelial musele layer, the 
digestive tube, and the nephridia. The assumption that these 
stages represent the development of one and the same species 
can only be proved by rearing these larvae. The most advanced 
stage, the only one that enables a sure elassification, does not 
agree with any of the already described larvae. To distinguish 
the present larva from those known through literature, I enumer
ate them, giving their disjunctive characteres, mainly the externaI 
ones. 

A. ashworthi - Length: 0.65 mm, with 20 larval tentaeles and 
anlage of definitive ones; three blood corpus ele masses, ar
ranged as in A. sabatieri. 

A. branchiata - Lellgth: 2.00 mm, with 30 to 32 larval tentacles 
and 26 to 28 defini tive ones arranged in two symmetrical 
groups, independent from the larval ones; paired diverticulum, 
vacuolated; two ventral masses of blood corpuseles connected 
with nephridia; pigment contained in amoebocytes. 

A . gegenbauri - Length: 2.50 mm, with 24 larval tentaeles; 
metasoma absent; three masses of blood corpuseles. 

A. hatscheki - Length: 0.62 mm, with 16 larval and 10 definitive 
t entaeles; two stomach diverticula; no sensory organ. 

A. henseni - Length: 0.30 mm, with about 13 larval tentaeles ; 
no meta soma. As this is a very young larva, there is some 
chance that it belongs to the developmental sequence of A .. 
bella, owing to its occurrence in northern Brazilian waters. 

A. hippocrepia - Length: 0.70 mm, with up to 10 tentaeles; a 
ventral mass of blood corpuseles on leveI of eosophagus and 
some globules grouped laterally above the roots of tentaeles; 
pigment present. 
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A. ikedai A - Length: 1.00 to 1.50 111111, with 16 tentacles; sensory 
organ absent; two pairs of blood corpuscle 111asses, one at the 
leveI of the diverticulu111, the other in front of the septu111, 
on both sides of the sto111ach; dorsal vessel only exceptionally 
formed. 

A. ikedai B - Length: 2.00 to 2.50 m111, with about 28 larval 
tentacles; two ventral blood masses at the leveI of the roots 
of tentacles; (very similar to A. branchiata). 

A. ikedai C - Length: 1.50 mm, with up to 24 tentacles; sensory 
organ absent; two blood masses sidewards of eosophagus; 
circular muscles of body wall form a thick layer (as in A. 
bella); one pair of bottle-shaped glandules, on each si de of 
the ganglion. 

A. ikedai D - Length: 4.00 to 5.00 111m, with 40 to 48 larval 
tentacles; defini tive tentacles represented by a thickening of 
the wall of the larval ones; sensory organ absent. 

A. metschnikoffi - Length: 0.60 mm, with 16 to 18 lar val ten
tacles, anlage of defini tive t entacles present; three blood cor
puscle masses, two near the diverticulum and one ventral in 
front of the root of the ventral tentacles. 

A. pallida - Length: up to 0.60 111m, with 10 to 12 lm·val ten
tacles; a single ventral mass of blood corpuscles, in the fore 
part of the stomach. 

A. sabatieri - Length: 1.00 to 1.50 mm, with 12 larval tentacles; 
10 defini tive tentacles; ? three masses of blood corpuscles, two 
near the diverticu lu111 and one in the insertion region of the 
ventral tentacles; pigment present. 

A. wilsoni A - Length: 1.02 mm, with 18 larval tentacles; de
finitive tentacles as thickening of the inferior wall of the 
root of the larval ones; t wo masses of blood corpuscles; 
sensory organ absent; pig111ent present. 

A. wilsoni B - Length: 1.22 m111, with up to 26 larval tentacles; 
defini tive tentacles in two groups, independent of the larval 
ones; four masses of blood corpuscles, two dorso-lateral and 
two ventro-lateral. 

Insufficiently characterized are : A . brownei, A. dubia, A . gar
dineri, A. goodrichi, A. haswelli A and B, A. menoni A, B, C and 
X, A. ornata, A. seylisi, A. shearei, A. spauldingi, A. schepotiefti 
A and B, and the actinotrochae described by Master111an and 
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Steuer. I did not find any relationship between the young stages 
of A. bella and others, previously studied but, mostly, incompletely 
described. 

b) Actinotrocha chata (new technical name) 

(Figs. 90-91) 

Stage with 10 tentaclcs (Fig. 90) - Hood of medium size: 
body voluminous in the prae-tentacular region; anal papilla not 
very developed; peri-anal ciliated ring present. Total length (U.) 
530 microns; maximum width 200 microns; ventral tentac1es about 
184 microns long; per i-anal ciliated ring 117 microns in diameter, 
and 28 microns thick; anal papilla (a.p.) 211 microns long; the 
ratio of t.!. to p.a. is 2.5: 1. Metasoma represented by a thicken
ing of the ventral wall of the body; its epithelium shows some 
gland cells (Fig. 91, x). The somatopleure (s) consists of cells 
with distinct large nuc1ei. The ventral mesentery connects the 
metasoma to the stomach wall (v ). The hood epithelium is con
stituted by cuboidal cells. The ganglion is represented by a thick
ening of the dorsal epithelium of the hood. Diverticulum as well 
as blood masses absent. Some vesicular cells present in the epi
thelium of the peri-anal ciliated ring. N ephridium consists of a 
small canal opening at the leveI of the meto soma plate. Digestive 
tube as in the young stages of A. 1uilsoni B, described below. 

OCCURRENCE 
n .O 82. 

Ubatuba, one specimen in plankton sample 

DrSCUSSION - I have no reference of 16-tentac1e larvae with 
primordium of metasoma previously described. Since the struc
ture of this larva is similar to that of the young A . wilsoni B of 
the same sample, the possibility of the present larva being a young 
A . wilsoni B with delayed development of the metasoma cannot 
be exc1uded. 

c) Actinotrocha wilson i B (technical name) 

(Figs. 92-118) 

