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DIE SANDALIDEN DES INDIAN MUSEUM IN CALCUTTA.

(Zuvr KENNTNIS DER SANDALIDAE V.)
Von Fritz vaN EMDEN, Halle a. S. (Deutschland).

(Plate XI.)

Das mir durch freundliche Vermittlung von Herrn Dr. W. Horn,
Dahlem, zugegangene Material, fiir dessen Leihen ich den Herren des
Indian Museum auch hier meinen besten Dank sage, umfasst 20 Exem-
plare in 11 Arten, die bis auf eine zu den Callirrhipini’ gehdren. Die
Mehrzahl der Tiere stammt von den Andamanen. An zweiter Stelle
steht Vorderindien.

REIPICERINI.

Rhipicera femorata Kby. 1 3 Adelaide, S. Australia, C. Wilson
5552/3.

CALLIRRHIPINI.

Callirrhipis.

1. crassissima-Gruppe. (Die Art crassissima beschreibe ich an
anderem Orte. Die Gruppe ist durch ausserordentlich robuste Gestalt
und kurze, fast Sandalus-ahnliche Fiithler des Ménnchens sowie eigenar-
tige Halsschildform ausgezeichnet und mit der dissimilis- und der
trepida-Gruppe niher verwandt.)

C. planior n. sp.—1 3 8. Andamans J. W. M. 5527/3. (PL. XI, fig. 1)—
C. crassissimae affinis, minus convexa, impressiones pronoti minus
profundae, elytra minus convexa. Crinulae flavae breves, in elytris
berbreves, ubique multo breviores quam in C. crassissima.—Long. 3
25, lat. 8,3 mm.

Kopf breit und dick, Y-formige Furche zwischen den Augen ziemlich
flach. Fiihlergruben sehr schmal getrennt. (Die -Fiihler fehlen der
Type.) Halsschild fast doppelt so breit wie lang, missig gewslbt, nach
vorn breit zugerundet, an der Basis kaum schméler als die Fliigeldecken.
Vorn in einem grossen, rautenférmigen Bezirk geebnet, dieser Bezirk
jedoch nicht vertieft. Augenlappen missig entwickelt. Die Discoidal-
eindriicke deutlich, gut abgegrenzt, wenig gross, die Praescutellarein-
driicke breit und flach, die Hinterecken- und Seitenrandeindriicke fast
erloschen, letztere kommen in der Halsschildkontur nicht zur Geltung.
Die Hauptpunktierung des Halsschildes wenig fein, jedoch sehr dicht.
Grundpunktierung fehlt. Fliigeldecken im letzten Drittel neben der

3 Yob begriindete die Tribus Callirrhipini in Ent. Blitu. 20, 1924, S, 87. Inzwischen
(Juni oder Juli 1925) crschien Pic’s Bearbeitung der Rhipiceridae oder Sandalidae in
Schenkling’s Coleopterorum Catalojus, Pars 81, Pic gibt dort, ohne meine Arbeit
gekannt zu haben, ebenfalls eine Tribus-Einteilung der Sandaliden, ohne sie allerdings
za begriinden. Ioh hoffé auf diese an anderem Ort naher einzugehen und betone hier
nur, dass ich meine Einteilung voll und ganz aufrecht erhalte und die Pio s als durchaus
verfehlt betrachte.
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Naht konkav, der dritte Zwischenraum nur mit einer furchenférmigen
Vertiefung, nicht in grésserer Ausdehnung konkav. Hauptpunktierung
wenig grob, etwas fejner und vie! flacher als bei crassissima, Wenig
dicht, die Zwischenrsume breiter als ein Punkt, etwa 4 Punkte pro
unregelmissige Querreihe im Fliigeldeckenzwischenraum. Grundpunk-
tierung sehr dicht und runzelig verfliessend, kriiftig. Beine, vor allem
Tarsen, sehr kriftig.

2. dissimilis-Gruppe.

C. fasciata Wat. 3-Torso Ceylon F. M. M. 5525/3.—Die leicht
kenntliche Art scheint auf Ceylon beschrinkt, dort aber nicht sehr
selten zu sein.

C. antennaria n. sp. 3§ @ Rangoon 7055/7 bezw. 7019/7; & 2
Camorta (Nicobaren).—Ausserdem liegen dieser Beschreibung zugrunde :
3 & 4 Q des Zoologischen Museums der Universitit Berlin, von Roep-
storff auf den Andamanen gesammelt ; 2 §,2Q Andamanen, Roepstorff
und 2 3 Nicobar, Roepstorff, des Universitetets Zoologisk Museum in
Kopenhagen.

C. dissimili proxime affinis, antennis maris fere 3/4 usque ad magis
quam 4,5 longitudinis corporis attingentibus et parte copulatoria maris.
usque ad apicem angustata, apice ipso angustissimo, lateraliter maxime
compresso distincta. Femina statura maiore et robustiore, punctis
pronoti grossioribus et multo densioribus, punctis elytrorum magis
subrugose coniunctis a femina illjus discernenda est.—3 Long. 16-19,5,
Lat. 4,8 - 6,2 mm. ; @ Long. 21,5 26, Lat. 7,3 9,4 mm.

Sehr nahe mit C. dissimilis verwandt, doch haben die Fiihler des 3
fast 3/4 bis reichlich 4/5 der Korperlinge, wihrend sie bei jener Art nur
reichlich 1 bis fast 2/3 derselben messen. Der Penis ist bis zur Spitze
stark verschmilert und die Spitzenpartie jederseits von oben gesehen
sehr schmal, wiahrend der Spitzenteil bei dissimilis breiter ist, fast
parallel verliuft und die beiden Hilften von oben gesehen nicht zusam-
mengedriickt erscheinen.—3 Kopf dicht und grob punktiert, mit tiefer,
bis zwischen die Augen reichender Scheitelfurche. Halsschild kurz und
breit, 3/5 so lang wie breit, nach vorn nur missig verengt (abgesehen
von den Nicobarentieren, s. unten), an den Seiten breit gerundet (s.
unten), Vorderrand stark gerundet. Zwischen dem Vorderrand und
den Discoidaleindriicken stark gewolbt, die gewolbte Partie tritt gegen
den Aussenrand leicht schulterartig hervor. Die Discoidaleindriicke tief
und gut begrenzt, nach hinten in die sehr deutlichen breiten Hinterek-
keneindriicke iibergehend. Die Praescutellareindriicke gross, paarig,
migsig tief, durch einen ziemlich breiten, vom gewdlbten Vorderteil
des Halsschildes nach hinten ziehenden Kamm breit getrennt. Der
Seitenrandeindruck als flache Furche erkennbar, manchmal auch im
Profil hervortretend. Oberseite dicht und missig fein punktiert, die
Zwischenrjume der Punkte vielfach—beim einen Exemplar mehr, beim
anderen weniger—unrege!missig zusammenfliessend, sodass fast wie
eine Fliissigkeit aussehende, lackglinzende, kleine Erhabenheiten
entstehen (wie auch bei dissimilis). Fliigeldecken robust, méissig
gewolbt, Rippen missig kriftig, die 3. am stirksten entwickelt und auf
der hinteren Deckenhilfte wulstig hervortretend. Hauptpunktierung
ziemlich kriftig und ziemlich dicht, etwa 4-5 Punkte in einer Querreihe
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pro Zwischenraum. Grundpunktierung sehr fein, eingestochen, ziemlich
dicht. Die 1. und 2. Rippe vereinigen sich ziemlich weit vor der
Spitze und bilden gemeinsam apicalwirts einen starken Wulst, die 3.
und 4., von denen die erstere hinter der Mitte mehr oder weniger erloschen
ist, vereinigen sich etwas spiter und treffen nahe der Spitze auf die
Fortsetzung der 1.+2. Rippe. Nach der Vereinigung findet sich nur
noch ein ganz kurzes Rippenrudiment, sodass keine Rippe die Naht
oder den Aussenrand erreicht. Die ganze Oberseite missig kurz, fein
anliegend goldgelb behaart. Auf den Fliigeldecken ist die Behaarung
verschieden gelagert und gibt ihnen so ein scheckiges Aussehen. Beine
schlank, die Schienen fein gekd-nelt. Farbung kastanienbraun bis
pechbraun, die Beine etwas heller, die Fiihler und Taster rostbraun
(bei dissimilis sind die Fiihler dunkelbraun gefirbt).

Q im Habitus nicht von denen anderer Arten der Gruppe abweichend,
verhiltnismiissig gross und robust. Halsschild missig dicht punktiert,
zwischen der unregelmissigen Hauptpunktierung mit mehr oder weniger
zahlreichen feinen Punkten der Grundpunktierung, grober und viel
dichter punktiert als bei dissimilis. Halsschild wie beim 3 geformt,
doch noch robuster, die Praescutellareindriicke sehr flach und gross.
Die Fliigeldecken robust, die Rippen wie beim J, die Zwischen:iume
mit ziemlich grober und ziemlich dichter, vielfach nadelrissig der Quere
nach—besonders tiber die R ppen hinweg—verbundener Hauptpunktie-
rung und erloschener, dusserst zerstreuter Grundpunktierung. (Bei
dissimilis ist die Hauptpunktierung der Fliigeldecken etwas weniger
grob und viel weniger stark runzlig verbunden, vor allem sind die Rippen
kaum nadelrissig.)

Die @ & von den Nicobaren besitzen einen zur Spitze deutlich
stirker verengten Halsschild mit geradlinigeren Seiten, was den Habitus
etwas verindert.

3. trepida-Gruppe :

C. longicornis Wat. 3 Andamans Purch’. A d ¢ R 85/4; do.
9987/3 ; & And. Is.; 3 ohne Fundort.

C. nitidior n. sp. 1 3 Tura, Garo hills, Assam, 1200-1500 ft.,
15. vi.- 15. vir. 17. 8. Kemp. Zool. Surv. Ind. (Pl XI, fig. 2)—Ferner
liegh mir vor 1 @ Assam, Mus. Westerm. aus Universitetets Zoologisk
Museum Kopenhagen.—C. javanicae affinis, robustior et nitidior,
prothorace multo latius rotundato, elytris laevioribus, punctis majoribus
elytrorum aliquanto majoribus, punctis minoribus elytrorum multo spar-
sioribus, aliquanto magis impressis distincta. Pronotum sat convexum,
impressiones discoidales et praescutellares profundae, corpus totum
brunneum. Femina punctis majoribus elytrorum parvis, minoribus defi-
cientibus, corpore toto multo robustiore, colore obscure castaneo.—
& Long. 13, Lat. 4,2 mm. ; Q Long. 22, Lat. 6,8 mm.

Zur trepida-Gruppe gehorig und nach der Skulptur mit C. javanica
etwas verwandt. 3 Kopf dicht und missig grob, tief punktiert. An-
tennen von normaler Linge, etwa 2/3 der Korperlinge ausmachend.
Halsschild nach vorn missig verschmilert, vorn breit, an den Seiten
nur wenig gerundet, vorn und in der Mittellinie stark gewdlbt ; Augen-
lappen gut entwickelt, breit gerundet. Discoidal- und Praescutellar-
eindriicke tief, letatere dreieckig, Hintereckeneindriicke flach und gross,
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von den Praescutellareindriicken vollkommen, von den Discoidalein-
driicken nur unvollkommen getrennt. Seitenrandeindriicke flach und
breit, doch deutlich; im Profil nur bei schriger Betrachtung, doch
dann stark zur Geltung kommend. Wenig grob und missig dicht
punktiert, die grossten Punkte befinden sich innerhalb und vor den
Discoidaleindriicken. Grundpunktierung fehlt, Oberseite glinzend glatt,
ziemlich lang anliegend seidig hellgoldgelb behaart, die Behaarung in
den Hintereckeneindriicken schrig nach aussen und hinten gerichtet.
Fliigeldecken nach hinten stark gerundet-zugespitzt, hinter den Schultern
kaum breiter als der Halsschild, die Naht stark erhaben, die Rippen
breit und flach, wenig stark abgesetzt, nur die erste deutlich erhaben,
die zweite kaum merklich, die dritte nicht erhaben. Rippe 1 und 2
etwa 1 /4 von der Spitze entfernt vereinigt und noch ein Stiick gemeinsam
verlaufend. Keine Rippe erreicht die Spitze oder Naht. Hauptpunk-
tierung wenig grob, ziemlich tief, die Punkte etwas langlich und etwas.
schrig nach aussen und hinten gerichtet, wenig dicht, 2-3 der Breite
nach in einem Zwischenraum. Die Grundpunktierung fein und sehr
gerstreut. Die Behharung fein, ziemlich lang, wenig dicht, hell
goldgelb gefirbg. Fliigeldecken stark glinzend. Beine schlank, Schie-
nen, fein gekornelt. Korper mittel- bis dunkelbraun gefirbt.

Q@ Dunkel-kastanienbraun gefirbt, Kopf und Halsschild pechbraun.
Prothorax dhnlich dem des &, doch noch robuster, die Hauptpunktierung
etwas feiner und weitldufiger, die Grundpunktierung etellenweise erlo-
schen angedeutet. Fliigeldecken ohne Grundpunktierung, die Haupt-
punktierung etwas feiner als beim 3, nicht linglich, etwas nadelrissig.

C. andamanensis n. sp. & And. Is. 5719,6; 3 do. 3819/10; 2 &
Andamans or Nicobars, Roepstorfi.—Diese durch stark gewélbte, robuste,
auffallend parallele Gestalt und sehr grosse und dichte Hauptpunkte
sowie sehr kriftige, wenig dichte Grundpunktierung der Fliigeldecken
ausgezeichnete Art beschreibe ich an anderem Ort.

Ennometes.

E. ceylanicus n. sp. 1Q Peradeniya, Ceylon, 5. vi. 10. (PL XI,
fig. 3.) Long. 21, Lat. 6 mm. Die Antennen und simtliche Klauen-
glieder meist auch andere Tarsenglieder fehlen, die Schenkel sind nahe
den Knien angebrochen.

Punctis majoribus elytrorum minoribus, 3-4 interstitium complen-
tibus E. horni m. affinis, a quo costis elytrorum multo magis elevatis,
impressionibus lateralibus pronoti planioribus, sulco mediano pronoti
multo profundiore, punctis pronoti majoribus et multo minus densis,
angulis anterioribus minus prosilientibus discrepat.

Korper und Fliigeldecken pechbraun, ebenso die Beine und das
erst> Antennenglied. Kopf dick, sehr grob und ziemlich dicht punktiert,
auf dem Scheitel mit einer kurzen, sehr tiefen Mittelfurche, die sich
nicht Y-formig nach den Augen oder der Antennenbasis fortsetzt. Hals-
schild reichlich 1} mal so breit wie lang, Seiten in geringem Masse fast
geradlinig nach vorn convergierend,, Vorderrand breit gerundet. Die’
Augenlappen sehr breit gerundet und wenig vorspringend, mit langerer,
nach vorn gerichteter Behaarung. Kapf und Halsschild im iibrigen
spirlich und sehr kurz behaatt. Halsschild missig gewolbt, in der
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grosserern vorderen Hilite mit einer breit und ziemlich tief eingedriickten
Mittelfurche. Der Praescutellareindruck breit und tief, hufeisenférmig,
durch einen flachen, fast unpunktierten Mittelwulst geteilt erscheinend.
Discoidaleindriicke nach allen Seiten gut abgegrenzt, missig tief, linglich
gestaltet. Hinter.and bis in die Hinterecken gewdlbt, keine deutlichen
Hintereckeneindriicke wusgebildet, nur hinter den Discoidaleindriicken
nach der Bas's zu le cht abgeflacht. Seitenrandeindriicke fast erloschen,
jedoch sowohl auf der Oberseite wie im Profil deutlich al; schmale,
flache Furche sichtbar. Hauptpunktierung des Halsschildes grob, méssig
dicht, die Punkte von stark wechselnder Grosse, nach den Hinterecken
zu etwas runzlig zusammenfliessend. Fliigeldecken von der Basis bis
in das zweite Drittel leicht verbreitert, die Rippen gut ausgeprigt,
Rippe 1 reichlich } vor der Spitze frei endigend, dort durch undeutliche
Querrippen mit der 2. Rippe und der Naht verbunden. Die 2. und 3.
Rippe vereinigen sich kurz vor der Spitze, und vo1 ihrer Vereinigung
aus laufen 2 oder 3 undeutliche ~weige nach der Naht, die sie nahe
der Spitze erreichen. Die 4. Rippe miindet wenig hinter dem Ende
der 1. in die 3. Hauptpunktierung der Fliigeldecken klein im Vergleich
zu anderen Arten der Gattung, es kommen pro Zwischenraum 3-4 Punkte
auf eine Querreihe ; die Rippen leicht runslig; die Grundpunktferung
ziemlich fein, sehr zerstreut, wenig tief. Fliigeldecken ebenso wie der
Halsschild stark glinzend, mi: spirlichen sehr kurzed Hirchen, Bein¢
schlank, die Schienen aussen stark gezihnelt, erstes TarSenglidd fast
so lang wie das zweite und dritte zusammengenommen.