Stage with eight to 10 tentacles (Fig. 92 A, B) - Total 
length: 257 to 447 microns; hood 95 to 180 microns long and 
about 152 microns wide; width of body from 85 to 136 microns; 
ventral tentac1es 123 to 142 microns long and 20 microns thick; 
anal papilla 47 to 136 microns long, the ratio of t .!. to a.p. is 5.4 
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to 3.2: 1. Small hood, sometimes pulled down over the body, some
times in vertical position; the post-buccal region is the most de
veloped. Anal papilla small with rudimentary peri-anal ciliated 
ring, only noticed in sections. Ventral tentacles long, exceeding 
the body. Body epithelium squamous (Figs. 97, 98), in most of 
its extension; ventro-median epithelium of hood (Fig. 95, b) form
ed of columnar cells with elongated, deeply-stained nuclei; laterally 
the epithelium is constituted of cuboidal cells with round, basal 
nuclei and some vesicular gland cells with lateral nuclei. Very 
thin fibres, perhaps connective-muscular elements, cross the hooc1 
cavity (Fig. 96). Ganglion (Fig. 92 A) in total view, roundish 
OI' kic1ney-shapec1. Structurally it consists of an epithelial thicken
ing (Fig. 95, a) with numerous nuclei anc1 nervous substance 
deeply placec1, where I coulc1 discern two nerves. The digestive 
tube is constitutec1 of a quite small rounc1 mouth; a short oeso
phagus; a stomach (Fig. 97, e), initially wic1e, suc1denly narrow
ing c10wnwards (Fig. 98, e), anel a globous terminal intestine. 
The oesophagus ends in a valvular formation. The stomach, at 
its proximal enc1, consists of cuboic1al cells, with large, rounc1 
nUclei; dorsally the epithelium is columnar with a few glanc1 cells. 
Only one c1igestive area was present. Metasoma absent. Fusi
form mesenchymal cells present in the boc1y cavity. The ventral 
thickening (Figs. 95, 96, b) extenc1s from the buccal region to in 
front of the insertion of the tentacles. N ephric1ium (Fig. 98, i) 
formec1 of a long canal of narrow caliber. It is situatec1 in the 
body cavity, supportec1 by thin fibres; it ends internally with rare 
solenocytes and opens a little above the anus. 

Stage with 12 larval tentacles -- The larva c1iffers little from 
the precec1ing stage. Total length 396 to 476 microns; hooc1 136 
to 176 microns longo Body up to 117 microns wide. Ciliatec1 
ring 57 microns in c1iameter anc1 16 microns thick. Ventral ten
tacles up to 224 microns long and 15 microns thick. Ratio of t.1. 
to a .p. from 3.5 to 3.2: 1. A stomach diverticulum present; its 
epithelium does not differ from that of the stomach and contains 
a few cells with pale vacuoles. Stomach with outline of two digestive 
areas, where the epithelium is thicker. Metasoma represented by 
a slight thickening of the epithelium. Free mesenchymal cells 
from a layer in the wall of the body anc1 of the digestive tube 
(Figs. 101, 104, f), c1elimiting the trunk coelom. The latter is of 
lacunar origin; not only elements supplied by the digestive tube 
(Selys-Longchamps 1907, p. 132) but also, certainly, elements from 
the wall of the nephridium (Cowles 1904, p. 174) contribute to 
its lining. Nephridium (Fig. 99, i) in its initial part remains 
in the body cavity; it opens at the levei of the per i-anal ciliated 
ring. The nephridial canal is composec1 of cuboic1al cells with 



- 46-

large central round nuclei (Fig. 104, i). Mesenchymal cells (Fig. 
100, g) with large round nuclei are distinct in the body cavity. 

Stage with 16 to 18 la1'val tentacles (Figs. 92 C, 93 A) - Total 
length up to 650 microns; hood up to 228 microns long and about 
350 microns wide ; maximum width of body about 200 microns; 
ventral tentacles up to 285 microns long and 22 microns thick; 
per i-anal ciliated ring up to 150 microns in diameter, and 40 
microns thick. Ratio of t.l. to a.p. from 3.6 to 2.5:1. In the 
specimen of Fig. 92 C the anal papilla is quite contracted. The 
metasoma is represented by a short invagination (Fig. 107, k). 
On the whole the body epithelium is squamous with hardly distinct 
nuclei. The columnar epithelium with elongated and deeply stain
ed nuclei is only present in the remainder of the ventral thickening 
and at the leveI of the insertion of ventral tentacles. In the 
ganglion some paI e nuclei, probably belonging to sensory cells are 
noticed; nervous substance in depth were noticed. The buccal 
opening is lined with columnar, very thin cells, with elongated 
nuclei situated in the central parto Stomach with varying epithe
lium according to the digestive phase. The nuclei of its cells may 
lie in the upper and vacuoles in the inferior part; these vacuoles 
may present contents, which are stained orange with Mallory. 
There are two digestive areas with enclosed alimentary particles 
(Fig. 108, n). The fore-part of the stomach may protrude into 
two diverticula, but this is not the rule. The rectum also has cells 
with vacuoles. Ventral mesentery (Fig. 107, m) present. Meta
soma (k) formed of columnar, ciliated cells with basal nuclei; 
there are also rare cells with granular cytoplasm. Its lining con
sists of cells that have quite conspicuous large nuclei. Simple 
nephridial canaIs (Fig. 108, i) open laterally to the opening of 
the metasoma. Solenocytes are 4 microns in size. Lateral ag
gregations of mesenchymal cells with large roundish nuclei (Fig. 
108, g) show the primordia of the ventral masses of blood cor
puscles. 

Stage with 20 larval tentacles (Fig. 92 D, E) - Total length 
up to 760 microns; hood up to 250 microns long, and exceptionally 
450 microns wide. The ventral tentacles are very long and may 
exceed the length of the body when it is quite contracted (Fig 
92 D) ; they reach up to 300 microns and are 20 microns thick. 
Peri-anal ciliated l'ing is about 200 microns in diameter and 300 
microns thick. Ratio of t.l. to a.p. on an average 2.9 to 2.3 :1, 
may also be 4.0: 1. Metasoma represented by a developed tube. 
The ventral pair of blood cor puscle masses is apparent (Fig. 106, 
x) . The body may be voluminous when expanded; it may also 
be curved backwards. I observed in the hood a dorsal 5 microns 
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nerve and one pair oí dorsal muscles, which extends Íl'om the 
ganglion to the insertion leveI of the dorsal tentacles. It represents 
the retractor of the hood. In the hood cavity of one individual 
I noticed the presence of gregarines (Figs. 102 A; B, s) . Stomach 
,diverticulum single or paired. The cells of its wall may contain 
vacuoles and their nuclei are placed in the proximal part. A di
verticulum of the trunk coelom penetrates into the tentacles (Fig. 
114). Nephridial canal (Fig. 106, i) curved; solenocytes are dis
tinct. Dorsal vessel little developed. In the digestive tube I found, 
besides spicules and diatoms an egg in segmentation. 

Advanced larva (Figs. 92 F-G; 93 B; 94) - The larva has 
up to 26 larval tentacles and a maximum of 20 definitive ones 
arranged in two series, on each side under the larval tentacles 
(Fig. 92 G; 93 B). Maximum total length was 1.45 mm; maximum 
breadth of body 0.50 mm; peri-anal ciliated ring up to 0.30 mm in 
diameter and about 0.09 mm thick; ventral tentacles up to 0.45 mm 
long; ratio of t.l. to a.p. up to 1.8:1. Definitive tentacles appear 
in larvae with 22 larval tentacles. There is a certain variation 
in the number and time of their appearance, as was already ob
served by Steuer (1933) in A. branchiata. Exceptionally a larva 
with 20 tentacles had them. They are situated at the root of the 
larval ones but are independent f rom them. I found granules of 
light brown pigment in the hood epithelium on the inferior face 
of the larval tentacles and in the peri-anal ciliated ring. The pig
ment is diffusedly scattered and not contained in amoebocytes. 
The larva may be slender (Fig. 93 B) OI', on the contrary, quite 
stout (Fig. 92 G). Usually the contraction provokes the appear
.ance of the diverticula; in the stout larva represented in Fig. 93 G, 
even a part of the metasoma pelletrated into the fore part of the 
body. The hood either stands in a vertical position OI' covers the 
buccal opening. The two living larvae I observed were transpa
rent with orange pigmento The body epithelium is so thin that 
a complete analysis was not possible; that of the hood is very 
10w, except in the dorsal part, where it is thickened, formed of 
tall columnar and some gland cells. In the ventro-median portion, 
above the buccal opening (Figs. 109; 112, tu) , the cells are also 
columnar. The digestive tube is also very long, forming a loop 
in the end parto Bulky stomach, consists of low columnar cells; 
in the animal fixed in fully relaxed condition the stomach epithe-
1ium becomes very thin, as a result of a considerable enlargement 
oí the cavity. However, in other specimens the stomach epithelium 
appears very high (Fig. 113) and with some gland cells conta in
ing eosinophilous drops ( v ) . Stomach diverticulum paired (Fig. 
110, c) OI' absent, seldom vacuolated (Fig. 109, c) ; sometimes, due 
to fixation, only one is distillct. Two ventro-Iateral digestive areas 
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(Fig. 115, z) are present. Terminal intestine formed of cuboidaI 
cells. The anus is lined with narrow columnar cells with elongated 
nuclei. Ganglion (Figs. 109, 110, a) located in a small invagina
tion of the epithelium. Sensory organ (Figs. 112, 118), roundish 
01' oval, protrudes in front of the ganglion, but may be found in 
a hollow. Its gland cells with basophilous granules, are very thin 
and elongated (Fig. 118, p). A developed nerve is found in the 
depth (n). Some connective-muscular elements occur in the hood 
cavity. Prae-oral septum hardly recognizable (Fig. 112, q). 
Dorsal retractors of the hood were noticed (Fig. 115, m). A pair 
of muscles is also present in the trunk. Four blood corpuscle 
masses, two dorso-lateral (FIg. 115, j) and two ventro-lateral (h) 
to the stomach. By fixation the pair OI' dorsal masses may reach 
the leveI of the oesophagus (Fig. 110, j). This pair is present 
in larvae with 22 larval tentacles. Blood corpuscles are 6 to 7 
microns in diameter with 2 microns nuclei. Dorsal and latero
dorsal vessel present (Fig. 105, z, y; 115, x). The dorsal vessel 
extends downwards to the transition zone between the stomach 
and the rectum. Nephridia are connected with the ventral pair 
of blood corpuscle masses (Fig. 117, i). The curved nephridial 
canal (Fig. 111, i) is situated above the septum. Its superior 
part is provided with a few solenocytes (u), denoting an involu
tion. Metasoma well developed, forms a series of folds, some of 
them short, others extending as far as the per i-anal ciliated region. 
In the larvae represented in Figs. 92 F and G, 93 B, the variation 
in metasoma arrangement in advanced stages can be seen. The 
opening is usually situated to the right, at a short distance of 
the insertion of ventral tentacles. The metasoma is connected to 
the ventral wall of the body, as well as to the stomach through 
a mesentery. Its epithelium is formed of columnar cells with 
their nuclei in the lower third and of numerous vesicular cells. 
Longitudinal muscles only differentiated into bundles in quite old 
larvae (Fig. 116, l). The metasoma region that will be the am
puHa does not show any muscles in its lining. It was possible 
to discern a 4 microns nerve in the meta soma epithelium. I ob
served in the hood, ventro-Iaterally, a limited subepithelial space, 
where some blood corpuscles were present (Fig. 112, s). In the 
maximal developmental stage, a few caecal vessels are noticed at 
the leveI of the stomach. The atrial pit (Fig. 103, v ), in one 
single specimen, certainly represents a formation due to fixation. 
The contents of the alimentary canal is constituted of diatoms, 
Noctiluca, some sponge spicles and once a veliger. Several larvae 
in plankton are found mutilated; the loss of part of the tentacles 
is frequento The metamorphosis of the larvae also took place 
in the plankton; the evaginated metasoma, however, was irregular. 
The mature larva swims near the bottom of the recipient in rather 
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wide circles, resting sometimes in an inverted position with the 
hood downwards; it is, however, often found in a vertical position. 
The tentacles also move away from the body when swimming. 
The red of the ventral blood corpuscles masses are apparent in 
the transparent body; later on they conjoin. The larval tentacles 
fall off (Fig. 94) and only the definitive ones remain. One of the 
larvae in the anaesthetic (MgS04 ), began the metamorphosis. It 
is known from literature that metamorphosis can be induced by 
certain chemieal agents (Lynch 1952, p. 369) but in this case it 
might also be a mere coincidence (pp. 379, ff.). About 15 minutes 
after the beginning of the metamorphosis (27°C) hystolysis starts 
in the hood. A section of the metasoma revealed 48 longitudinal 
muscles bundles. The body of this metamorphosing larva aver
aged 697 microns; the ratio of t.I. t o a.p. was 1.7: 1. 

OCCURRENCE - Coastal waters from Ubatuba towards the 
south until near Lagoa Mangueira (State of Rio Grande do Sul) ; 
inlet waters of Cananéia and Paranaguá. The southermost oc
currence (34°41.5'S) was in waters proceeding f rom Mar deI Plata 
(DI'. I. Emílsson's personal communication). 

SEASONAL OCCURRENCE - The seasonal occurr ence at different 
localities was not very regular per haps depending on the quantity 
of phytoplankton. Occurr ed July to Febr uary. In Cananéia, 
where periodical collections were made, it occur red during the 
months of July, October (maximum), February. The occurrence 
in Ubatuba was irregular, but also more plentiful in October. It 
supports temperatures ranging f r om 18.5 to about 27.0°C and 
salinities from 24.70 to about 35.00 0/00 ; it is clearly euryhaline. 
The quantity of larvae per sample is shown in Table 3. The 
larvae of samples n.O 151-152 were in bad condition which may 
indicate that the environment was not f avourable. 

FURTHER DISTRIBUTION - N orth West Atlantic: Chesapeake 
Bay and Beaufort Harbour (N orth Carolina). 