Die Ar; weicht von der Mehrzahl der bekannten Arten durch -die
nicht queren, kleineren Hauptpunkte der Fliigeldecken stark ab, wih-
rend sie darin mit E. horni m. iibereinstimmt. ‘- Von' dieser Art untere
scheidet sie sich durch stirker entwickelte Fliigeldeckenrippen, fehlende
Hintereckeneindriicke und schwichere Seitenrandeindriicke sowie viel
tiefere Mittelfurche des Halsschildes, fehlende Gabelarme der Scheitel-
furche, viel weniger dichte und grébere Halsschildpunktierung, schwécher
entwickelte Augenlappen, kleinere Hauptpunktierung der Fliigeldecken
und vieles andere.

Simianellus,

S. cyaneicollis Wat. 1 Q@ Sikkim 8847/3.—In Ent. Blitt. 20,
1924, p. 96 bezeichnete ich das Tier als wahrscheinliches Weibé en.
Inzwischen fand ich das Abdomen des Tieres in einem beigegebenen
Packchen und konnte das Geschlecht dadurch sicherstellen.

S. globicollis Emd. Typus. J Sitong, near Mangpur, als. 3800-
4000 ft. Darjiling dist., E. Himalayas, 2.-5. vii. 18. 8. Kemp leg.
(PL X1, fig. 4.) (Typus zu : Ent. Blitt. 20, 1924, Heft 2, p. 94)..

S. obscurus Emd. Typus. @ Damukdia Ghat, E. Bengal, 22.
Wi. 07. Mus. Collr. 1020/16. (Pl XI, fig.5.) (Typus zu: Ent. Blitt. £0,
1924, pp. 91-92.) ' SR



EXPLANATION OF PLATE XI.

Fia. 1. Collirrhipis planior, X 4.
Fia. 2. Collirrhipis nitedior, X 4.
Fig. 3. Ennometes ceylamicus, X 4.
Fig. 4. Simianellus globicollis, x 4.
Fra. 6. Simianellus obscurus, X 4.
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NOTES ON LJZARDS IN THE INDIAN MUSEUM.

II. ON TEE UNNAMED COLLECTION OF LIZARDS OF THE FAMILY

AGAMIDAE:
By SunpEr LaAL Hora, D.Sc., Officiating Superintendent, Zoblagicat
Survey of India,

In working out a very big collection of the unnamed Agamid lizards
in the Indian Museum I have found very little to add to the systematic
and geographical knowledge to be found in Boulenger’s works. During
the last few years the Museum has received several specimens of such
interesting forms as Ptyctolaemus gularis Peters, Cophotis ceylanica Peters,
Acanthosaura major (Jerdon) and Salea anamallyana (Bedd.). Besides
notes on these rare forms I have discussed the specific limits of the two
species of Gonyocephalus from the Andamans and the Nicobars and have
added a note on the probable occurrence of Japalura variegata Gray in
the plains of Bengal and especially ifi Calcutta. Two specimens of
Agama presented to us by the Afghan Boundary Commission have
been identified as 4. himalayane (Steind.). Unfortunately there is no
record with us of the exact localities from which these specimens were
obtained.

Genus Ptyctolaemus Peters.
(Plate XTI1, figs. 1—3).

This interesting genus is up to the present represented by a single
species, which is said to be quite rare in museum collections. It is
characterized by the presence of “‘ three parallel longitudinal folds on
each side of the middle of the throat, curved and converging backwards,
forming a U-shaped figure.”’!

Ptyctolaemus gularis Pefers.

1864. Ptyctolaemus gularis, Peters, Monalash. K. Preuss. Akad. Wiss. Berlin. p. 386,

1885. Ptyctolaemus gularis, Boulenger, Cat. Repiilia Brit. Mus, I, p. 273.

1890. Ptyctolaemus gularis, Boulenger, Faun. Brit. Ind. Batrochia and Repiilia,
p. 117.

1905. Ptyctolaemus gularis, Annandale, Journ. ds. Soc. Bengal (n. s.) 1, p. 85.

1908. Ptyctolaemus gularis, Wall, Journ. Bombay Nat, Hist. Soc. XVIII, p. 505.

1912. Ptyctolaemus gularis, Annandale, Rec. Ind. Mus. VIII, p. 41.

There are sixteen specimens of this species in our collection. All
of these were collected in Assam with the exception of one, which accord-
ing to its label, is stated to have been collected by Mr. R. P. Mullins at
Nainimukh, Chittagong Hill Tracts. The specimens agree fairly closely
with the description of the species as given by Boulenger. In certain
examples from the Garo Hills the colouration is well marked. There
are b broad transverse bands on the body and a number of similar bands
on the head and the tail. The upper surface of the limbs is also cons-

pm——

! Boulenger, Brif. Mus. Cat. Lizards I, p. 273 (1885).
[ 215 ]
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picuously marked. In certain, specimens the dorso-lateral surfaces of
the anterior half of the body are marked with a net-work of dark brown,
enclosing oval or elliptical white spaots.

The nuchal crest is separated from the dorsal and in badly preserved
specimens they are hardly distinguishable. The examples show consi-
derable variation as regards the proportionate length of the various
parts :—

Measurements in millimetres.

_— Shillong. Tura. Garo Hillz. Cachar. Chitlti[aiigl’mg

Tracts.
Total length 2200 252-0 231-0 246°0 234-0 227-0
Length of head 21-5 23-3 20-5 22°0 20-0 18-8
Width of head 125 12-3 11-5 12-3 10-8 10-0
Length of snout 8-6 90 9-0 9-2 81 75
Diameter of orbit 55 6-0 58 55 6-5 5-4
Length of body 50°5 577 51-0 580 3000 | 457
Length of hind limb 50-0 58-0 480 52:0 56-0 58:0
Length of fore limb 80-0 30-0 20.0 33-0 32-7 305
Length of tail 148-0 1710 1596 1660 164-0 162-5

The following are the localities whence specimens are represented
in our collection :—

16002 Nemotha, Cachar District, Assam . J. Wood-Mason.

3980 Shillong, Assam . . DaAﬂia, Expedition (Maj. Godwin-
usten).
19836—8 Shillong, Assam . . . T, Bainbridge Fletcher.
19835 Shillong, Assam N. Annandale.
5203 Goalp&r&, Assam - . . . H.L Houghton.
18321—25 Above Tura, Garo Hills, Assam . S. W. Kemp.
”» ” 2 »” . ”
16995 Kobo, Abor Hills, Assam . . Oapt. M. de. Courcy,
16895 S. W. Kemp.

19839 Nainimukh, Chittagong Hill Tracts . R. P. Mullins.

Genus Cophotis Peters.

This genus has hitherto been represented in our collection by a single
gpecimen of Cophotis ceylanica obtained in exchange from the Basle
Museum. Last year during my short visit to Ceylon I collected
a young specimen of the same species from the road side at Nusvara
Eliya ; it is now preserved in the collection of the Zoological Sumzey
of India.

In the young specimen the upper surface of the head and ‘the sides
just below the eyes are dark. From this dark ar.e bands of a somewhat
lighter colour proceed to the under surface of the head. Five or six
such bands running obliquely backwards can be made out. The upper
surface and the sides in the anterior half of the body are of a dark brown
colour. The dorsal surface in front of the hind limbs is brownish and
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the tail is marked with several brown bands in its entire length. The
spines forming the dorsal crest are black and the keels of some of the

scales on the upper surface of the head, body and the limbs are bluish
in colour,

Genus Gonyocephalus Kaup.

(Plate X11, fig. 4).

There are altogether four specimens of this genus referable to
Gonyocephalus subcristatus (Blyth) in our unnamed collection ; three are
from the Nicobars, collected by Major Sewell and one from the Andamans.
In the two specimens from Nankauri Island both the nuchal and the
dorsal crests are much better developed than in the other two. I was
greatly confused at first, but on referring to the literature?® and our large
collection of G. subcristatus I am convinced that all the four specimens
belong to one species. The two species of Gonyocephalus known from
the Andamans and the Nicobar Islands i.e., G. subcristatus and G. humes,
are separated from each other on the character of the crests and on the
nature of the scales covering the limbs. In all other respects these

TExT-¥16.—Outline sketcheés showing the variation in the extent of the nuchal and
the dorsal crests in Goryosephalus subcristatus (Blyth). '

@& = specimenen number 14635 ; b = 14644 ; ¢ = 14633 and & = 5041 (pfob&bly the
type-specimen of G. hume:). Slightly reduced.

species are almost identical. Stoliczka? established G. humes on two
exceptionally large individuals and the two specimens from Tillingchang

1 Boulenger, Brit. Mus. Cat. Lizards 1, pp. 292, 293 (1885) ; Faun. Brit, Ind. Reptilia.
and Bairachia, pp. 122, 123 (1890). )
" Stoliczka, Journ, 4s, Soc, Bengal XLII, p. 167 (1873),
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(Tillanchong) in our collection from Dr. Stoliczka’s bequest are probably
the type-specimens. Annandale! after a thorough examination of this
entire material came to the conclusion that the two large specimens from
Tillingchang represent aged individuals of the common species, G.
subcristatus. 1 entirely agree with Annandale. The nuchal and the
dorsal crests are very variable in G. subcristatus. In the earlier stages
they appear as low denticulated ridges consisting of folds of skin with
sharp, triangular spines arranged on them vertically. Later on the
spines become prominent and in certain individuals the folds of the skin
become considerably raised from the surface and become more prominent
than the spines. In the two large examples from Tillingchang both the
sp-nes and the folds are well developed. -

As regards the general arrangement of the scales on the limbs there
is but little difference between the two so-called species. In one speci-
men of ““ G. humei ”’ there are a couple of larger scales on the upper side
of the left thigh ; but this can only be regarded as an individual varia-
tion and cannot be taken as a specific character. Aged individuals, as
it is but natural to expect, are very rare.

As no figure of either G. subcristatus or G. humes has been published
1 take this opportunity of giving a figure of one of the aged individuals
of the species and also give outline sketches to represent the variations
mentioned above in the nuchal and the dorsal crests.

Genus Acanthosaura Gray.
Acanthosaura major (Jerdon).

Dr. B. Chopra has recently collected a fine specimen of this rare and
interesting species at Kufri (alt. 8,400 ft.) in the Simla Hills. Tt agrees
very closely with the typical specimens in our collection.

Acanthosaura tricarinata (Blyth).

This lizard appears to be very common in the Darjeeling district
of the Himalayas from which there are several specimens in our collec-
tion. A specimen from Allahabad in the United Provinces has been
referred to this species ; it has been in our collection since 1880, and is not
in a good state of preservation, but, so far as I have been able to make
out, it appears to belong to 4. tricarinata. The occurrence of this
lizard in the plains of the United Provinces needs further confirmation,
as it is possible that the specimen No. 5135 in our collection, that is
stated to have come from Allahabad, may have been wrongly labelled.

There is a considerable degree of variation in the arrangement of
the prominent scales. Usually an oblique, transverse row of conical,
ribbed tubercles is present on each side along the posterior border of the
head, but in certain examples it is only represented by one or two tuber-
cles. Frequently there are angular series of large and keeled scales
across the back, but in some specimens these are inconspicuous.

—

1 Annandale, Journ, As. Soc. Bengal LXXII Suppl,, p. 18 (1904) ; ibid., (N. 8.) 1,
p- 92 (1906).
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In certain specimens the dorsal surface is uniformly coloured chocolate
brown.

Genus Japalura Gray.

Four species of this genus are known from India and of these two
have been described by Annandale! within the last decade or so. In
the unnamed collection the two common Indian species i.e., Japalura
variegate Gray and J. planidorsata Jerdon are represented J.)y several
examples. The former is vi.ry abundant in the Dar]eehng and the
Sikkim regions of the Himalayas, while the latter is found in Assam
and has hitherto been recorded from .the Khasi and the Garo Hills.
Among others in our collection there are five examples of J. variegata
collected by Dr. Anderson from the Botanical Gardens, Caleutta. It
seems quite probable that the species is to be found in the plains of
Bengal and that its range extends as far as Calcutta. J. planidorsata
is also found in Cachar, which is adjacent to the Khasi Hills and several
specimens are represented in our collection from this locality.

Genus Salea Gray.

In the unnamed collection there are eight nicely preserved specimens
of Salea anamalloyane (Beddome) obtained by Dr. S. W. Kemp and
Mr. T. B. Fletcher at Kodaikanal in the Palni Hills, South Ind‘a. The
species is said to be very rare in Museum collections.

The range of the genus was hitherto thought to be confined to
Southern India (with a possible extension into Ceylon) but Annandale?
recorded these lizards from Moulmein in Lower Burma and described
a new species from Assam. Salea anamallayana is, however, only known
from Southern India,

Genus Calotes Cuvier.

There is a large number of specimens of the genus Calotes in our
collection but most of them are referable to the common Indian species
C. versicolcr (Daud.). There is one specimen from Shillong which
I have identified as C. jerdonii Giinther and six others from above Tura
in the Garo Hills, Assam belong to C. maria. Gray. All the specimens
are typical examples of their respective species.

Genus Agama Daudin,

In my first collection from the Salt Range, Punjab, which has already
been reported® upon, Agama melanura (Blyth) was the only species
represented. In August, 1923, further collections were made in the
western portion of the range and several examples of 4. isolepis Boulenger
along with 4. melanura (Blyth) were collected at Musakhel on bare
rocks and shrubs.

1 Annandale, Journ. 4s. Soc. Bengal (N. 8.) I, p. 85 (1905) ; Rec. Ind. Mus. VIII,
p. 57, pl. V, fig. 4 (1912).

2Ann(t)mda.le, Rec. Ind. Mus. 11, pp. 37, 38 (1908); also Journ. As. Soc. Bengal 1,
p. 86 (1905)

3 Hora and Chopra, Rec, Ind. Mus. XXV, pp. 370, 374 (1923).
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Ticks of the genus Haemophysalis have been found in the armpits
and in the throat-pits, one on each side of the throat, of 4. melanura
and A. tuberculata. Mr. Mohd. Sharif, who is working on our collection
of ticks, has very kindly named these for me. It may also be recorded
that the throat-pits of these three examples of 4. melanura from Musakhel
were full of mites.