DrSCUSSION - The four blood corpuscJes masses, t wo ventro
lateral and two dorso-lateral are the characteristic of A. wilsoni B. 
The present developed larvae agree in all their main features 
with A . wilsoni B and there was perfect conformity as regards 
the sequence of their development (Wilson 1881, p. 205; Brooks 
& Cowles 1905, p. 85). Actinotrocha branchiata (Selys-Long
champs 1903) very similar to the present larva differs from it 
in size, in the number of larval and definitive tentacles and in 
the presence of only two masses of blood corpuscles. Other larvae 
showing four blood corpuscJe masses are A. ikedai A, which in 
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TABLE 3 

Young larva Well Meta-
Catalogue number up to 16 developed morphosing Total 

tentacles larvae !arvae 

K 30 -
I 

15 - 15 

M 44 1 - - 1 

M 54 - 2 - 2 

n / no Alcatrazes 2 11 4 17 

n / no paranaguá 2 - - 2 

rI 48 -- 2 - 2 

IV 199 -- 1 - 1 

207 - 1 - 1 

252 3 1 - 4 

254 - 4 - 4 

255 1 1 - 2 

256 7 7 '- 14 

M 70-72 3 24 - 27 

n / no Bar - 2 - 2 

M 66 1 - - 1 

67 - 3 -- 3 

68 1 3 - 4 

69 2 10 - 12 

N 34 1 - - 1 
45-47 - 3 - 3 
46 - 1 - 1 
36 1 1 - I 2 
51 - 1 - 1 

53 1 -- - 1 
54 - 3 - 3 

60-61 - 9 - 9 

69 - 1 - 1 

71 - 1 - 1 

81 1 1 - 2 

82 15 4 - 19 

n / no Saco da Ribeira - 1 - 1 

M 74 - 1 - 1 

77 - 1 - 1 

79 - 1 - 1 

151-152 11 60 6 77 

177 1 1 1 3 

178 - 3 - 3 

208 1 - - 1 
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its maximum d(~velopment has only 16 tentacles, and A. menoni X, 
insufficiently described. Actinotrocha ikedai B is also, in its 
general appearance, very similar to A. wilsoni B. However, it 
seems to me that A. ikedai B is the same as A. branchiata. The 
larvae with eight to 10 tentacles (Figs. 92 A, B; 93 A) are very 
similar in their externaI appearance to A. hatscheki (Selys-Long
champs 1907, t. 11, f . 11-13) not sufficiently characterized. I 
consider the advanced larvae as surely identical with A. wüsoni B. 
The young stages I described from the plankton were related to 
the above mentioned larva, as it seemed to me that besides structural 
resemblances, they represent stages of the same sequence of develop
ment. To corroborate that they effectively belong to A. wilsoni B, 
it will be necessary to resort to rearing. Table 4 gives a sum
mary of the main characters that differentiate the various develop
mental stages of the present larva. 

5. SUlVIlVIARY 

1. The demarcation of the species of Phoronidea is diff icult 
because of the great variability of the characters which does not 
enable the fixing of good differential characters yet. The studies 
of populations and of life-histories must be undertaken to allow 
an accurate systematic definition. Within the family Phoronidae, 
generally considered as composed of only one genus, Phoronis, 
groups of very divergent species can be distinguished, which must 
perhaps be considered as genera 01' at least sub-genera. Owing 
to the intergradation of the specific characters within such groups, 
it is not possible to know if they really represent species of form 
minor specific units. 

L Phoronis hippocrepia Wright 1856 - from Santos, Cana
néia and Ubatuba; in the first locality boring in oyster shells; in 
the second non-boring specimens; and in the third only larvae. 

a) Phoronis (Figs. 1-33) - The single nephrostome is the 
main characteristic of the specimens; through the interruption of 
the lateral mesentery at the leveI of the nephrostome the com
munication between the anal and oral cavities is assured. Lon
gitudinal muscle bundles 26-30 in number, arranged according to 

the formula: ~~;1 : ~~~3 ; marginal fibres, three to five in number, 

on each side of the bundle. Giant fibres of variable diameter: 
4.7 to 7.0 microns, the I'ight one, and 3.6 to 10.0 microns, the left. 
Blood corpuscles from 6.4 to 9.6 microns in diameter. Lophophoral 
organs also present in specimens with embryos in the tentacular 
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crown. Simultaneous hermaphrodite, at least the specimens from 
Santos. Eggs: 100 microns. Spermatozoa: 20 microns, with ve
sicular head. Seven to eight pairs of chromosomes. 

b) Actinotrocha (Figs. 34-55 )- Primordium of metasoma 
appears in the larva with oue pair of tentacles; peri-anal ciliated 
ring is present in the larva with four tentacles in which the anlage 
of the blood-corpuscle mass appears. Ganglion already developed 
in this larva. Metasoma of the four-tentacle larva forms a small 
invagination. N ephridia are not terminal any more. Rare glands 
present in the hood epithelium. In the larva with six tentacles 
the metasoma forms an ample sac ; the primordium of the lopho
phore coelom appears. Stomach diverticulum absent OI' single 
without vacuolization. N ephridia open laterally to the metas orna 
aperture. In the advanced larva (eight to 10 tentacles) the meta
soma forms a series of folds; its longitudinal muscles are dif
ferentiated into bundles; a large ventral mass of blood corpuscles 
is present ventral to the eosophagus and a few corpuscles are 
grouped on earh side at the insertion leveI of the ventral tentacles. 
Lophophore coelom well developed; dorsal vessel present; a pair 
of ventral muscles in the trunk. On the dorsal surface of the 
hood there is an accumulation of gland cells perhaps the sensory 
organ. During metamorphosis the evaginated metasoma shows 
longitudinal muscle bundles. Larval t entacles degenerate. Af
ferent and efferent vessels are already formed. 

c) The following observations were ma de : Maximum survival 
in aquarium: one year; observed breeding season: July to March; 
duration of individual reproduction: over 15 days; development: 
egg to young larva - four days; pelagic perid - 9 to 12 days; 
metamorphosis - two hours. Irregular blood circulation, with 
about 10 pulsations per minute (temperature of 24°C). Food: 
mostly diatoms, also protozoans and detritus. N ot necessarily a 
boring species. The occurrence in aggregations seems accidental. 
Maximum of 12 embryos in the brood-pouch. The larvae become 
free with four tentacles and, exceptional1y, in aquarium, shortly 
before metamorphosis. Swim in more OI' less large circles, div
ing often; shortly before metamorphosis, swim on the bottom. 
Metamorphosis was obtained even without special substratum. 
Eurythermic species (temperatures from 16 to 27°C) endures 
salinities from 30.63 to 37.38 O/DO. 

11. Phoronis ol1alis Wright 1856 (Figs. 56-63) - from San
tos, in oyster shells. A single median lophophoral organ (Figs. 
62, l; 63, b) ; three to four marginal fibres along each si de of the 
longitudinal muscle bundle; two giant fibres 2.5 microns in dia-
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meter (Fig. 61, k), not always noticed. Lower lip of the nephridial 
funnel short or long, prolonged downwards. Larva observed in 
March. 

III. a) Actinotrocha bella (new technical name) - from 
plankton collected off the northeast coast of Brazil. 

Stage with 18 to 22 tentacles (Fig. 64 A, B) - Metasoma 
present as a small tube; no mass of blood corpuscles, sensory 
organ and dorsal vessel. Per i-anal ciliated ring developed. A 
pair of retractors in the hood; a single diverticulum, vacuolated; 
nephridia placed above the septum, open laterally the aperture 
of the metasoma. 

Stage with 24 tentacles (Fig. 71 A) - Definitive tentacles 
absent. Stomach diverticulum single. Metasoma represented by 
a small invagination. N ephridium constituted by a large nephridial 
canal. Subepithelial muscle layer present. No mass of blood cor
puscles and sensory organ. N arrow body cavity. 

Stage with 38 tentacles (Fig. 71, B, B, ) - Definitive tentacles 
absent. A large blood sinus (Fig. 76, d) ventral to the oesophagus, 
extending laterally to the mouth; on the lower side it stretches out 
along the ventral part of the diverticulum (Fig. 77, d) ending 
near the nephridial canal (Fig. 78, h). Sensory organ (Fig. 83, 
c) consists of accumulations of basophilous gland cells and a nerve 
deeply placed. Dorsal vessel (Fig. 79, p) and caecal vessels (l) 
developed. Metasoma with longitudinal muscles differentiated into 
bundles (Fig. 79, n). A pair of dorsal retractors in the hood 
(Figs. 76, 77, b). Two pairs of ventral muscles in the trunk. 
Peri-anal ciliated ring developed and undulated (Fig. 81). These 
advanced larvae were related to the young larvae mentioned above 
by similarities of structure. Only their rearing will enable to 
confirm they belong to the same ontogenetic sequence. 

b) Actinotrocha chata n. t. n. (Fig. 90) - This young larva 
with 16 tentacles was found in plankton from Ubatuba. The meta
soma presents itself in the stage of an epithelial thickening; no 
mass of blood corpuscles and sensory organ; ganglion present. It 
is probable that this larva represents a young A. wilson i B with 
delayed development. 

c ) Actinotrocha wilsoni B - Larva distributed in the coastal 
waters of Ubatuba (100 km to the NE of Santos) towards the 
South down to lato 28°00'S, off Lagoa Mangueira (State of Rio 
Grande do Sul) ; it is also found in the inlet waters of Cananéia 
and Paranaguá. Occurs July to February, maximum in October. 
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Euryhaline; it was found at t emperatures from 18.5 about 27.0°C. 
Larva with eight to 10 tentacles has no metasoma, no diverticulum, 
no mass of blood corpuscles; terminal nephridia open above the 
anus. In the 12-tentacle stage the metasoma appears as a thicken
ing. In the stage with 16 to 18 tentacles the ventral pair of 
blood corpuscle masses appears. N ephridia then open laterally 
to the metasoma orifice. Metasoma represented by a small tube. 
The dorsal pai r of blood corpuscle masses appears in the larva 
with 22 tentacles. Usually the definitive tentacles appear in the 
22-tentacle larva. They reach a maximum of 26, the maximum 
of defini tive ones being 20. In the mature larva the sensory organ 
is present (Fig. 118). Stomach diverticulum may be absent , pair
ed or single, rarely vacuolated. Longitudinal muscles of the meta
soma are differentiated into bundles. Anomalous metamorphosis 
may occur in the plankton. Larval tentacles are cast off shortly 
before metamorphosis. The pairs of blood corpuscle masses con
join during metamorphosis. The evaginated metasoma showed 48 
longitudinal muscle bundles and one nerve. The developed larva 
is transparent, with orange pigment; it swims on the bottom of 
the recipient in large circles, resting sometimes in an inverted 
position; the tentacles are a swimming aid, standing aloof from 
the body. The developed larvae are identical with Actinotrocha 
wilsoni B, whose young stages are not known. The present young 
stages described from plankton, were related to A. wilsoni B, but 
only their rearing will confirm that they represent the ontogenetic 
stages of this larva. 

6. RESUMO 

Phoronis hippocrepia Wright de Santos, Cananéia e Ubatuba, vive no 
e ulitoral, na zona de máxima vasante, perfurando conchas de ostra ou sôbre 
fauna que recobre rochas. Hermafrodita simultânea, com fecundação pre
coce interna. A eliminação dos corpúsculos polares dá-se na câmara incu
badora. Larvas aí se desenvolvem a t é o estádio de 4 tentáculos, excepcio
nalmente até o de 8 tentáculos. As seguintes observações foram feitas : 
máximo de sobrevivência em aquário: 1 Ô.no; época de reprodução: julho 
a março; duração da r eprodução individual: mais de 15 dias ; desenvolvi
mento: do ôvo à la rva jovem - 4 dias; em na t ação livre - 9 a 12 dias; 
m etamorfose - 2 horas . Máximo de 12 embriões na câmara incubadora. 
O a dulto, quase imóvel, é muito sensível quando recém-coletado; perde 
parte da sensibilidade quando no a quário. Circulação sanguínea irregular, 
com cêrca de 10 pulsações por minuto. Alimentação: principalmente diato
máceas ; também protozoários. Espécie não necessàriamente cavadora. A 
ocorrência em agregados parece acidenta l. Larva nada em círculos, subin
do à superfície e m erg ulha ndo em seguida; perto da m etamorfose, nada 
no fundo . Espécie euritérmica (temperaturas de 16 a 27°C), suporta sali
n ida des de 30,63 a 37,38 % 0 ' 

Phor onis ovalis Wright observada em Santos no m esmo biótopo de P. 
hippocrepia. As descrições a nteriores acrescenta-se: órgão lofoforal m ediano, 
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ímpar; fibras giga ntes pares, 2,5 micra de diâmetro, nem sempre conspícuas; 
fibras margina is e centrais presentes em cada feixe muscular longitudinal; 
nefróstoma pequeno com sua parede inferior curta ou prolongada para baixo. 
A larva aberrante foi reconhecida dentro de pequenos tubos chitinosos, em 
março. 