There are two specimens in our old collection which do not bear
any definite locality-labels but are shown in our registers as presented
by the Afghan Boundary Commission. They appear to me to belong
to Agama himalayana (Steind.), but as full details regarding the localities
from where the specimens were obtained are not available I refrain from
discussing the distribution of the species.



EXPLANATION OF PLATE XII.

Peyctolaemus gularis Peters.

1. The animal as seen from above (nat. size).

2. Lateral view of head and anterior part of body of same X2, The
skin in the region of the throat is stretched to show the three parallel
longitudinal folds on each side of the middle of the throat.

3. Under side of foot of same X2.

Gonyocephalus sutcristatus (Blyth).

4. Lateral view of specimen No. 5041 (probably type-specimen of
G. humei), (nat. size).
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ON A NEW SPECIES OF THE GENUS CTENOTRYPAUCHEN
STEINDACHNER.

S8uNDER LaL Hora, D.Sc., Officiating Superintendent, Zoological
Survey of India.

Dr. K. H. Barnard, Assistant Director of the South African Museum,
has very kindly sent to me five examples of an interesting species of the
genus. Qlenotrypauchen for determination. In a recent revision of the
eel-like Gobioid fishes I' established the validity of Steindachner’s
genus and pointed out the importance among these fishes of the form
of the ventrals for taxonomic purposes. I had then no specimen of
this genus before me and in distinguishing it from Zrypauchen, Amblyo-
trypauchen and Trypauchenichihys had merely relied on the published
descriptions and figures of the species referable to Ctenotrypauchen.
The present material, on which I am basing the description of a new
species, has helped me greatly in understanding precisely the generic
limits of the various genera of the sub-family Trypaucheninae.

In external appearance the fishes of this sub-family are very much
alike and it is only on the form of the ventrals and the presence or absence
of canines that they can be separated into distinct genera. In Cteno-
trypauchen canines are absent and the ventrals form a disc, which is
distinctly notched posteriorly. In this respect Cienotrypauchen is
iﬁztermediate between Trypauchen Cuv. and Val. and Trypauchenichthys

leeker.

The species described below is the fourth species of the genus Cteno-
trypauchen known so far, the other three being C. microcephalus® from
“Sungi-dmi, in aquis fluviomaxinis ” (Borneo), C. wakae® from ““Inland
sea of Japan in sandy bays” and C. chinensis® from China. The new
species is from the Natal coasts. This apparently discontinuous dis-
tribution of the genus is probably due to the fact that these fishes live
in mud and are liable t0 be overlooked by collectors. It is probably
on this account that forms from the intermediate regions have not
hitherto been brought to light. It is rather unfortunate that we do
not know the exact locality whence C. chinensis was obtained in China.

Ctenotrypauchen barnardi, sp. nov.

It is a long and slender species, greatly compressed from side to
side and gradually tapering posteriorly. The head is broadly pointed
posteriorly and its length is contained 5°5 to 5-8 times in the total length
without the caudal ; itisas deep as the body and its height at the occiput
is contained 1-4 times and the greatest width 1-6 times in its length.
The height of the body is contained 7-2 to 9-2 times in the total length

1 Hora, Rec. Ind. Mus, XXVI, pp. 156-164 (1924).

2 Bleeker, Acta. Soc. Sci. Indo-Neerl. VIII, p. 62 (1860).

3 Jordan and Snyder, Proc. U. 8. Nat. Mus. XX1V, p. 127 (1902).
4 Steindachner, Sitzb. Acad. Wiss, Wien. LV, p. 630 (1867).
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without the caudal. The eyes are minute and thickly covered with
skin, they are placed at the dorso-lateral borders of the orbital depressionis.
The interorbital space is flattened and is somewhat convex. The snout
is slightly shorter than one-third the length of the head. The deep
pits at the upper edge of opercle are well marked. The gill-openings are
restricted to the sides and do not extend forwards ; the isthmus is fairly

Text-Fig. 1.—Lateral view of Ctenotrypauchen barnardi, sp. nov., x 13/16.

broad. The mouth extends to just below the anterior end of the orbital
depression, the lower jaw is slightly longer than the upper. The mouth
1s obliquely directed upwards. The teeth are simple and are arranged
in two rows, those of the outer row being somewhat enlarged ; there
are no canines. There is a sharp, bony crest along the mid-dorsal longi-
tudinal axis of the head posterior to the eyes. There is a similar nuchal
crest, the ridge being posteriorly continued into the dorsal fin. There
are four branchiostegal rays and the gill-rankers are represented by
mere elevations on the arches. The anterior nostrils are provided with
distinct tubes and the barbels are totally absent.

There are no scales on the head, but the skin is provided with many
mucous pores. The body is covered with rounded, cycloid scales, but
the area from nape to front of dorsal and the whole of the belly are naked.
On the sides the scales extend right up to the bases of the pectorals
and the g:ll-openings. There are about 65 to 67 series of scales along
the lateral line and about 12 series of scales between the bases of the-
dorsal and the anal fins.

TEXT-FIc. 2.—Sca'e, jaws and ventral fins of Ctenotrypauchen barnardi, sp. nov.

a. Ventral fins x 4} ; b. Jaws x 3%; c. Dor:al soale from about the middle of the
fish x 15%.

A scale from the middle of the body is more or less ovoid in general
outline ; it is somewhat broader than long. The nucleus Is situated
in the centre of the scale and there are a number of fine circular striae.
all round it. The anterior half of the scale is provided with about 16
radii to the periphery from the nucleus. The whole of the scale is covered
with a membrane of the skin.
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The dorsals are connected together, there being six spines and from
49 to 51 rays— The anal is similar to the dorsal and contains one spine
and 44 to 47 rays. The dorsals commence about three scales behind
the base of the pectoral. Both the dorsal and the anal fins are connected
with the caudal, which is greatly elongated and is acutely pointed behind.
The caudal fin is longer than the head and contains 17 rays. The upper
half of the pectoral is much more developed than the lower, the fin is,
as a whole, direoted upwards and backwards and is greatly elongated ;
its length is contained 2 to 2-6 times in the length of the head. The
ventrals are small and are united to form a disc which is deeply notched
posteriorly ; their length is contained from 3 to 4 times in the length
of the head.

The colour in spirit is uniformly brownish, speckled with dull white
in the region of the body and the tail.

Logality,—Coasts of Natal, South Africa. Dr. Barnard informs me
that he has collected one specimen of this species in the Delagoa Bay.

Type-specimen.—The type-specimen and one co-type are preserved in
the South African Museum, Cape Town; while the remaining three co-
types are in the collection of the Zoological Survey of India.

Relationships.—Ctenotrypauchen” barnards is distinguished from C.
macrocephalus in possessing a larger head and in having five rays besides
& spine in the pelvic fin ; from C. wakae in proportions and lepidosis
and from C. chinensis in the form of the pectorals and in possessing
more scales along the lateral line. The new species is closely allied
to C. microcephalus in lepidosis and in the number of fin rays, while
the Japanese and the Chinese species show close resemblance in
possessing fewer rows of scales along the lateral lin-.

Measurements 1n millimetres.

Total length excluding caudal 101.0 98-0 87.0 85'5
Length of head 172 17:0 15-7 112
Height of head 12:3 11-8 106 8:0
Width of head 10:6 10-5 9-7 68
Height aof body 130 10:5 12:0 80
Length of pectoral 80 70 75 42
Length of ventral 50 66 40 3-8






REPORT ON SOME DEEP-SEA SPONGES FROM THE INDIAN
MUSEUM COLLECTED BY THE R. I. M. S. * INVESTI-
‘GATOR.” PART . HEXACTINELLIDA AND
TETRAXONIDA (PARS.).*

By the late ProFEssor A. Denpy, F.R.S., completed and edited by M.
BurtoN, M.Sc., Assistant in the Department of
Zoology, British Museum.

1t is with & very deep regret and a feeling of insufficiency that I find
myself called upon to complete the task so ably begun by my friend the
late Professor Dendy. I cannot let this occasion pass without express-
ing my deep sense of obligation to him for his ever-ready advice and
helpand my admiration for his powers as a tutor and his extremely
thorough and careful methods of research. His death occurred at a
time when he was about to commence what would probably have proved
the most comprehensive and complete survey of the Porifera ever at-
tempted and, as a consequence, his loss as a colleague is incalculable.

Prior to his death, Professor Dendy had completed the descriptions
of all but the last four species contained in this report. In deference
to his iar greater knowledge and experience, I propose leaving the work
he had completed exactly as it stood at the time that I commenced the
task of completion, except in so far as the minor corrections are con-
cerned.

Although the Sponge-fauna of the Indian Ocean has been very com-
pletely investigated, chiefly by Dendy himself, and although the number
‘of species actually recorded for the first time in this report may be com-
paratively few, it is of considerable interest to be able. to s.udy the
Sponge-fauna of the deeper parts of these waters. The bulk of the
collection belongs to the Hexactinellida and the Astrotetraxonida. The
remaining groups are but poorly represented while the Calcarea and the
My=xospongida are conspicuously absent.

Euplectella sp.

There is in the collection a very beautiful, completely macerated
skeleton of a large Kuplectcll., closely resembling the figures given by
[jima [1901, Pl II, Fig. 9] of his Euplectella imperialis and by Schuize
[1904, Pl. IV, Fig. 4] of his Euplectella (¢ simplex). The height of the
specimen is 330 mm. ; the diameter at the bottom is 35 mm. and at
the top 60-70 mm. The almost cylindrical tube tapers very gradually
from top to bottom. Root tufts and terminal sieve plate are both
missing. The dictyonal framework is wonderfully regular, consisting of
sub-equidistant vertical strands of soldered spicules, about 4 mm. apart

*The holotypes and most of the remaining specimens will be deposited in the Indian
Museum, Caloutta. By kind permission of the Director of the Zoological Survey of
India, some paratypes and a few of the sp:cimens of the better known species will he
deposited in the British Museum (Natural History).

[ 226 ]
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(in the middle), united by transverse hoops formed by similar strands
of soldered spicules arranged at very regular intervals of about 10 mm.
The transverse hoops lie inside the longitudinal bands, with which they
form a series of rectangles. There is also a double system of more slender
diagonal bands lying between the longitudinal and transverse bands and
intersecting each other so as to form a series of diamonds. An irregular
network of still more slender bands occupies the interspaces between
the foregoing, ¢xcept in the middle of each rectangle, which is left vacant
and was doubtless the position of an aperture in the sponge wall during
life.

In the complete absence of soft tissues and loose spicules it is impos-
sible either to make an identification or to propose a new specific name.

Reguster No., Locality, etc., XXIII, Station 303, Arabian Sea, Lat.
20° 5" 15" N., Long. 65° 12’ 13" E., 966 fathoms.

Farrea occa Carter.
[ For literature and synonymy vide Schulze (1904).]

There are a number of fragmentary specimens, of Furrea in the collec-
tion, some of which (R. N. XI, XXXIX, LVII 1) it is impossible to
identify specifically with certainty on account of their macerated condi-
tion, but they probably all belong to the same species.

R. N. IX 1, which, though very fragmentary, has the soft parts
partially preserved, is undoubtedly Farrea occa. R. N. LIV is still
more fragmentary, but again a certain amount of the soft parts is pre-
sent, so that the spiculation can be studied. I find that, in this speci-
men, the oxyhexasters, which are very numerous, have the terminal
rays longer than the main rays, but in spite of the fact that Schulze
makes use of this character in distinguishing Farres clavigera from F.
occa, I cannot attribute specific importance to it, especially as the
clavule are those of F. occa, the characteristic club-shaped forms of
F clavigera being, so far as I can make out, totally wanting.

Schulze has already reduced the numerous so-called species of this
genus to seven, and it seems highly probable that a further reduction
will be necessary when we have more knowledge of intermediate forms.

It is worth noting that R. N. LVIL 1 was associated with a speci-
men of Aphrocallistes beatriz (R. N. LVII 2), and in one part the Aphro-
callistes appears to have grafted itself on to the Farrea so as actually
to form part of the same tube-wall.

Register Nos., Localities, etc., IX 1, Station 201, 296—320 fathoms ;
X1, Station 204, 180—217 fathoms; XXXIX, S. W. of C. Comorin,
Lat. 7° 77" 30" N., Long. 76° 54’ 30" E., 787 fathoms; XLIII, 4,
8 miles west” of Interview Is., Andamans, 45—270 fathoms; LIV,
Andamans 238—458 fathoms; LVII 1, N. Sentinel Is., Andamans,
250 fathoms.

Aphrocallistes beatrix Gray [18568 B].
[For literature, synonymy and general discussion vide Schulze (1904).]

Schulze, in his report on the Indian Triaxonida collected by the
‘“ Investigator ’ (1895), distinguished three species of Aphrocallistes
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from the Indian Ocean, viz., 4. beatriz, Gray, A. bocage:, Wright (1870
B) and 4. ramosus, Schulze (1887). These so-called species were
evidently all very closely related and it is a relief to the systematist to
find that in his Valdivia Report (1904), Schulze has abandoned the
attempt to keep them distinct and recognises only two species of the
genus, wmz., A. beatrixz, Gray, and A. vastus. Schulze (1887).

There are a considerable number of specimens of Aphrocallistes
beatriz in the present collection, but the species has so often been de-
scribed and figured that it is unnecessary to do more than record the
localities, etc. _

Register Nos., Localities, etc., V 3, Station 56 ; IX -2, Station 201 ;
XVIII, Station 237 ; XXI, Station 297 ; XXVI, Station 373 ; XLII,
1, off Port Blair, Andaman Is., 29th December 1888, 112 fathoms ;
LVI, Bay of Bengal, 480 fathoms ; LVII 2, N. Sentinel Is., Andamans,
250 fathoms; LVIII, 7 miles S. E. by S. of Ross Is., 11th April 1888,
265 fathoms.

Hexactinella minor, n. Sp.

There are three specimens, all from the same locality in the Andaman
group, for which it seems to me desirable to propose a new specific name.
They evidently belong to Carter’s genus Hezactinelle and come near to
Schulze’s Hezxactinella tubulosa (1887) from Japan, but differ from that
species in certain particulars concerning both external form and spicula-
tion. The three specimens are not very unequal in size, the two larger
ones measuring each about 25 mm. in maximum breadth.

The sponge appears at first sight as a reticulate plate, or lamella,
some 3 or 4 mm. in thickness, with scattered, circular vents about 2 mm,
in diameter, which may or may not be marginal. Closer examination
shows that the structure may be interpreted as an irregular complex
of laterally fused tubes with fenestrated walls about 1 mm. in thickness.
The fenest ations are usually more or less elongated and about 1 mm,
in width. They are separated by trabecule of rather greater width,
and they may have been closed in life by a dermal membrane, though
this seems doubtful.

R. N. XLIIT 3, which shows the tubular character more distinctly
than the other two, has evidently been attached to some cylindrical
object, from which it has been removed ; a deep semi-cylindrical groove
having been left in the sponge. R. N. XLVI 1, @ and b are more like
miniature specimens of Carter’s Hexactinella ventilabrum (1885¢c), and
each has a suggestion of a short stalk placed very excentrically.

The dictyonal skeleton framework closely resembles that described
and figured by Schulze (1887) for Hexactinella tubulosa. It consists of a
rather irregular network of stout bars, about 0-05 mm. in diameter,
with roughened surfaces; with slender, terminally thickened spikes
sometimes projecti g ‘tom the nodes at the dermal and gastral surfaces,
This framework grow centripetally by addition of slender-rayed hexacts
on its gastral aspect. These are irregularly arranged and the junction
of their rays with one another and with the older parts of the skeleton
takes place in a very irregular fashion. The slender rays of these hex-
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acts appear to be slightly roughened even before they join on to the
main framework, but this secondary thickening seems to commence
only af:er such junction has been effected, when it spreads from the
already thickened bars first to the tips of the slender rays. The secon-
dary thickening, therefore, affects the skeleton as a whole rather than
the individual spicules. If a spicule-ray does not happen to come into

Texr-F1a. 1.—~Hezactinella minor, n. sp.

o', a”. Pentacts of the dermal surface X 65; b’. Scopula Xx65; b, b””. Heads

of scopule, b four-pronged and b’ six-pronged x 280;c¢. Diact X 280; d. Oxyhex-
aster X 280.

contact with any other part of the skeletal framework, that ray remains

unthickened long after its fellows have become transformed into stout
bars, |
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The remainder of the skeleton consists of separate spicules which
may be classified as follows :—

(1) Pentacts of the dermal surface (a’, a”); arranged in the usual
way ; with the four approximately equal rays lying tangen-
tially ; the fifth ray directed inwards, sometimes very much
longer than the others, but variable; the sixth ray repre-
sented by & knob, which is sometimes quite well developed
and shaped like a fir-cone, and sometimes sharply pointed.
The four tangential rays and the knob are commonly rough-
en- d, the fifth ray to a less extent. These spicules vary con-
siderably in size ; when fully developed the tangential rays
measure about 0-26 mm. by 0-017 mm. There appear to be
no pentacts on the gastral surface.

(2) Scopule (&', b”, b’”); arranged radially at both dermal and
gastral surfaces ; number of prongs variable, up to at least
nine ; prongs usually roughened and slightly knobbed ter-
minally ; shaft smooth or rough, slender, tapering to a fine
point. Total length up to about 0-82 mm.,

(3) Slender diacts (c) ; arranged radially, at right angles to the two
surfaces ; very slender; smooth; tapering gradually to a
fine point at each end; sometimes with an excentrically
placéd, subspherical enlargement. These spicules vary in
length up to about 0:-56 mm. They are very abundant.

(4) Oxyhexasters (d); with slender primary rays each bifurcating
mto two secondaries; secondaries gradually and finely
pointed, about equal in length to primaries; all rays quite
smooth. Total diameter of spicule about 0-08 mm.

The above account of the spiculation was taken from R. N. XLVI,
1 a, which may be regarded as the type specimen.

This species obviously resembles Schulze’s Hexactinella tubulosa, as
already pointed out, but differs in several respects, viz., (1) the tubular
constituents of the sponge are much smaller and more completely fused
into a plate-like whole; (2) there are no uncinates though these may
perhaps be represented by the smooth diacts; (3) the number of prongs
of the scopule ranges up to at least nine, instead of being restricted to
four.

It appears to resemble more closely the Mediterranean species of
Hexactinella described by Schulze (1900) and considered by him as
posgibly identical with H. tubulosa. It seems quite probable that this
Mediterranean species, which is represented so far by very poor material,
is identical with that now described from the Andaman Islands.

Register Nos., Locality, etc., XLIII, 3, XLVI 1 a and b, 8 miles
W. of Interview Is., Andamans, 45—270 fathoms.

Pheronema 8p.

There are two small specimens of Pherornema from Station 56, which
are so badly macerated as to be unidentifiable. Schulze’s Pheronema
raphanus (1894, 1902), however, was obtained from the Andaman Islands
and these perhaps belong to that species. They were in the same tube
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as the single specimen of Hyalonema pirum, from which they are at
once distinguished by their long, laterally projecting diacts and by t eir
somewhat larger size.

Register No., Locality, etc., VI, 2, a and b, Station 56, between N.
¢nd S. Sentinel Is., Andamans, 240 fathoms.

Hyalonema pirum Schulze (1894, 1902) ?

There is a single small, piriform specimen, with a terminal vent,
but without the stalk, which may perhaps be identified with Schulze’s
Hyalonema pirum, especially as both came from the neighbourhood of
the Andaman Is. Schulze has already pointed out that this “ species ”
may be a young form of Hyalonema indicum or some other species.

Register No., Locality, etc., VI 1, Station 56, between N, ard S.
Sentinel Is., Andamans, 240 fathoms.

Hyalonema nicobaricum Schulze (1904).

This species, represented in the Valdivia collection by a single
detached body from the Nicobar Islands, is again represented in the
present collection by a similar but smaller specimen found amongst a
large number of specimens of Thenea corallop’ila from 8. W. of Ceylon.
The specimen is much damaged and it is doubtful if any of the real
outer surface remains, while the stalk has completely disappeared. The
body is rather narrowly conical in shape, about 41 mm. in height, and
22 mm. in diameter across the opening of the funnel. The cavity of
the funnel is fairly deep! and there is a prominent central cone project-
ing into it. There is no trace of a terminal sieve-membrane, though it
is not impossible that one may have been present during life.

The spiculation agrees very closely with that described and figured
by Schulze for the type specimen, but the teeth of the large amphidises
ate less broadly rounded off at the free end than he represents them,
and in this respect they approach those of the closely related Hyalonema
schaidts Schulze (1899) from the east coast of America, though not so
sharp as the latter.

Register No., Locality, etc., XXIV 40, Station 333, Lat. 6° 31" N,
Long. 79° 38’ 45" E., 8. W. of Ceylon, 401 fathoms.

Genus Astroplakina n. gen.

Plakinidse with diact, triact, tetract and polyact spicules, the larger
ones usually smooth, the smaller forming oxy- or strongyl- asters with
roughened rays. _

This genus forms a most interesting link between the Homosclero-
phora (Plakinide) and Astrotetraxonida and completely justifies my
derivation of the asters of the latter group from the polyacts of the
former.

Tt also throws considerable light upon the systematic position of
Sollas’s genus Calthropella, which that author includes amongst the
Pachastrellide, in spite of the anomaly afforded by the presence of

1Tt is occupied by a small Ophiuroid,
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euasters. We may now derive Cclthropells from the Plakinide through
As roplakine and its lack of streptasters and possession of euasters is
at once explained.

Astroplakina stelligera n. sp.

This very interesting species is represented by a thin, white crust
growing upon the outer surface of the smaller of the two specimens of
Taprobane herdmant Dendy. Unfortunately it has been dried and
nothing can be said of the canal system or histology, but the spiculation
of the sponge leaves no doubt as to its being a Plakinid, and it seems
to come very near to the genera Plakorfss and Dercitopsis, though
sufficiently different from any hitherto known species to warrant generic
separation.

I have already pointed out (1921A) the importance of the genus
Dercitopsis as indicating the starting point in the evolution of the
tetraxonid spicule and shown how, in Dercitopsis minor, meristic varia-
tion in the number of rays leads to the formation of triacts, diacts and
pentacts, as well as tetracts, while at the same time increase in size of
the diacts points to the future distinction between mega- and micros-
cleres. The pentact spicules, however, were only very rarely met with-
in D. minor.

In Astroplakina stelligera we find a much greater range of variation.
Not only are pentacts abundant, but the number of rays may be increased
up to at least eight, while at the same time the whole spicule diminishes
in size and the rays tend to become more and more roughened by small
spines, so that the final stage is a typical oxy- or strongylaster with
minutely spined rays, such as occurs so commonly amongst the Stellet-
tidee. All gradations seem to exist between the different sizes of spicules
and it is only possible to classify them in accordance with the number
of rays. My preparations have been made merely by teasing small
fragments of the sponge and show no definite skeleton arrangement.

Spicules :—(1) Diacts (a—c); fusiform, sharply pointed at each
end, sometimes with a more or less distinct enlargement in the middle
(@, b), sometimes with a few small spines near the apices (@). There
are also numerous much larger diacts, taking the form of typical oxea,
many, if not all, of which belong to the sponge (Taprobane herdmans)
upon which the Asiroplakina is growing. Owing to the commingling
of the spiculation of the two species it is impossible to say to what size
the diacts of Astroplakina stelligera may attain. The spicule marked
b in Fig. 2, measures 0-063 by 0-006 mm. and certainly belongs to the
Astroplakina, as does a, but ¢, which is about the same length but rather
more slender than b, may belong to the T'aprobane, though much smaller
than most of the oxea of that species.

(2) Triacts (d, e, f, g); regular (d) or irregular (e, f); rays usually
sharp-pointed, smooth in the larger forms (d), roughened towards the
apices in the smaller (g), ranging from about 0-03 down to about 0-01
mm. in length.

(8) Tetracts (h, j, k, 1) ; regular (&, j) or irregular (%, I) ; rays ranging
from smooth and sharply pointed (%, k) to roughened at the apices and
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bluntly pointed (I), and from about 0-021 down to about 9-0063 mm. in
length.

(4) Pentacts (m, n, o); ranging from forms with almost or quite
smooth rays about 0-017 mm. in length, to minute asters (o) with blunted
and distinctly roughened rays, the whole spicule only about 0-01 mm,
in diameter.

Text-Fie. 2.—Astroplakina stelligera, n. sp.

a—<¢., Diaots; d—g. Triacts; h—I. Tetracts ; m—o. Pentacts; p. Hexacts; g. 7.
Heptaots ; s. Ootaots. )
All figures are magnified 475 times.

(5) Hexacts (p); rare, ranging from forms with smooth, medium-
sized, sharp-pointed rays, to small asters with rays terminally roughened.

(6) Heptacts (¢, 7) ; rare, only observed as oxyasters with terminally
roughened rays.

(7) Octacts (s) ; rare, only observed as an oxyaster with terminally
roughened rays.

Register No., Locality, etc., XXXIII, a, Station 535, Mergui Archi-
pelago, 65 fathoms.

Thenea cqrallophila, n. sp.

There are in the collection between thirty and forty specimens of
this species, all from the same locality. Many of them are still attached
to the broken branches of a dead Madreporarian coral (apparently an
Ocutinid) from which the remainder have probably been removed.
There is no sign of a root tuft, the attachment to the coral being by
slight adhesion. There is usually a single deep poral recess, lined”by a
fine sieve-membrane and overhung by a broad spicular fringe, and a
single oscular recess nearly diametrically opposite to the poral recess
and more or less surrounded by a broad spicular fringe. The oscular
recess usually shows a number of relatively large vents in jts floor but
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occasionally exhibits a fine sieve-membrane like that of the poral recess.
The poral recess may extend nearly half way round the equator of the
sponge (R. N. XXIV 6). In one case (R. N. XXIV 2) there are
three quite separate recesses, each lined by a fine sieve-membrane and
each surrounded by a spicular fringe, so that it is impossible to tell
which may be oscular and wh ch poral. The surface between the re-
cesses 18 coarsely hispid but the projecting ends of the spicules are practi-
cally all broken off and there is & good deal of sand (chiefly Foraminifera)
mingled with their remains. A typical specimen (R. N. XXIV 1)
measures about 35—40 mm. in diameter. The colour in spirit is light
brown. The arrangement of the skeleton is typical. The large dicho-
trines are placed radially, with their cladi extended at or near the
surface. Closely associated with their stout shafts are the much more
slender shafts of the anatrieenes whose cladomes usually project far
beyond the surface. Long oxea, stout and slender, occur in abundance,
but it ‘s difficult to determine their typical position in the sponge. The
oscular and poral fringes consist chiefly of stout mesotrizenes but there
seem to be a few long oxea amongst them. Great numbers of centro-
tylote microxea are scattered through the ground-substance in the
interior of the sponge, along with the other microscleres.

Spicules :—(1) Dichotrienes (@, o', a”); secondary cladi typically
much longer than the primaries and gradually sharp-pointed (a), but
often shortened and knobbed at the extremity (a’, a”); shaft ranging
from gradually and sharply pointed (a’) to distinctly knobbed (a”).
These spicules are of very large size; the cladome may measure as
much as 2-46 mm. across with the shaft about 58 mm. in length and
0'1 mm, in diameter at the base.

(2) Plagiotrienes (b); large and stout, with gradually and sharply
pointed shaft and cladi ; characteristic of the basal portion of the oscular
and poral fringes; e.g., shaft 3-6 mm. by 0.1 mm., with cladi about
0-6 mm. by 0-08 mm. Sometimes the cladi are directed forwards to
such an extent that the spicule might be regarded as a protrizne.

(3) Anatrimnes (¢, ¢’, d); usually with large cladome, with long,
narrow, sharply recurved and gradually and sharply pointed cladi ;
shaft usually rounded off terminally, but sometimes drawn out nto a
long, slender thread, sharply pointed at the end. In a typical example,
with long-drawn-out shaft, the cladi measured about 0-017 mm. in
length and the shaft was about 6:8 mm. long by 0-02 mm. in diameter
at the proximal end. There are also a few anatriznes with very small
cladomes with short but sharply pointed cladi (d). The two forms are
connected by intermediates.

(4) Mesotriznes (e) ; long, stout, sharply pointed at each end; the
three cladi well developed, gradually and finely pointed, sharply turned
forwards, only about half as long as the apical continuation of the shaft.
Shaft broadest in the middle and tapering gradually to each end, about
8:5 mm. by 0-04 mm., with cladi about 0-275 mm. long. In the poral
fringe they may be much longer. up to 17 mm.

(5) Oxea (f); large and stout, symmetrical or asymmetrical, fairly
gradually and sharply pointed, measuring, e.g., about 6-8 mm. by
0-068 mm.
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(6) Oxea ; long and slender, gradually sharp-pointed at each end ;
measuring, e.g., 45 mm. by 0-017 mm. (R. N. XXIV, 7 contains a
number of long, slender spicules, sharply pointed at one end but with
a well-developed knob at the other, and I have also seen one with a well-
developed knob at each end. I think these are most probably abnormal
derivatives of the slender oxea. Whether or not they occur in other
specimens I am uncertain, but knobbed fragments occur in boiled out
preparations of R. N. XXIV, 1 which are almost certainly of the same
nature.)

‘:;\70
¥
X

TEXT-FIG. 3.—Thenea corallophila, n. sp.

g

R

a, a’, a’. Dichotrienes X 39 ; b. Plagiotriznes x 39; ¢, c},d. Anatriznes x39;
e. Mesotrienes x 39; f. Oxea x 39; g,k Microxea x 39 ; k—m. Microxea x 168,
n. Tylotemonact X 168 ; p, ¢.o. Triacts and derivatives x 39; ». Angulate diact, X
39; s—y. Streptasters or dichotriacts x 270.

(7) Microxea (g, A, k, 1, m); centrotylote; straight, curved or
angulate ; tapering gradually from the central inflation to each finely
pointed extremity ; surface slightly uneven; size usually about 0-46
by 0-01 mm. (at the central inflation), but very variable and up to at
least 0-64 by 0-016 mm. These spicules are doubtless to be regarded
as diact derivatives of an original triact, or possibly tetract form. They
occasionally exhibit one or two adventitious branches (I, m), which
are evidently of a secondary nature and suggest a possible mode of
origin for the so-called mesotriznes. Very rarely a tylote monact
reduction form of the microxeote occurs (n). The microxea pass into
strongly angulate diacts (r), from which they differ in having the angle
more or less straightened out.
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(8) Triacts (p, ¢, 0) of the same order of magnitude as the microxea,
but rare and variable; occasionally tetract ¢ (o) or polyact ?

(9) Dichotriacts (Streptasters) (s, ¢, u, v, w, z, y); very variable
in form and size; ranging from comparatively large plesiasters with
few rays (s, §) through metasters (4, v), to small spirasters (w) ;
with abnormal forms such as z and y. The plesiasters measure about
0-056 mm. and the spirasters about 0:024 mm. in longest total diameter.
The rays may be slightly roughened. The study of this and the follow-
ing species has thrown considerable light on the true natare of these
so-called streptasters, the discussion of which must bé postponed until
the other species in question has been described.-

This species exhibits a combination of the characters of two other
species from the Indian Ocean described by Lendenfeld (1906) in his
Report on the Tetraxonia of the Valdjvia Expedition, having the
microxea characteristic of Thenea centrotylota and the mesotrienes of
T'. mesotri@na, while there is little, if anything, that is distinctive about
its external form.