A ctinotrocha bella (nome técnico novo) do plancton coletado ao largo 
da cida de de São Luís (E. do Maranhão) mostra, no máximo estádio obtido, 
30 t entáculos larvais; os tentáculos definitivos são ausentes. Grande seio 
sanguíneo anterior. Divertículo impar do estômago. Metasoma desenvolvi
do, com musculatura longitudinal diferenciada em feixes. Órgão sensorial 
presente, constituído por uma acumulação de células glandulares basófilas. 
Retratores no capuz e no tronco. Vaso dorsal e lateral bem como capilares 
desenvolvidos. Camada muscular subepitelial presente. 

Actinotr-ocha chata (nome técnico novo) do plancton de Ubatuba, r efe
re-se a uma larva jovem com 16 tentáculo3, que pode representar uma 
A. wilsoni B com desenvolvimento r etardado. 

Actinotrocha wilsoni B (nome técnico) das águas costeiras de Uba tu ba 
para o sul a té 34°41,5'S (altura da Lagoa Mangueira), e águas interiores 
de Cananéia e P aranaguá. No máximo estádio de desenvolvimento possui 
26 t entáculos larvais e até 20 definitivos; êstes dispõem-se em duas séries, 
uma de cada lado, sob os larvais. A larva é caracterizada pelas quatro 
massas de glóbulos sanguíneos que se fundem na metamorfose. Próximo da 
m etamor fo se os tentáculos larvais degeneram, permanecendo apenas os de
finitivos. O capuz começa a desintegrar-se 15 minutos após o início da eva
ginação do m etasoma. Metamorfose no plancton ocorre, mas de modo anor
mal. Larva encontrada de julho a fevereiro com máximo em outubro. O 
adulto desconhecido, possui 48 feixes musculares longitudinais e uma única 
fibra gigante. 
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PLATE 1 

Phoronis hippocrepia Wright 

Fig. 1 - View of lophophore emerged from tube. 

Fig. 2 - Above view of lophophore; larvae inside brood-pouch. 
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PLATE 2 

PhOl'onis hippocrepia Wright 

Fig, 3 - Transverse section t hrough base of lophophore; left side, on leveI 
of median part of lophophoral organ; right side, on base of same, 

Fig, 4 - Section of body on leveI of nephridiopore, 

a - latera l thickening of lophophora l organ; b - attachment or 
embryos; c - protuberant portion of Jophophora l organ; ri - lopho-
phore coeJom; e - ascending nephridial canal; .r - pit. 
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PLATE 3 

PhOTonis hippocTepia Wright 

Fig. 5 Transverse section of body on leveI of nephrostome. 

Fig.6 Idem, on leveI of prolonged lower wall of nephrostome. 

d - lophophore coelom; e - ascending nephridial canal; 9 - nephro
stome; h - descending nephridial canal; i - epithelium; j - nervous 
system; k - basal membrane; 1 - longitudinal muscle bundle; m 
efferent blood vessel; n - left lateral mesentery; p - prolonged lower 
wall of nephrostome; q - afferent blood vessel; T - spermatozoon ; 
s - giant fibre ; ,. - caecal vessel; v - fat body; x - fusiform 
corpuscle. 
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PLATE 4 

PhOTonis hippocTepia Wright 

Fig. 7 - Transverse section of body a little below figo 6. 

Fig. 8 -- Idem, of muscular part of body. 

(For lettering see PIa te 3) 
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PLATE 5 

Phoronis hippocrepia Wright 

Fig. 9 - Transverse section of uppermost part of ampulla 011 leveI of 
blood sinus. 

Fig. 10 - Idem, on leveI of curvature of digestive tube. 

i - epithe lium ; m - efferent blood vessel; q - afferent blood vessel; 
,. - peri-intl'stinal sinus , u - caecal vessel; v - fat body x - "corps 
en massue"; y - primonlium of gonad: tu - blood lacunae; z - peri
gastri c sinus. 
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PLATE 6 

Phoronis hippocrepia Wright 

Series of frontal sections through oral region of body. 

Sagittal sections through oral region of body. 

a - lateral thickening of lophophoral organ; b - median part of 
same: e - nephridial canal; f - epistome; g - nephrostome; 
h - descending nephridial canal; k - basal membrane ; m - lopho
phoral ring vessel; n - lateral mesentery; p - opening on la teral 
wall of nephrostome; q - prolonged inferior edge of nephrostome ; 
S - ovum ; u - tentacular vessel. 
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Fig. 17 

Fig. 18 

Fig. 19 

Fig. 20 

Fig. 21 
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P LATE 7 

Phol'oni.s hippocl'epia Wright 

Longitudinal section of lateral part of lophophoral organ. 

Portion of longitudinal section of epidermis of for e body. 

T entacle in t ransverse section. 

S ection through epidermis showing giant fibre . 

Section of epithelium of ampulla. 

Different aspects of longitudinal muscle bundle in transverse 
section. A-D: through m etasoma ; E-F: near ampulla. 

a - epithelium or inner face of t entacle; b - nervous substance; 
c - muscle fibres ; d - tentacular caecal vessel; e - gland cell; t 
"corps en m assue"; g - interstice of basal membrane; h - eosino
philous gland cell ; i - nucleus; j.- secr etion vesicle; k - tentacle; 
l - tubula r g la nd eell; m - blood vessel; n - nucleus of supporting 
cell; p - marginal muscle fibre; q - peritoneum ; s - giant fibre ; 
v - nucleu!-; inside g ia nt fibre. 
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PLATE 8 

PhOTonis hippocTepia Wright 

Fig. 22 Portion of epithelial papila of stomach wall, in transverse section. 

Fig. 23 Portion of stomach wall, showing bIood corpuscles. 

Fig. 24 Epithelium of ciliated band, in transverse section. 

Fig.25 Intestine in transverse section. A-E: different digestive phases. 

Fig. 26 Two coelomic corpuscles. 

Fig. 27 Transverse section of gonads. 

Fig. 28 - A-E: oogonia; E-C: prophase; D: metaphase; E: primary ovo
cyte. 

Fig. 29 - A-M: growth stages of primary ovocytes, showing changes under
gone by germinaI vesicle; L-M: metaphase of first maturation 
division. 

Fig. 30 - SpindIe of first maturation division, with chromosomes arranged 
in metaphase. 

Fig. 31 - Section of a portion of mature ovary. 

a - eosinophilous gland ceJl; b - blood corpuscle; c - coma-shaped 
body; d - gland cell with fine granular eosinophilous content; e 
vesicular gland cell; f - testis; 9 - efferent blood vessel; h -
ovary; i - caecal vessel; j - oogonia; I - fat body; m - primary 
ovoc'yte; s - vitelline spherule; z - spermatozoon. 
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PLATE 9 

Pho/'onis hippocrepia Wright 

Fig. 32 Section through testis. 