Register Nos., Locality, etc., XXIV, 1—7, etc., Station 333, Lat.
6° 31’ N., Long. 79° 38" 45" E., S. W. of Ceylon 401 fathoms.

Thenea andamanensis n. sp.

This species is represented by two good specimens, closely resembling
one another and from ‘the same Station. In both the upper surface is
strongly flattened, the lower less so. In one (R. N. XV, 1) there dre
indications of a root tuft in the form of a few vertically descending
columns of spicules broken-off short. In each there is a deep poral
groove or recess extending half way round the sponge on or just above
the equator and overhung by a spicular fringe in wh.ch the bases of the
spicules are imbedded in a thin extension of the upper surface, while
the projecting ends are nearly all broken off. This groove is lined, as
usual, by the pore-bearing membrane and its lower margin is without
a well-developed spicular fringe. Opposite to this groove and also on
or just above the equator of the sponge, is a large, oval oscular recess,
also lined by a cribriform membrane and overhung by a spicular fringe,
but without such a fringe at its lower margin. The maximum diameter
of each specimen is about 31 mm. The surface is coarsely but only
slightly hispid. The colour is spirit in light greyish brown.

The skeleton is arranged as usual.

Spicules :—(1) Dichotrienes (Pl. 3, Fig. 1, a); of the usual type,
with short primary cladi and long, slender, gradually sharp-pointed
secondaries ; shaft gradually tapering to its very slender but bluntly
pointed apex. In a typical example the cladome measures about 2-4
mm, azzoss and the shaft about 425 mm. in length by 0-085 mm. in
diameter at the base. I have found no knobbed forms of these spicules,
such as occur in Thenea corallophila.

(2) Protrienes (b, ¢) ; large and stout ; cladi usually strongly turned
forwards (b), more rarely approaching the plagiotrizene condition (c);
the cladi are as a rule gradually and fairly sharply pointed, but some-
times knobbed ; the shaft usually tapers gradually away to a very
slender apical portion which ends bluntly, but it may be greatly abbre-
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viated and terminate in a large knob; in a typical example the shaft
measures about 6:2 by 0-085 mm. (at the bas:), and the cladi about
0-8 by 0-068 mm. These spicules are abundant in the basal portions
of the oscular and poral fringes. They are evidently homologous with
the large ““ plagiotrieenes *’ of T'henea corallophila.

N T /
——— 'j I;ﬂ .
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TEXT-FIG. 4.—Thenea andamanensis, n. sp.

a. Dichotrimnes X 52; b, c. ProtisnesX 52; d, e. Large anatriznes x 52 ; f.
~—h. Small anatrienes x 52 ; k. Mesotriznes X 62 ; m.—o. Microxea X 360 ; r—t. Triacts
X 360; u—zand a’—g’ X 360.

(8) Large anatriznes (d, €); with very long, slender, finely pointed
and sharply recurved rays, running b .:k almost parallel with the shaft,
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and measuring, say, about 0-3 by 0013 mm. The shaft is long and
very slender, but I have never seen it unbroken so can say nothing of
its_mode of termination nor exact length, though I have measured it
up to nearly 8 mm.

These spicules are distinctly scarce.

(4) Small anatrimnes (f, g, k); with short, slender, bluntly ended
shaft and very small, sharp cladi. The cladi are often reduced in num-
ber and the entire cladome may be represented by a mere knob. These
spicules are abundant on the upper surface of the sponge, from which
the cladomes project freely. They appear to form quite a distinct
category from the large anatrieenes and there are few, if any, inter-
mediates. In a typical example the shaft measures about 0-6 by 0-009
mm, and the cladome about 0-056 mm. across.

(6) Mesotriznes (k); often reduced to mesodienes (I); of large
size ; apical prolongation of shaft 2—3 times as long as the cladi; ends
of shaft and cladi gradually and sharply pointed. These spicules are
probably most abundant in the oscular and poral fringes, but they are
nearly all broken short. A typical example measures about 80 by
0-034 mm., with cladi about 0-17 mm. long. Probably much larger
examples occur in the fringes.

(6) Large, stout oxea; gradually and fairly sharply pointed at
each end; m:asuring, say, about 7-6 by 0-068 mm. There are also
gome long and slender oxea, but it is difficult to find them intact, and
I doubt whether they can be regarded as belonging to a distinct cate-
gory.

(7) Microxea (m, n, 0} ; centrotylote ; straight, curved or angulate ;
tapering gradually from the central inflation to each finely pointed
extremity ; surface very slightly uneven ; occasionally minutely spined
(0) ; size usually about 0-16 by 0-005 mm. (central inflation) seldom
more. Very rarely a tylote monact reduction form (p) occurs. The
microxea pass into strongly angulate diacts (g), from which they differ
in having the angle more or less straightened out.

(8) Triacts (r, s, ¢); with long, slender, gradually sharp-pointed
rays, nearly equal in length and more or less in one plane, and rather
variable angles. Size very variable ; in a typical case the rays measure
about 0-092 by 0-006 mm.

9) chhotnacts (streptasters) (v, v, w, @, y. 2, ', ¥, d,d,é¢,f,9);
very variable in form and size, ranging from comparatlvely large plesias-
ters (u, v, w, z, ¥, z, a’, b’) with four or five rays; through metasters
(¢, d, ¢, f’, g’) with six to eight rays, to small spirasters (2) with pur-
haps twelve or more rays and measuring only about 0-028 mm. in maxi-
mum diameter. The rays of these spicules may be m.nutely spined.

This species is ev.dently closely related to Tkenea corallophila, but
appears to be suffic.ently distinct to merit recognition. Amongst the
differentiating characters the chief seem to be the presence of a root-
tuft, the presence of the minute, short-shafted surface anatrienes, the
much greater abundance of the larger triacts and dichotriacts and the
smaller size of the microxea.

Register Nos., Locality, etc., XV, 1, 2, Station 234, Lat. 13° 15" 30"
N., Long. 93° 26’ K., Andaman Sea, 498 fathoms.
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Genus Peecillastra, Sollas.

Sponge lamellar, with inhalant and exhalant surfaces ; not corticate.
Megascleres oxea (and abnormal derivatives), calthrops and trisenes of
various kinds (usually short-shafted and often very irregular). Micros-
cleres streptasters (plesiasters to spirasters) and sometimes mi-
croxea.

I have on a former occasion (1916¢c) followed Lendenfeld (1903) in
merging Sollag’s genus Pellastra in Pachastrells. Further experi-
ence has convinced me that Sollas was right in separat'ng the two. The
chief dist'nctions lie in the plate-like form of Pacillustra, with its in-
halant and exhalant surfaces, and in the presence in Pecchastrella of
characteristic microrhabds which are absent in Pe:illasira.

Peecillastra tenuilaminaris Sollas.
[For Literature and Synonymy vide Dendy (1916c¢.)].

There are three specimens in the collection which agree very closely
with Sollas’s original type except that the metasters give place to spiras-
ters at the surface of the sponge. This fact seems to justify Lendenfeld’s
[1903] iduntification of P. tenuilaminaris with P. crassiuscula Sollas,
and indeed it is prob .ble that several of the species of ¢ Pecillastra ™
described by Sollas will have to be united. The thin plate-like form
of the present specimens, however, is perhaps of no less specific signifi-
cance than the very shadowy distinction between metasters and spiras-
ters, and I propose to retain the name tenuilaminaris for the present.

The best specimen (R. N. XXXII, 6) is a much folded and to some
extent anastomosing lamina ; the plate itself only about 2—3 mm,
in thickness, but the entire specimen, even in its present evidently
reduced condition, measuring about 40 by 36 by 20 mm.

Previously known distribution ; Japanese Seas (Sollas, Lebwohl);
Amirante, Indian Ocean (Dendy).

Register Nos., Localities, etc., XXXI, 6, Station 532, Mergui Archi-
pelago, Lat. 12° 15" 20" N., Long. 97° 10" 10" E., 62 fathoms;
XXXII, 6, Station 535, Mergui Archipelago, Lat. 13° 4" 30" N., Long.
96° 44’ E., 65 fathoms ; XLVI, 4, 8 miles west of Interview Is., Anda-
mans, 45—270 fathoms.

Peecillastra eccentrica, . Sp.

This species is represented, in the first place, by parts of a single
specimen (R. N. V 1), broken, apparently in the dredge. The habit is
remarkably Phakellia-like. The largest piece is a thin, almost flat plate,
about 3 or 4 mm. Yhick, with broadly rounded, slightly indented margin
of about the same thickess and without marginal vents. It measures
about 43 by 25 mm. superficially. The next largest fragment is squarish,
about 17 mm. each way, and attached to a calcareous organism of
doubtful nature which probably formed the support of the entire sponge.
The two surfaces are not very different, but one is rather smoother than
the other and more distinctly marked with numerous small, rounded,
closely set areas, each only about 0-5 mm. in diameter. These areas mark
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the ends of narrow canals which seem to run through from surface to
surface exactly as in Phak.llia. Remains of a delicate, minutely reti-
culate, probably pore-bearing dermal membrane, closing the ends of
these canals, are still visible. Similar minute, probably pore-bearing
areas are recognisable on the other side also, but it is impossible to say
which side was inhalant and which exhalant. The texture of the sponge
is friable, crumb-of-bread-like, but towards the margin it tends to become
radially fibrous in places owing to the presence of bundles of long oxea.
Both surfaces, and also the margin, are slightly hispid from the projection
of the ends of large spicules. The colour in spirit is light yellowish
brown.

A second specimen (R. N. XLIX) is a plate-like fragment measuring
about 22 by 14 mm. and about 2 mm. thick. The remainder of the
description is taken from R. N. V 1.

There is no cortex but only a thin dermal membrane. The mesogloea
is gelatinous-looking and transparent, though coarsely granular on account
of the numerous cells and nuclei irregularly scattered through it.

The canal system is lacunar and the flagellate chambers are sub-
spherical and measure up to about 0-04 mm. in diameter; but they are
often much smaller, probably owing to contraction. Their epenings
have not been made out but they are almost certainly eurypylous.

The skeleton is very confused and irregular, but it is easy to make
out, in carefully cut sections, that the large trienes typically have
their cladi extended paratangentially, at or near the surface, while the
calthrops are characteristic of the interior, and the oxea tend to be
directed towards the surface, singly or in bundles. This arrangement is
especially distinct at the margin of the sponge-plate, where the triznes
are most abundantly developed. Here also one finds, very irregularly
arranged, loose bundles of very long and slender oxea, much more slender
than the ordinary forms.

Spicules.—(1) Calthrops (a—c); regular or irregular ; rays straight
or bent, sometimes reduced to rounded stumps, rarely forked, measuring
up to about 1-0 by 0-:076 mm.

(2) Trienes (d—I); extremely variable in size and form; long or
short-shafted, the long-shafted ones smaller; rays often reduced to
rounded stumps, sometimes forked ; cladi sometimes recurved ; ranging
in size up to about the same as the calthrops. Abnormalities such as a
m>3sodiene ( ) and a plagiomonsne (m), occasionally occur.

(3) Oxea (0, p); fully grown specimens measure up to about 4-2 by
0-055 mm.; they are more or less crooked and gradually and sharply
pointed at each end. These are the typical and most abundant oxea,
but from these we get a range of sizes down to about 0-42 by 0-013 mm.
There are also the very long and much more slender oxea referred to in
the description of the skeleton but these always seem to be broken off
at one or both ends, so that it is impossibl: to obtain measurements of
the length.

(4) Styli and Tylostyli (g), evidently abnormal derivatives of the
large oxea, and only occasionally met with.

(5) Amphitylote (r); another abnormal derivative of the large-

oxeote, only once observed.
D
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(6) Plesiasters, passing into spirasters (s—z). In the plesiaster (s—v)
the rays are long, slender, gradually and sharply pointed ; in the spiras-
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Texr-Fia. 5.—Pacillastra eccentrica. n. sp. a—c. Calthrops x50 ; d—{. Triznes x 50 ;
o—p. Oxeax50; g¢. Styli and tylostylix 50 ; r. Amphitylote X 50 ; s—z. Plesias-
ters passing to spirasters X 450.
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ters (w—z) the rays are shorter and more numerous and may be truncat-
ed, or even slightly tylote. The plesiasters have a maximum total
diameter of about 0:023 mm. ; the spirasters are decidedly smaller.

This species differs from all other species of the genus known to me
in the absence of the very characteristic microxea, unless, indeed, the
smallest oxea observed (0-42 by 0-013 mm.) are to be regarded as such.
These small oxea, however, are comparatively rare and do not exhibit
any roughening of the surface.

Register Nos., Localities, etc., XLIX, Andamans, 130-—250 fathoms ;
V, 1, Station 56, between N.and S. Sentinel Is., Andamans, 220—240
fathoms,

Stelletta trichotrieena, n. sp.

The spenge is spherical, or nearly so, the specimens varying in size
trom that of an ordinary pea to about 25 mm. in diameter. The surface
appears characteristically smooth and naked to the eye, but under a lens
looks as if it had been thickly peppered over with small dark specks,
These specks are the optical sections of the shafts of the large dichotri-
@nes, lying in the centres of the cladomes. They only appear dark
when viewed along the axis of the shaft. The surface is characteristically
harsh to the touch, but not visibly hispid. There are no visible openings
that can be regarded as natural, but the sponge very readily splits in a
radial direction. The texture is compact and hard, the colour in spirit
pale greyish yellow.

The following description of the anatomy is taken from the largest
specimen (R. N. XXVII, 1), which may be regarded as the type.

The ectosome is about 17 mm. thick. It is composed of a thin
outer and a very thick inner layer, separated by a very thin and ill-
defined fibrous layer. The outer layer, about 0-17 mm. thick, is little
more than a system of radially arranged membranes separating the
irregular sub-dermal cavities, and is bounded externally by the thin,
pore-bearing dermal membrane supported by the cladomes of the dicho-
trienes. The inner layer, about 1-5 mm. in diameter, is collenchymatous,
consisting of a gelatinous matrix containing numerous stellate cells,
but iv is reduced almost vo a n twork by the very stiongly developed
system of large ectosomal canals, partially subdivided by numerous
sphincter membranes. The choanosome contains similar large sphinc-
trate canals, arranged more or less radially.

The arrangement of the skeleton is perfectly typical. It consists
of dense bundles of trizenes and oxea radiating from the centre of the
sponge to the surface. Nearly all the triznes have their cladorues either
actually at or just beneath the surface, but those of the slender pro-
trizenes commonly project freely, though they are now nearly all broken
off short, so that the surface is no longer hispid. The larger anatriznes
are only moderately numerous and their cladomes lie just below the thin
outer layer of the ectosome. The thin, hair-like anatrienes (tricho-
trienes) are so slender, and their cladomes are so minute, that they are
quite inconspicuous even under moderately h.lgh powers of the microscope.
In thin radial sections they may be seen running in wisps through the
ectosome, with their cladomes lying near the susface.

D2
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Spicules.—(1) Dichotriznes (Tex -fig. 6 a); with very long, straight
or slightly curved shaft, tapering very gradually to a very slender apex
and characteristically constricted just beneath the cladome. Primary
cladi short, stout, forwardly directed ; secondaries very variable, even in
the same individual spicule ; usually about the same length as the
primaries, conical and more or less sharply pointed, but may be longer
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TexT-Fia. 6.—Stelletta trichotriena n. sp. a. Dichotrisenes X 65; b. Anatriznes X 65 ;
¢. Protrienes x 65; d, Minute strongylasters’ x 620; e. Sphaeroxyasters X 620 ;
f. Oxyasters x 620.

or shorfer, rounded off at the end or reduced to mere knobs, more or less
obsolete. A well-developed specimen has a shaft 6:6 mm. in length
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by 0-068 mm. in diameter, just below the constriction, and a cladome
only about 0-44 mm. across.

(2) Anatrieenes :—

(@) of ordinary form and size (b) ; with stout fairly sharply recurved,
sharply pointed cladi and long, slender shafts tapering very
gradually to hair-like fineness. A typical example measures
about 85 mm. in length, with the cladome 0-1 mm. across.
Intermediate sizes (b') between this and the trichotrisenes
occur.

(b) Trichotriznes ; with very long and excessive'y slender shaft
and very minute cladome, only about 0-004 mm. in diameter,
or even smaller, sometimes reduced to a minute knob. In
boiled out preparations these spicules may appear, even
under a high power of the microscope, as a densely tangled
mat of fine hairs,

(3) Protriznes (c) ; with long, slender shaft, tapering gradually to a
finely pointed extremity, and three short, forwardly directed cladi.
The shaft may measure about 5-4 by 0017 mm. and the cladi about
0-085 mm. in length.

(4) Oxex. Straight or nearly so and gradually and sharply pointed
at each end ; measuring about 5-:0 by 0-068 mm,

(5) Minute stronglylasters (d); characteristic o* the dermal membrane,
where they are very abundant ; with about ten or twelve short truncated
rays’; total diameter about 0-006 mm. Theze pass through larger,
many rayed strongylasters (d') into (6).

(6) Sphaxroxyasters (e); with distinet centrum and minutely
roughened, sharply pointed rays ; total diameter about 0:02 mm. These
are rare. I have found hem near the junction of the outer and inner
layers of the ectosome.

(7) Oxyasters (/) ; without centrum ; with comparatively few, fairly
long, slender, tapering, sharply pointed rays. Smaller than (6) ; mea-
suring up to about 0-016 mm. in diameter. These occur in the inner
portion of the ectosome and in the choanosome, but they are not
abundant.

This species evidently comes very close indeed to Thiele’s S:elletta
validissima from Japan (1898). The agreement in spiculation is indeed
remarkable. Both pecies have the characteristic trichotri@nes but the
sph®roxyasters arenot mentioned for th: Japanese sponge, though it
seems very probable that they might be discovered by further search.
A much more striking difference seems to be the presence, in S. validissima
of a thick investmen’ of foreign matter entangled in the projecting ends
of protriznes, but this seems to be easily stripped off and then the sponge
apparently resembles our species in external appearance. It may be
necessary to unite the two species when further evidence is forth-
coming.

Reguster Nos., Locality, etc., XXVII, 1—4, Station 385, Arabian Sea,

Lat. 16° 40" N., Long. 74° 22’ E., 630 fathoms; XLV, Andamans, 271
fathoms.
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Stelletta longicladus, n. sp.

The single specimen is irregularly ovoid in shape, about 14 mm. in
height by 10 mm. in transverse diameter. The surface is for the most
part smooth, but slightly hispid in places, especially at one end, where
the hispidity may possibly represent the remains of a root-tuft. The
other (? upper) end is somewhat narrower and bears a small aperture
which may represent a vent, but this is doubtful. The texture is firm
and compact ; the colour in spirit light brown.

The ectosome is about 0-76 mm. thick, extremely cavernous, with
little if any fibrous tissue. The skeleton is typical, consisting of radial-
ly arranged bundles of trizenes and oxea ; not very dense. The cladomes
of the large dichotrines are spread out just beneath the dermal mem-
brane, roofing over the large ectosomal cavities. The cladomes of a few
large anatrienes lie at the same level, while hair-like trichotrieenes pro-
ject here and there from the surface.

Spicules.—(1) Dichotrines (a, a’); with long and rather slender
shaft, tapering gradually to a narrow but blunt apex ; primary cladi
short, secondaries very long and rather slender, gradually and sharply
pointed ; bent back from the forwardly turned primaries so as to lie in
a plane at right angles to that of the shaft. In a typical example the
shaft measures about 2-4 by 0-04 mm. ; the primary cladi about 0-12
by 0-034 mm., and the secondaries up to 0-42 mm. in length, being more
or less unequal among themselves.

(2) Anatricenes (@) ; of ordinary form and size (b) ; with rather short
stout, sharply pointed cladi, and long, slender shaft diminishing in
size from the cladome to hair-like dimensions but gradually enlarging
again towards the apex, which is bluntly rounded off. All the speci-
mens in my boiled out preparations have the shaft broken, but both
ends occur in abundance. The most complete has the cladome measur-
ing 0-1 mm. across (rather small) and the shaft (broken off at the end)
4-0 mm. in length.

(b) Trichotrisnes (b') ; with very minute cladome, only about 0-017
mm. in diameter, and very slender, hair-like shaft.

(3) Protrienes (c); these occur chiefly in the ‘ root-tuft.” The
shaft is very much stouter than of the antrieenes. The cladi are rather
short and stout, gradually and sharply pointed. I have not been able
to find a specimen with unbroken shaft; the most complete has a shaft
measuring about 47 by 0°038 mm. (the thickest part being at a lung
distance from the cladome, after which it narrows again), and the
cladi about 0'13 by 0-025 mm. '

(4) Oxea ; rather slender, slightly curved, fusiform, tapering very
gradually to very narrow but not very sharp points, measuring, say,
about 3-2 by 0-034 mm.

~ (b) Minute oxyasters or spheroxyasters (d); characteristic of the
dermal membrane, where they are very abundant; with numerous
short, sharply pointed rays ; total diameter about 0-008 mm.

(6) Larger spheroxyasters (e) ; similar to the above but of about
twice the diameter; characteristic of the ectosome and passing, by
diminution in number and increase in length of rays into
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(7) Large oxyasters (/) ; with no centrum and long, slender, sharply
pointed rays varying greatly in number (usually about seven, but di-
minishing to as few as two) ; very abundant in the choanosome ; total
diameter about 0-024 mm. when there are about seven rays but up to
0-06 mm. when there are only three rays.

gl
b.

TEXT F16. 7.—Stelletta longicladus, n. sp.

a, a’. Dichotrimnes X 62 ; b. Anatrisnes X 52 ;

b’. Trichotrimne X 62 ; ¢. Protrizne X 62 ;

d. Minute oxyaster or spheroxyaster X 520 ;

¢.Y Larger sphwroxyaster x 520 ; f. Large oxyaster X 520.

This species is evidently closely related to Stelleita trickotriena, differ-
ing chiefly in the long, slender cladi of the dichotriznes, but also in the
characters of the asters,

Register No., Locality, etc., XIL., Station 217, Arabian Sea, Lat.
6° 56’ 56" N., Long. 72° 63’ 30" E., 4569 fathoms.
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Stelletta clavosa Ridley.

Stelletta clavosa Ridley (1884 B.)

Myriastra clavosa Sollas (1888 A)

Myriastra clavosa var. guadrata Sollas (1888 A)

Myriastra toxodonta Sollas (1888 A)

Myriastra clavosa Kieschnich (1896)

Myriastra clavosa Topsent (1897 A)

Myriastra clavose Kieschnick (1898)

Stelletta clavosa Lindgren (1898)

Myriastra clavosa Dendy (1905)

Stelletta clavosa Lendenfeld (1903 B)

Stelletta clavosa Lendenfeld (1906)

This species is widely distributed in the Western Tropical Pacific
and Eastern Indian Ocean as far as Ceylon. I have to record, in the
present collection, a single typical specimen from the Andamans. The
specimen is subspherical, about 10 mm. in maximum diameter, with
a single oval vent in the middle of a concave depression on the upper
surface.

Register No., Locality, ete., LV 3, off Cinque Island, Andamans,
170—120 fathoms.

Stelletta hackeli (Sollas).

Prilochrota heeckely Sollas (1888)

? Stelletta ternatensis Thiele (1900)

Stelletta heckeli Lendenfeld (1903)

Pilochrota heeckeli Dendy (1905)

Myriastra (Piloc’ rota) heckeli Dendy (1916 A)

The single specimen is almost spherical, about 6 mm. in diameter,
with no visible vent. There are a few small grains of sand attached to
the surface at one pole. The surface is rather rough, almost like that
of a Donat on a small scale. Texture firm and compact. Colour in
spirit light grey. There is a tough, fibrous cortex and the skeleton
arrangement is quite normal.

The spiculation differs in certain particulars from that of the Indian
Ocean specimens previously examined and described by me. In the
first place there are none of the curiously abnormal anatrieenes with
shortened rays, culminating in spheres, while, in the second place,
there are some very remarkable monstrous forms resembling very closely
those figured by Thiele (1900) in his Stelletta ternatensis (Pl. II, Fig. 5
d-f). These spicules have one end thickened and club-shaped and the
other drawn out to a slender apex. On the thickened end are from one
to three very irregularly developed hooks, resembling the cladi of an
anatrieene. Thiele, indeed, regarded these spicules as abnormal ana-
trieenes, but there are two reasons why I think it necessary to 1egard
them as derived from oxea. In the first place the thickened end, bear-
ing the hooks, is usually (but not always) turned inward; towards the
centre of the sponge. In the second place I have found an oxeote spi-
.cule, fusiform and pointed at each end (though rather irregular in shape)
with a similar hook-like projection in the middle.
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Were it not that these spicules are, like the abbreviated anatrienes
above referred to, obviously abnormal and at the same time very vaxi-
able, I should be strongly inclined to regard them as specifically cha-
racteristic of Stelletta ternatensis, which in other respects closely re-
sembles S. heckeli. Such a view would be strengthened by the fact that
they also occur in a specimen from Ceylon (Brit. Mus. Coll. 82,8,2,5)
identified by Mr. Maurice Burton as Stelletta heckels, though I have been
unable to find them in my own preparations of specimens from Ceylon
and Okhamandal. It is certainly remarkable that such characteristic
abnormalities should occur in specimens from localities as widely sepa-
rated as Ternate, the Andamans and Ceylon.

The entire question of the relationships of S. heckeli is a very difficult
one and the available material is as yet by no means sufficient to settle
it. Lendenfeld (1906 makes some suggestions on the subject that are
worth consideration.

Register No., Locality, etc., XLVI, 7, eight miles West of Interview
Island, Andamans, 45—270 fathoms.

Geodi .r. modigiiata Carter 1880.

Geo.lia ? ramo igitata Sollas 1888 B.

Geodia ramodigitata Dendy 1905.

The six specimens vary but little, except in shape and size, from
those described by Dendy (l.c.). They are mostly spherical or nearly
so. The spiculation agrees almost exactly.

Previously known distribution :—G. of Manaar, Ceylon (Carter;
Dendy).

Registered No., Locality, etc., XX, 1—6, Persian Gulf, Lat. 26° 20’
N. Long. 53° 54’ E, 53 fathoms.

Donatia repens (O. Schmidt).
(For synonymy vide Burton 1924.)

The two specimens consist of a spherical body, about 10 ‘mm. in
diameter, which is mounted on a slender stalk about 15 mm. long. This
stalk is composed of a bundle of longitudinally-placed megascleres cover-
ed by a thin layer of tissue and does not exceed 1 mm. in thickness. The
spiculation in both specimens exactly resembles that of Dendy’s D.
stella-grandis.

It is worth while emphasizing the presence of stalked Donatias in
the collection, for such forms are of comparatively rare occurrence in the
genus although rooting processes are often seen. I hold the opinion
that the presence of a stalk is usually the result of special conditions of
the environment and has little or no specific value, but this is a matter
which calls for more detailed investigation.

Previously known distribution :—Florida, Indian Ocean, Australia
(vide Burton 1.c.).

Registered Nos., Locality, etc :—LIII, Andamans, 130—290 fathoms ;
LX, W. Anadmans, 480 fathon:s.
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Donatia robusta (Bwk.)
(For synonymy vide Burton 1924.)

The single specimen is assigned to this species after some hesitation.
Although like other members of the species in external form, structure
of cortex, and shape and size of spicules, it differs in the paucity of
megasters present in the cortex. Usually, the species has a very dense
cortical layer of megasters but in this one specimen these spicules are
not so abundant. However, such a small point, when all other charac-
ters agree, seems hardly worthy of special distinction.

Previously Fknown distribution :—Australia, New Zealand, Indian
Ocean, Red Sea.

Registered No., Locality, etc. :—XXXVI, Malay Arch., 160 fathoms.

Donatia andamanensis n. sp.

The single specimen affords several interesting points for considera-
tion. It is irregularly sub-spherical, about 3 cms. at the greatest dia-
meter and the surface presents a very uneven appearance. In its struc-
ture it bears a very striking resemblance to Donatia magnae (Kirkpatrick)
from the Natal Coast. The chief character by which the two species
may be distinguished is the complete absence of megasters in the present
species. For the rest, it has the same stout strongyloxea aggregated
into stout bundles, the same two kinds of micraster, the cribriform
pores, inter-cortical cavities, brown pigment cells and conulose surface
as Kirkpatrick’s species, features which as I have pointed out already
(Burton 1926), mark that species off from all other known species. The
pores in this species are microscopic as opposed to those of D. magna
which are quite conspicuous to the naked eye and usually from -5 to
1 mm. in diameter. ,

This sponge has compensated for the absencé of megasters in the
cortex by including in its substance a large number of sand grains and
foraminiferal shells.

The most interesting point, in my opinion, is the finding of a species
of Donatte in the Eastern Indian Ocean differing only in two slight details
viz.:—the absence of megasters and the small size of the pores, from
D. magna, a species well-characterised among the species of the genus
and localised on the Natal Coast of S. Africa.

Registered No., Locality, etc., XLIT, 2. Off Blair Point, Andamans,
112 fathoms.

(A detailed list of references to the literature will be published in the
second and final part of this work.) ‘
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INTRODUCTION.

The following paper contains an account of a consignment of worms
received some time ago from the Director of the Zoological Survey of
India ; T have included also a record of a few specimens’ sent me for
identification by the authorities of the British Museum, as well as of a
few which were kindly sent me by Prof. Gates of Rangoon and Mr. Senior-
White of Ceylon.

Of the structural peculiarities presented by these worms, by far the
most interesting is the presence of the curious tuft-like intestinal
glands of Drawida cacharensis ; such glands, in the form here described,
are I believe so far unique among the Oligochaeta.

Pheretima planata has recently been described by Gates (3). When
[ wrote the account which appears below, I had not received Gates’
p .per, and though, as will be seen from a comparison of the two accounts,
there can be no doubt of the identity of Gates’ worm and mine, I allow
my description to stand verbatim as I wrote it, believing that a second
and quite independent account of specimens from a different locality,
will supplement Gates’ description, and taken along with that will
perhaps give a completer knowledge of the species. I may add that
Gates is probably right in describing as a gland what I call the second
spermathecal diverticu'u n.

Michaelsen (4) has recently received from 8. India material which
allows the characters and position of the long doubtful genus Hoplo-
chaetella to be definitely established. Tt appears that my genus Eryth-
rae. drilus must now be merged in it ; and I have altered the names of
the worms I originally described as Erythraeodrilus khandalaensis and
E. mullani ascordingly.

Fam. NAIDIDAE
Genus Aulophorus Schmarda

Aulophorus furcatus (Oken)

Rangoon. Prof. G. E. Gates. A number of specimens.

Fam. TUBIFICIDAE
Genus Limnodrilus Clap.

Limnodrilus socialis Steph.

Rangoon. Prof. G. E. Gates. Numerous specimens along with the above.

Fam, MONILIGASTRIDAE
Genus Moniligaster E. Perr.

Moniligaster deshayesi E. Perr.