Fig. 33 Sperrnatogenesis. A: prirnary sperrnatocytes; B: prophase; C: 
secondary sperrnatocyte; D: sperrnatids; E-J: sperrniogenesis; 
K: sperrnatozoa; L-M: sperrnatids developing together; N: fusi
forrn bodies; P: club-shaped forrnation. 

Fig. 34 - Successive stages of developrnent: A - gastrula; B - larva 
devoid of tentacles, right side view; C - larva with prirnordiurn 
of first pair of tentacles, left side view; D - two-tentacle larva, 
ventral view; E - four-tentacle larva, left side view; F -
six-tentacle larva, ventral view; G - larva with prirnordiurn 
of third pair of tentacles, left si de view; H - six-tentacle larva, 
contracted, dorsal view; I - six-tentacle larva, left si de view. 

(/ - primary spermatocyte; b - division of maturation ; c - secondary 
spermatocyte; d - spermatid; e - spermatozoa; i - caecal vessel ; 
j - fat body; 111 - metasoma. 
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PLATE 10 

Phoronis hippocrepia Wright 

Actinotrocha 

Fig. 34 - J - larva with eight tentacles, ventral view; K - advanced 
larva, ventral view. 

Fig. 35 

Fig.36 

Fig. 37 

Fig. 38 

Free-swimming larva, left side. Cananéia. 

Larvae from plankton: A - ventral view; B - right side 
view. Ubatuba. 

Section of embryo at beginning of gastrulation. 

Section through larva with two tentacles. 

a - hood; c - stomach; d - nephridial canal; e - tentacle; m -
metasoma; u -- blood corpuscle mass. 
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PLATE 11 

Pho/'onis hippOC1'epiu Wright 

Actinotrocha 

Fig. 39 - Transverse section of larva with outline of second pair of t en
tacles, on leveI of base of hood. 

Fig. 40 

Fig. 41 

Fig. 42 

Fig. 43 

Fig. 44 

Idem, of hood of two-tentacle larva. 

Idem, of body of same larva. 

Idem, of lower body of larva with outline of firs t pair of t cntacles. 

Idem, of the medium part of body. 

Frontal section of eight-tcntaclc larva. 

" - oesophagus; lJ - ventral thickening; 
nucleus of m esenchymal celJ ; e - stomach ; 

c - buccal vestibu le; <l 
.r - tentac le; !J - rec tum; 

h - an lage of nephridium; 'i - mesenchymal cells disposing in layer ; 
j - ventral blood corpuscle mass; k - metasoma; l - gang li on; 
n - lateral bloort corpuscle mass; 
/' - dorsal vesse l ; s -- "corps 
('oelom; x - ventral retractor ; 
canal. 

p - mucous g lancl ce ll ; q - musc les ; 
en massue "; v - adu lt lophophoral 
y - ventral vessel? ; z - nephriclial 
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PLATE 12 

Pho1'Unis hilJpocrepiu Wl'i ght 

Advanccd actinotrocha 

Fig. 45 Transverse section on levei of ventral blood corpuscle mass. 

Fig. 46 Somewhat oblique section of fore body. 

Fig. 47 Transverse section of body a little above the roots of tentacles. 

Fig. 48 Blood corpuscles. 

Fig. 49 Larval tentacle, transverse sectiol1. 

Fig. 50 ~ Superficial section of body epithelium on levei of peri-anal ciliated 
ring. 

Fig.51 

Fig. 52 

Transverse section of inferior part of body. 

Sagittal section of the inferior part of body. 

(For lettering sec Plate 11) 
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PLATE 13 

PhOTonis hippocTepia Wright 

Metamorphosing stages 

Fig. 53 - A - larva at beginning of metamorphosis; B - individual with 
metasoma fully everted and without hood; C - young newly 
metamorphosed with remainder of anal papilla. 

Fig. 54 - Transverse section of metasoma of individual at beginning of 
metamorphosis. 

Fig. 55 - Transverse section oí newly metamorphosed specimen. 

a - epithelium; b - longitudinal muscle bundle; c - basal mem
brane; d - stomach ; e - intestine;' f - efferent blood vessel; g 
afferent blood vessel; ?n - metasoma. 
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PLATE 14 

Phoronis ovaZis Wright 

Figs. 56-58 - Nearly consecutive transverse sections of oral region of body. 

Fig. 59 

Fig. 60 

Fig. 61 

Fig. 62 

Fig. 57 shows nephrostome and Fig. 58 prolonged inferior edge 
of same. 

Section through muscular r egion of body. 

Transverse section of ampulla. 

Transverse section of epithelium on leveI of prolonged edge 
of nephrostome. 

Portion of saggital section of oral r egion of body. 

a - nephridial canal; b - lophophore coelom; c - accessory vessel ; 
d - diaphragm; e -- efferent vessel; t - longitudinal muscle bundle; 
9 - nephrostome;" h - prolonged edge of nephrostome; i - a fferent 
vessel; j - peri-gastric sinus; k - giant fibre; Z - lophophoral or
gan; m - fat body ; p - ovary; s - vitelline nucl eus . 
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PLATE 15 

Phoronis ot:alis Wright 

Fig. 63 - Portion of transverse section through oral region of body, show
ing the lophophoral organ. 

Actinotrocha bella, n. t. n. 

Fig. 64 - A - 18-tentacle larva, left side view; B - 22-tentacle larva, 
contracted, right side view. 

Fig.65 

Fig. 66 

Fig. 67 

Fig. 68 

Fig. 69 

Fig. 70 

Transverse section of 64 B larva on leveI of base of hood. 

Transverse section of fore body of 64 A larva. 

Idem, on leveI of roots of ventral tentacles. 

Transverse section of lower part of body of 64 B larva . 

Oblique section of same larva on leveI of peri-anal ciliated ring. 

Section of metasoma of same larva. 

a - oesophagus epithelium; b - lophophoral organ; c - lophophol'e 
coelom; d - oesophagus ; e - diverticulum ; f - hood; g - ventral 
thickening; h - tentacle; i - stomach; j - nephrid!al canal; k
dorsal muscle; 1 - coelom; m - d igestive area; n - proIlferation 
of ceIls ; p - intestine; q - epithelium; r - subepithelial muscle 
la'yer; s - ventral mesentery; v - metasoma ; x - somatopleure; 
y - peri-anal ciliated ring. 
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PLATE 16 

Actinotrocha bella, n. t. n. 

Fig. 71 ~ A ~ 24-tentacle larva, ventral view; E-E, ~ 38-tentacle larva, 
ventral and left side view. 

Fig.72 

Fig. 73 

Fig.74 

Fig.75 

Transverse section of bOày of 71 A larva. 

Portion of nephridial canal of the same larva. 

Portion of epithelium of diverticulum in transverse section. 