0. the way to Shenbagadevi Falls, Courtallam, Tinnevelly Dist., 8. India. 24.xi.24. H. 8.
Rao. A single specimen, in two pieces.

The worm appears to have undergone autotomy. I add a few notes
on certain features presented by the specimen.,
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Length 160 mm. ; diameter 6 mm. Colour a dark olive dorsally,
somewhat lighter ventrally. Segments 267 ; no secondary annulation.

Prostomium apparently absent.

I cannot see any indication of setae on the first three segments;
indeed the lateral setae appear to be absent from the first four.

The male pores, in furrow 10/11, are here equidistant between the
lines b and c.

The gizzards are five in number, in segms. xvi-xx ; that in xvi is
weaker than the others.

The testis sacs are of moderate size, and are very irregular in shape ;
they occupy segms. ix and x, and the sac on one side extends underneath
the dorsal portion of the ovarian chamber into segm. xii. The anterior
portion of the testis sacs is much cut up, while the posterior portion
constitutes a rounded bag.

The atrial glands are contained altogether in segm. vii; each is
divided into two distinct p rtions, each portion having its own narrow
duct ; the ducts of the two p .rtions join in a Y-like manner.

Genus Drawida Mich.

Drawida cacharensis sp. nov.

Katlicherra, S. Cachar, Assam. March 1925, 8. L. Hora. Several specimens.

Eaxternal Characters.

Length of one of the longest specimens 112 mm., others somewhat
shorter. Diameter 3-56 mm. Colour pale, no difference between dorsal
and ventral surfaces. Segms. 185 ; a slight biannulation in a number
of segments in the anterior part of the body behind the male apertures,

Prosto nium prolobous.

There appear to be no pervious dorsal pores ; but from furrow 15/16
(or in another specimen from 20 21) backwards, there are indications
of pores in the usual situations, more distinct in some specimens than’
in others. A careful examination was made from the inside of the body-
wall in one of the specimens in which the appearance of pores was best
marked ; their position was easily seen, but I could not make out that
there was an actual perforation.

The setae, small and closely paired, begin in segm. ii; the interval
aa is slightly less than, or n some parts equal to, bc ; dd is equal to half
the circumference.

The clitellum, indistinct in a number of specimens otherwise
apparently mature, extends over segms. x-xiii (=4) ; setae are present
on the clitellar segments.

The male pores are in furrow 10/11 on transversely elongated papillae
which project in varying degrees, and may almost present the appearance
of small penes; the middle of the papillae is midway between the lines
of setae b and c.

The female apertures are in furrow 11/12, in the line b.

The spermathecal pores are in 7/8, in or immediately below th .
line c.
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The majority of the specimens have no genital markings; some
however have a few whitish papillae, elongated—sometimes very con-
siderably—in a transverse direction, some larger than others, and in
various situations. Thus in one specimen the papillae were very indefinite,
paired, on segm. vii near the posterior border internal to the line of the
spermathecal apertures ; in another there were rather indefinite single
but not quite median papillae on segms. xii and xiil ; in a third, they
were paired as in the first example, and in addition there were paired
papillae on segm. viii behind the spermathecal apertures; in a fourth,
there was a pair of papillae on the posterior part of segm. ix between
the lines of the ventral and lateral setal bundles, and near the middle
of the same segment a single papilla, almost median in position.

Internal Anatomy.

Septa 5/6 and 6/7 are much thickened ; 7/8 is moderately strengthen-
ed, and 8/9 is also somewhat thickened.

The gizzards appear to be usually two in number. In the specimen
first dissected, they occupied segms. xiv and xv, but the septa in this
region were much pushed back, so that the hinder of the two gizzards
lay in the situation of segms. xviii and xix as delimited externally. In
a second specimen the gizzards were in segms. xvi and xvii, and there
was some thickening of the alimentary wall in xv also; while in a third
specimen there were three gizzards, in xv-xvii.

The intestine begins behind the gizzards. A curious appearance,
which I have not seen before, is presented by the dorsal surface of the
intestine in certain segments shortly behind its beginning. In segments
xx-xx1i1, and also, in two out of the three specimens dissected, in a less
marked degree in xxiv, smali tufts of fingerhike processes arise from the
dorsal surface of the intestine. The individual fingerlike processes are
whitish in colour, cylindrical, somewhat curved or coiled, and lie parallel,
side by side with the others in the tuft. The tufts are in pairs, one
tuft of each pair on either side of the dorsal vessel, and in a transverse
sense occupy most of the dorsal surface of the gut. Kach tuft arises
from and is limited to its own segment, except those of segm. xx ; these
latter consist of only a small number of processes, perhaps only of two,
on each side, which run backwards and appear to join the intestine in
xxi. In xxiv there are only three or four small progesses on each side ;
but in the other segments a tuft consists of about eight processes on each
side. Under the binocular dissecting microscope the processes seem
sometimes to be attached to the gut wall at both ends, thus forming an
arch ; or sometimes they seem to be attached to each other at their free
ends.

Under the dissecting microscope the processes have the appearance
of tubules; and accordingly 1 at first regarded the tufts as masses of
blood-vessels, until I made sections of the intestine in this region. In
sections, the apparent “ tubules’ are seen to be aggregates of gland-
tubes bound together by a delicate investment of connective tissue ;
traced to their connection with the intestine, the aggregate of gland-
tubes enters the dorsal intestinal wall, joining there in a common mass
with the other similar aggregates which together form the tuft. A
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number of the gland-tubes open-into the lumen of the gut in the dorsal
region ; but a number are continued downwards in the lateral wall of
the intestine, lying side by side, parallel and closely apposed, and opening
ultimately into the gut not far from the mid-ventral line.

The intestinal blood-sinus extends between the individual gland-
tubes in the gut wall, and the deeply staining (with eosin) blood may
also be seen filling up the spaces between the gland-tubes in the free
fingerlike processes.

The last hearts are in segm. ix.

The excretory system is meganephridial.

The testis sacs may be very asymmetrical. In the specimen first
dissected, they were not markedly so, having each of them a quarter
to a third of their bulk in segm. ix, and the rest in segm. x ; their form
was irregular, being moulded by the surrounding organs. In two other
specimens one of the sacs extended far backwards, passing underneath
the ovarian chamber and encroaching on segm. xii, or even reaching
the level of segm. xiii.

The vas deferens is relatively very bulky, and forms a close coil on
the hinder face of septum 9/10.

The prostates are relatively small, cylindrical, barely wider at the
ental end, slightly narrowed where they join the body-wall; they are
variously bent, into a semicircle or a U shaped loop, or into an S-shaped
double curve. The surface is smooth but neither papillose (““ glandular )
nor shining (“ muscular ). The vas deferens enters its ental end.

Segment xi constitutes a completely closed ovarian chamber—a
horseshoe-shaped tubular cavity over the dorsal surface of the intestine.

The ovisacs have an ovoid form, but their longer axis is, somewhat
unusually, transverse and not longitudinal ; they are moderately bulky,
and may be confined to segm. xii or may extend backwards to the level
of segm. xv (by pushing back septum 12/13). The connection with the
ovarian chamber is by a narrow neck on each side close to the middle
l1ne.

The spermathecal ampulla is small, and the duct, which lies on the
posterior face of septum 7/8, is narrow and sinuous. The atrium (fig. 1)
is a long irregular cylinder, or in anotheér specimen (fig. 2) an elongated
sac, narrowing and somewhat twisted near its ectal end, and bending
over the alimentary canal dorsally, where it -overlaps its fellow across
the middle line ; it is situated entirely in segm. vii, and is a much larger
organ than the ampulla with its duct. The spermathecal duct and
the atrium are separate up to their junction with the parietes, and pro-
bably therefore unite within the body-wall.

Remarks.

The present species comesnear D. papillifer, which has also been
found in Assam (Amingaon), as well as at Rangamati, Chittagong Hill
Tracts, Bengal.

Tubular intestinal glands, such as occur here in segms. Xx-xxiv, are
of very rare occurrenc: in the Oligochaeta. Somewhat similar structures
have been described by Beddard in Megascolex caeruleus (1), and in species
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of Eu yphoeus (2) ; but in these genera there are no projecting cylindrical
processes, the whole of the glandular tubules being contained within the
gut wall. In the present species the histological appearance suggests
the possibility of their being nephridial ; nephridia of the usual type
are however present in the same segments.

Drawida willsy Mich,

Puri, Orissa coast. 14-27.x.23. S. L. Hora and B. N. Chopra. A single specimen, in two
-pieces, probably not fully mature.

I subjoin a few notes on the present specimen of this interesting
species.

Ezx ernal Characers.

Length ca. 30 mm. (the posterior fragment is much curled) ; diameter
11 mm. Colour pale brownish, a little darker on the dorsal surface.

Segms. 165. ’
Prostomium perhaps prolobous (distorted, the buccal cavity being

protruded).

Setae closely paired, beginning in segm. ii; ae is a little less than
be, and dd is equal to half the circumference.

The clitellum is not developed.

The male pores, two pairs, in furrows 9/10 and 10/11, are in or
immediately outside the line of setae b. The female and spermathecal
apertures are not visible, but from internal examination the latter lie

in the line of setae ab.

Internal Anatomy.

Septum 5,6 is somewhat strengthened, 6,7 is moderately, 7,8 and 8,9
considerably thickened for so small a worm.

There are two gizzards, in xiii and xiv, the first rather smaller than
the other ; the alimentary tube is slightly strengthened in xii also.

The testis sacs, of relatively considerable size, occupy and fill out
segms. ix and X, the larger part of each sac being in x ; they are scarcely
constricted by the septum. Each prostate, of which there are two pairs,
in segms. ix and X, ;s a shortly rectangular mass with a soft surface,
attached to the body-wall by one of its small ends; the vas deferens
joins it half way up its anterior face ; the prostates in segm. ix are
smaller than those in x.

An ovarian chamber is present; the anterior and posterior walls
apparently meet just about where they join the parietes, and in the
dissection can be separated by introducing a fine needle between them.
The ovisacs are small, narrow, and cylindrical ; they are confined to
segm. xii, but probably they are not fully developed in the present
specimen,

The spermathecal ampullae are very small ; probably they also are
not fully developed. The atrium is a simple short cylinder, extending
(in the position of dissection) obliquely upwards and outwards in the
segment ; it is contained in segm. vii, and is joined by the spermathecal
duct near its base.
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Drawida pellucida (A. G. Bourne) var. raoi var. nov.

Terkumalai, Courtal'am, Tinnevelly Dist. 27.X.24. H. S. Rao. A single specimen, much
damaged near the anterior end.

External Characters.

Length 70 mm. ; diameter 4 mm. Colour a dirty mottled light olive
green, much the same on both dorsal and ventral surfaces. Segms.
240, mostly very short ; ix, x, and xi are triannular, xii and xiii biannular.

The prostomium is prolobous.

Dorsal pores are absent.

The setae are closely paired, and are small, especially on the anterior
segments ; none are visible on segm. ii, and on some of the following
segments they are only to be distinguished with difficulty. The interval
aa=} be, or is even less than this near the hinder end ; dd is equal to half
the circumference.

The clitellum is scarcely distinguishable ; it may perhaps include
segms. x-xiv (=5), though this would be one segment more than is usual
in the genus.

The male apertures are in furrow 10/11, between the lines of setae
b and ¢, though nearer to ¢ ; on the left side of the single specimen the
poxl-f is bounded by anterior and posterior swollen lips, but not on the
right.

The female pores are not visible.

The spermathecal pores are in furrow 7/8, in or perhaps just below
the line of setae cd.

Internal Anatomy.

Septum 5/6 is moderately, and 6,7, 7/8 and 8,9 considerably thickened.
The gizzards are four in number, but it is impossible to be certain
which segments they occupy, on account of the damage which this part
of the worm has suffered. Since the ovisacs lie alongside the two anteriox
gizzards, the gizzards segments are perhaps xii-xv, or it may be xiii-xvi.

The last hearts are in segm. ix.

The excretory system is meganephridial.

The testis sacs have unfortunately disappeared in the damage done
to the specimen. The vas deferens forms a small or moderate sized coil
in segm. x, and enters the prostate on its antero-lateral aspect.

The prostate is almost accurately hemispherical, sessile on the body-
wall, soft and smooth, not shining (*“ muscular’) nor yet papillose
(“‘ glandular 7).

I think there is not an annular ovarian chamber, but I cannot be
certain, owing to the condition of the parts. The ovisacs are slender,
and rather long, extending through two segments at least.

The spermathecal ampulla is an ovoid sac which almost touches its
fellow in the middle line. The duct is coiled on the hinder face of septum
7/8 ; the last portion is almost straight, and enters the middle of the
upper surface of the atrium. The atrium is situated in segm. viii, in the
line of setae cd ; it is hemispherical in shape, and sessile ; it appears
as a bulging of the end of the spermathecal duct, and, considered as

E
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such, is of some size ; it is not by any means embedded in the body-wall
(as in one or more of the other varieties of the species), but forms a cons-
picuous organ in segm., viii, fully half the diameter of the prostate.

Remarks.

The special characters of the present variety are the small extent of
the setal interval aa, and the relatively large size of the spermathecal
atrium ; ae being smaller (relatively to bc), and the spermathecal
atrium larger, than in any of the other forms included in the species.

Fam, MEGASCOLECIDAE
Subfam. MEGASCOLECINAE
Genus Megascolex Templeton

Megascolex mauritii (Kinb.)
Bombay. Sept. 1924. J. P. Mullan. Five specimens.

Genus Pheretima Kinb.

Pheretima elongata (E. Perr.)
Bombay. Dr. A. Powell. Two specimens. (Br. Mus.).

Pheretima hawayana (Rosa)

Lahore. April 1923, J. P. Mullan. A number of specimens, in a bad state of preservation
Bombay. Sept. 1924. J. P. Mullan. Two specimens.

Pheretima planata Gates
Katlicherra, S. Cachar, Assam, March 1925. S. L. Hora. Two specimens,

Lzternal Characters.

Length of the larger specimen; which is the one on which the descrip-
tion is based, 235 mm.; diameter 5 mm. Colour slaty dorsally and
anteriorly, lighter posteriorly, pale ventrally. Segms. 141 ; secondary
annulation from segm. vi to the clitellum, brought about by the marking
off of the setal zone as a continuous circular ridge ; some segments may
be further subdivided. The second specimen was much smaller,—
length 113 mm., average diameter 4 mm., segms, 102.

Prostomium in the larger specimen epilobous %, broad from side to
side, short antero-posteriorly. In the smaller specimen ther¢ are in
addition grooves, very like other numerous small longitudinal wrinkles
on segm. i, which prolong back the prostomium as a tongue, so that it
might here be described as epilobous % ; in addition, there is a median
groove on the dorsum of the prostomium and its tongue.

Dorsal pores begin in furrow 11/12.

Setae-in rings ; the dorsal and ventral breaks are absent as a rule,
though occasionally there is an interval of about 1}ab or 1}yz. The
setae arc not markedly closer set dorsally or ventrally. The following
numbers were counted :—ca. 67/v, ca. 76/ix, 73/xii, 64/xix, and 51 in
the middle of the body.
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The clitellum occupies segms. xiv-xvi (=3); there are no setae or
dorsal pores, but a number of small pale tubercles are visible on it, perhaps
accidental.

The male apertures, on segm. xviii, are of large size, with puckered
lips, in the setal zone, and about one-third of the circumference apart ;
there are 8 setae ventrally between the apertures, but the setae do not
extend over the whole of the interval. In the second specimen the
copulatory sacs are everted to form short cylindrical projections, about
as high as broad ; the exposed surface of each sac is marked with closely
set small papillae, 10 on one side and 12 on the other, on each of which
is a minute pore ; the appearance of the whole is somewhat cauliflower-
like.