Transverse section of hood of 71 E larva. 

a - metasoma; b - peri-anal ciliated ring; c - anterior mass of 
blood corpuscles; ri - ventral mass of blood corpuscles; e - caecal 
vessels; g - tentacle ; j - stomach; k - globular bodies ; 1 - epi
thelium; m - nephridia l canal; n - epithelium of diverticulum ; p 

g land cell; q - sensory organ; s - ventro-median epithe lium of buccal 
vestible; 1< - nervous substance; v - ventro-lateral epitheJium. 
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PLATE 17 

Actinotrocha bel/a, n. t. n . 

76 Transverse section of 71 B larva on leveI of base of hood. 

77 Idem, on leveI of diverticulum. 

78 Idem, a little above the metasoma opening. 

79 Idem, on leveI of median part of body. 

80 Idem, on leveI of lower part of body. 

81 Idem , of peri-anal ciliated ring. 

a - ganglion ; b - dorsa l retractor; c - eosophagus; d - blood 
sinus; e - diverticulum; f - inferior portion of ganglion; g - ventral 
muscle; h - inferior blood corpuscle mass ; i - prae-septal cavity ; 
j - stomach ; /c - nephridial canal;' l - caecal vessel; In - m eta
soma; n - longitudinal muscJe bundle; p - dorsa l vessel ; q - epl
thelium; s - subepithelíal muscle layer; v - star-sha ped cell; x
ventral mesentery ; y - peri-anal ciliated ring epithelium ; w - n ervous 
substance;· z ~ rectum. 



FORNERIS, L. - Phoronidea ... 

77 

200., , 

~ 

o 
o 
N 

79 

81 

PLATE 17 



Fig. 82 

Fig. 83 

Fig. 84 

Fig. 85 

Fig. 86 

Fig. 87 

Fig. 88 

Fig.89 

Fig.90 

Fig. 91 
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PLATE 18 

Actinotr ocha bella, n. t. n. 

Section of dorsal epithelium of hood. 

Transverse section of sensory organ. 

Section of epithelium of median region of body. 

S ection of epithelium of lower body. 

Section of epithelium of region of peri-anal ciliated ring. 

Transverse section of dorsal wall of stomach. 

Portion of section of root of one ventral tentacle. 

Caecal vessels in transverse section. 

Actinotrocha chata, n. t. n. 

Total left side view. 

Transverse section of the metasomic plate. 

a - basophilous gland ce ll; b - nerve; c - sensory organ; d -
sole-shaped gland cell; e - epithelium; f - subepithelial muscle layer; 
!J - star-shaped cell; h - ciliated band oi stomach; i - squamous 
epithelium; j - stomach epithelium ;· k - bJood corpuscle mass ; 1 -
caecal vessel; rn - tentacle; n - dorsal vessel; p - eosinophilous 
gland cell; q - eJevator of metasoma and nephridium; s - soma to
pleure; u - trunk coelom; v - mesentery ; x - metasoma. 
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PLATE 19 

Actinotrocha wilsoni B 

Fig. 92 - A - Eight-tentacle larva, ventral view; B - 10-tentacle larva, right 
si de view; C - 18-tentacle larva, left side view; D - 20-ten
tacle larva, contracted, ventral view; E - voluminous larva with 
20 tentacles, ventral view; F - 22-tentacle larva, ventral view; 
G - fully developed voluminous larva with 26 larval tentacles 
and 20 defini tive ones, ventral view. Ubatuba. 
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PLATE 20 

Actinotl'ocha wilsoni B 

Fig. 93 - A - 16-tentacle larva, ventral view; B - fully developed slender 
larva with 26 larval t entacles and about 20 definitive ones. AI
catrazes. 

Fig. 94 - Metamorphosing larva; only definitive tentacles present; right 
si de view. Cananéia. 
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PLATE 21 

Actinotrocha wi lsoni B 

Fig. 95 - Transverse section of hood of eight-tentacle larva on leveI of 
ganglion. 

Fig. 96 

Fig. 97 

Fig. 98 

Fig. 99 

Fig. 100 

Fig. 101 

Fig. 102 

Fig. 103 

Fig. 104 

Fig. 105 

Fig. 106 

Fig. 107 

F ig. 108 

Idem, on leveI of base of hood. 

Idem , on leveI of fore region of body. 

Idem, on leveI of roots of ventral t entacles. 

Same of 12-tentacle larva. 

Transverse section of lower part of body of same larva. 

Idem, on leveI of peri-anal eiliated ring. 

A - gregarines; B - transverse seetion of hood of 20-tentacle 
larva. 

Ventro-Iateral epithelium of body a little below bueeal opening. 

Nephridium of 12-tentacle larva in transverse section. 

Dorsal and lateral vessels in transverse section. 

Portion of transverse section of 20-tentacle larva on leveI of 
insertion of ventral t entacles. 

Transverse section of body of 16-tentaele larva. 

Portion of transverse section of body on leveI of insertion of 
ventral t enta eles of same larva. 

a - ganglion; b - epithelium ; c - oesophagus; d - tentacle; 
e - stomach; f - mesenchymal cells disposing in layer; 9 - me
senchymal cell oí body cavity; i - nephridial canal; k - metasoma; 
I - somatopleure ; m - mesentery; n - digestive area; p - buccal 
vesti bule; q - diverticulum; s - gregarine; v atrial pit; x 
mass of blood corpuscles; y - lateral vessel; w - peri-anal ciliated 
ring ; z - dorsal vessel. 



FORNERIS, L. Phoronidea ... 

s 

105 z 

107 

PLATE 21 

l 

:::::\. 
o 
o .,.-



Fig. 109 

Fig. 110 

Fig. 111 

Fig. 112 

Fig. 113 

Fig. 114 

Fig. 115 

Fig. 116 

Fig. 117 
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PLATE 22 

AcNnotrocha wilsoni B 

Transverse section of hood of advanced larva. 

Frontal section of superior part of body. 

Nephridium in transverse section. 

Median section of hood. 

Epithelium of stomach in transverse section. 

Larval t e ntacle in transverse section. 

Transverse section of fore part of body. 

Idem, of lower part of body. 

Portion of transverse section of body, showing ventral mass of 
blood corpuscles. 

Fig. 118 - Sensory organ in transverse section. 

a. - ganglion; b - buccal vestibule; c - diverticulum; d - sto
mach; e - somatopleure; ! - tentacle; 9 - oesophagus; h -
ventral mass of blood corpuscles; i - nephridial canal; .i - dorsal 
mass of blood corpuscles; k - metasoma; I - longitudinal muscle 
bundle; ?J! - dorsal retractor; 11 - nerve ; p - basophilous gland 
cell; q - septum; s - ventral vessel of hood; 1. - solenocytes; 
v - eosinophilous gland cell; x -- dorsa l vessel; w - ventral thicken
ed epithelium; z - digestive area. 
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