The female pore is single, minute, on segm. Xiv apparently about
the middle of its length.

The spermathecal apertures are two pairs, in furrows 6/7 and 7/8,
about in the lateral line,

There are no genital markings.

Internal Anatomy.

Septum 4/5 is slightly strengthened, 5/6, 6,7 and 7/8 considerably
so ; the mext is 10/11, which is somewhat thickened, as is also 11/12;
12/13 is slightly strengthened.

The subspherical gizzard is situated between septa 7,/8 and 10/11.
The beginning of the intestine is indefinite. The caeca originate in
segm. xxvii, and are smooth and short, extending forwards only into
XXV,

There are small segmentally distributed lymph glands, in pairs, at
the sides of the dorsal vessel on the intestine, from segm. xxii backwaxrds.
The last hearts are in segm. xiii. No blood glands, such as occur,
for example, in P. posthuma, hawayana, and heterochaeta (6), are to be
seen in segms. iv-vi.
“The micronephridia are numerous, small and scattered. There are
nephridial tufts, as usual, in segms. iv, v, and vi.

The testis sacs, in segms. x and xi, do not, according to a dissection
from the ventral surface, communicate with each other, neither with
the one'in front or behind, nor with their fellows across the middle line.
The seminal vesicles, in segms. xi and xii, are of moderafe size, and only
slightly lobed.

The prostates are large, occupying segms. xvi-xx or xvii-xxi, and
‘much cut up into lobes. The duct is curved like the letter C or 8, shining,
a little wider in the middle of its length, and rather narrower at the two
ends. There is a well marked copulatory sac.

“ Accessory prostates ”’ are present, as a group of four or five closely
set mushroom-shaped glands in front of, and a similar group behind,
each copulatory sac; they are thus situated in segms. xvii and xix,—
sometimes partly in xviii. The stem of each mushroom-shaped gland
is distinctly made up of a number of separate strands ; the glands open
into the copulatory sac, the stems running respectively forwards and
hackwards ; from internal inspection it might appear that some of the

E 2
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glands perhaps open not into the sac but in its immediate neighbour-
hood, though in the specimen in which the sacs are everted, all the pores
appear to be on the free end of the evaginated organ.

In the situation of the ovaries are two organs which look much more
like accessory seminal vesicles than ovaries; they are not fanlike, and
no ova are distinguishable ; on the contrary they are round, compact,
and somewhat flattened against the septum, on which they are sessile,
attached by a broad base. But on teasing a portion of one of these organs
and examining it microscopically, ova were found in the mass.

The spermathecal ampulla (fig. 8) is pearshaped, the narrow end
being continued into a duct, which is narrow, cylindrical, about as long
as the sac, and very s]jghtly shiny in its ectal portion. There are two
diverticula ; one of these is long —as long as the duct and ampulla
together, cyl ndrical on the whole, the ental portion rather irregular
in contour, the ectal third or two-fiftths smoothly rounded and shining,
rather narrower than the portion above it, and discharging into the
spermathecal duct close to where the latter joins the body-wall. The
second diverticulum is half as long as the other, or about equal in length
to the duct of the main spermathecal sac; it is similar in form to the
main pouch with its duct, and is attached to the body-wall close to the
extremity of the latter.

Pheretima insolita Gates
w 1 179

Rangoon, 1924, G. E, Gates, A single specimen (Labelled Pherctima ? cotype.)

Pheretima posthuma (L. Vaill.)
Bombay., Dr. A. Powell. Three specimens. (Br. Mus.)

Genus Perionyx E. Perr.

Perionyx excavatus E, Perr.

Almora Dist.. U. P. Sta. 2. J. N. and D. N. Bagchi. Seven specimens.
Katlicherra, S, Cachar, Assam. Mar, 1925. S. L. Hora. Numerous specimens.

Perionyx sp.
Lonavla, Bombay Pres. Aug. 1924, S. L. Hora. Numerous specimens.

These small worms were all immature ; they may very- possibly also
have been P. exzavatus.

Perionyx sansibaricus Mich.

In the roots of grass at the shore of a rocky stream at Kapurwala (Poona, Wai Road).
Sept. 1924. S. L. Hora. A single specimen.

The tongue of the prostomium is V-shaped, the point of the V
reaching back halfway through segment i; there is a slight longitudinal
groove on the tongue.

The dorsal pores begin very far forward,—in furrow 1/2.

The identification was made after examining internally the charac-
teristic nephridia, along with the spermathecae.
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Subfam. OCTOCHAETINAE

Genus Octochaetus Bedd.
QOctochaetus (Octochaetoides) fermori Mich.

Bombay Sept. 1924. J. P. Mullan. A single specimen, sexually mature.

Octochaetus (Octochaetoides) roseus sp. nov.

Secunderabad, Deccan. October 1923. J. P. Mullan. Numerous specimens, mostly
mature.

External Characters.

The length varies much, the longer specimens being 200-210 mm:.,
the shorter 125-130 mm. ; one fully mature, measured only 52 mm.
In this last specimen there were no signs of damage or regeneration at
the hinder end, though it would be difficult to be certain that no damage
had ever been sustained. Diameter 43 mm. Colour (in the preserved
state) a p nkish brown; no difference between dorsal and ventral
surfaces ; clitellum purplish. Segms. of one of the longer worms 246 ;
secondary annulation present in the anterior part of the body, segm.
iv being biannular, v triannular, vi-xii with four annuli, or sometimes a
fifth is .ndicated.

Prostomium epilobous 2, glmost tanylobous; tongue -narrower in
front, where it is crossed by a transverse groove.

The first dorsal pore is in furrow 12/13, at the anterior border of the
clitellum ; pores are either absent or only faintly indicated on the clite-
llum,

The setae are paired ; in front of segm. viii they are very small.
There appear to be considerable variations in the intersetal ratios ;
in the anterior and middle parts of the body ab=%aa=}bc or a little
more=%— c¢d; in the  posterior region ab=}aa=}—2be
=3cd ; dd=+% or sometimes 2 of the circumference; but in general
the intervals are irregular.

The clitellum includes segms. xiii-xvii (=5). It is sharply limited
at each end, swollen, purple in colour, and the setae are distinguishable.

The male field is rectangular with rounded corhers, and includes
the posterior third of segm. xvi, the anterior third of xx, and the inter-
mediate segments; in breadth it extends between the lines of setae c.
It i, limited by a rounded lip. On this area are two deep transverse
depressions or transversely elongated pits, expanded in their lateral
portions, and separated from each other by a transverse ridge ; the pits
occupy approximately the situation of segms. xvii and xix, the ridge
that of xviii. The ridge separating the trenches may also be —indeed
usuzlly 1s—sunk below the general level of the surface, the trenches of
course being : unk deeper still.

The prostatie peres are in line with setae b (or between @ and b ?) ;
the sem nal grooves are approximately straight.

The female pores are paired, in a transversely oval whitish patch
which takes up the anterior half of segm. xiv in the midventral region ;
the apertures are seated a little anterior and internal to setae a.
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The spermathecal pores are two pairs, on small papillae which are
situated on segms. viii and ix near their anterior borders ; to be precise,
the papillae are on the first of the interannular grooves of these segments,
and each takes up approximately the space between the lines @ and b.
The pores have the form of transverse slits extending across the surface
of the papillae.

Behind the pores on each of these segments is a lighter area, much
‘and rather irregularly swollen; each area extends backwards to the
hinder border of the segment, and outwards on each side to the line of
seta ¢. These swollen areas are always lighter in colour, and very defini-
tely limited~—definite large, papillae, in fact. They are however
variable :—(a) in one specimen, the posterior of the two is very
slightly marked ; (b) sometimes there are indications of each area being
composed of two halves, united in the middle line ; (¢).in one specimen
there is also a swollen patch on the right side of segm. xi (not x), which
occupies the whole length of the segment; (d) in one, there is a la-ge
pad on x which occupies the whole length of the segment ; (¢) in one,
there is a pad on one side only of segm. x.

In addition, the area in front of the pores, as far as the anterior border
of the segment, may be slightly swollen. Setae ¢ and b of segms. viii
and ix are not distinguishable.

- Internal Anatomy.

Septum 5/6 is much thickened ; the next is 7/8, which is moderately
strengthened ; septa 8/9—11/12 are all much thickened, 12/13 somewhat
so, and the rest are thin.

The ovoid and elongated gizzard is in the space between septa 5/6
and 7/8,—perhaps morphologically in segm. vi, since there are two pairs
of vascular commissures between it and septum 7/8 (z.e., these would
be the commissures belonging to segms. vi and vii). The calciferous
glands are large and rounded ; they are situated dorso-laterally, meeting
in the mid-dorsal line ; they are symmetrically placed, apparently in
segm. xvi; septum 15/ 16 is however vestigial, and exists only as a small
low transverse lamina on the parietes. The intestine swells out behind
the prostates.

The last hearts are in segm. xiii.

The excretory system is micronephric; in the anterior part of the
body there are a very large number of very small nephridia on the body-
wall ; towards the hinder end the nephridia are difficult to distinguish,
but none seem to be enlarged. Nephridial tufts lie over the hinder end
of the pharynx in segm. v,

Testes and funnels are free in segms, x and xi. Large seminal vesicles
arc present in ix and xii, those in ix being cut up into large lobes, those
In xii into small lobules.

The tubular prostates are two pairs, their coils closely adpressed ;
together they occupy segms. xvii—xx. The duct of each begins suddenly,
is narrow and of the same diameter throughout, irregularly coiled or
looped, and shining.

The female organs occupy the usual situation,
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The spermathecae (fig. 4) are two pairs; the ampulla is saclike,
irregular in outline, and narrows ectally to form a short duct only a
fraction of the length of the sac. The single diverticulum is fully as
large as the ampulla ; its sperm-holding portion is approximately oval
in form, with slightly lobed surface and margin; its duect is as long as
the lobed portion and about two-thirds or three-quarters as wide.

The penial setae (fig. 5) are 1-6 to 2 mm. long, usually with a gentle
simple curve ; a few seem to be slightly recurved near the tip. They
taper very g:ntly throughout their length, their diameter being 28y at
the middle, 20 near the tip. They are smooth and without ornamenta-
tion ; the tip is slightly expanded and flattened, 28p. wide, bluntly pointed
and perhaps faintly hollowed (spoonshaped).

The copulatory setae of the spermathecal region (fig. 6) are 1 to 1-1
mm. in length and 22y in thickness, slightly bowed in the distal portion,
and a little bent also at the proximal end. The tip is somewhat bluntly
pointed, but not clawed ; the distal third of the seta except the extreme
tip is ornamented with several series of toothed ridges, each ridge some-
what semicircular in shape with the concavity towards the tip; two
longitudinal series of such ridges are visible as the seta lies on its side,
or perhaps three near the tip.

Remarks.

The external markings are strongly reminiscent of O. paliensis, bub
the size, spermathecae, and penial and copulatory setae differ consider-
ably.

The copulatory setae resemble those of O. praskadi; and here, too,
the male field has some resemblance ; the size, spermathecae, and penial
setae howeve: establish a clear distinction.

Genus Eudichogaster Mich.

Eudichogaster matheranensis Steph.

Lonavla, Bombay Pres. August 1924. S. L. Hora. Numerous specimens.

As this is only the second time that examples of this species have
been submitted to examination, I add a few notes by way of supple-
menting my original description (5).

Length of three specimens 76, 80 and 93 mm. ; maximum diameter
3 mm. Colour pale the same on both dorsal and ventral surfaces.
Segms. of the longest specimen*240; a faint secondary annulation on
segm. vi, well marked on vii; three or four annuli on viii, five on ix,
three or four on x, three on xi.

Prostomium tanylobous or very nearly so, with or without a trans-
verse groove near the middle of the length of the tongue.

The setal intervals were estimated as follows :—Behind the male
genital area and further back ab=3}—}aa=3}bo=*%cd; towards the
anterior end ab=2aa=3%bc=3%cd (i.c., the lateral setae are here
not paired) ; dd is equal to about 4 of the circumference.

The clitellum is not well marked ; it seems to begin on segm. xii,
but its hinder end is very indefinite,—it might perhaps (as I thought
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in my former specimens) be at xviii, or it might equally well be at xxvi,
or even behind xxx.

The genital ‘markings were found in five specimens, in the setal zones
of segms. ix-xi, ix-xii, or ix-xiil.

The condition of the septa in the anterior part of the body seems
to be as follows (the description differs from my previous one) :—4/5 is
moderately strengthened, 5/6 extremely tenuous, /7 absent ; 7/8 is thin,
and displaced backwards half a segment, 8,9 is moderately thickened, and
at its attachment to the dorsal parietes is displaced a whole segment
backwards ; 9/10 is considerably thickened, and is displaced backwards
almost a whole segment; 10/11 is moderately thickened and displaced
backwards half a segment ; 11/12 is slightly thickened and has its normal
position. The rest are thin.

The gizzards are, as before, in segms. vi and vii ; there is a constric-
tion between them, but no softer portion of the oesophagus, and no
septum.

The last heart was in segm. xii on one side, and in xiii on the other.

Seminal vesicles were not present in the specimen dissected, which
also in other ways (absence of recognizable testes and ovaries) appearedf
not to have reached, or proba,bly to have passed, sexual maturity.
There was however a small ovisac contammg an opaque white mass,
presumably ova, on the right side in segm. xiv.

The penial setae were distinctive of the species.

Genus Eutyphoeus Mich.

Eutyphoeus assamensis sp. nov.

Katlicherra, S. Cachar, Assam. March 1925. S. L. Hora. A number of specimens.

External Character

Length of three examples 185, 200, 245 mm.; diameter 4 mm.
Colour a nondescript greyish, rather darker in the anterior part of the
animal. Segms (of the longest of the above three specimens) 255 ;
segm. vi is biannular, vii triannular, viii has four, ix-xi five, and xii-xiii
three or four annuli.

The prostomium is of a combined prolobous and tanylobous form,
but is somewhat variable; there are nimerous longitudinal grooves
or wrinklings on segm. i.

The dorsal pores begin in furrow 11/12.

The setae are palred in the middle of the body ab=42aa=2bc=%cd ;
behind the geni al region ab=1aa=%}—4bc=2—3}cd ; dd is a little more
than half the circumference. Setae are indis: mgulshable on the first
four segments, and not all seem to be present on v or vi,—on valse they
may be altogether indistinguishable.

The clitellum extends over 3xili—xvii (=44), but it is not well marked
in any of the speeimens. Setae and dorsal peres are presint; there is
no great thickening of the body-wall, and its limits are rather indefinite,
espec zlly posteriorly.

The male pores are on segm. xvii, a little outside the line of seta>
b, with somewhat puckered margins ; penial setae are seen Projecting,
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Ordinarily the region between the pores forms a slightly sunk trans-
versely extended area which occupies the greater part of the length of
the segment (xvii); but in the most strongly characterized examples
this depression is exaggerated, and at its lateral extremities, further
out than and embracing the male pores, and even rather overhanging
them, are a pair of raised thick semicircular or horseshoe-shaped lips, with
their concavities facing inwards; the anterior and posterior limbs of
each semicircle are continued inwards towards the middle line to within
the line of setae a.

The female pores are inconspicuous, paired, situated just in front of
setae @ of segm. xiv.

The spermathecal apert:res are one pair, fairly conspicuous, with
tumid lips, in furrow 7/8, just outside the line of setae b.

There is a pair of genital papillae over the site of furrow 16/17, slightly
raised, with flat surface, oval or round s) in shape, taking up the interval
between the lines @ and b and extending outwards beyond the line b as
far as @ is internal to it,—t.e., the centre of the papilla is in the line 5.
In specimens which show the horseshoe-shaped lips on segm. xvii the
papillae are indistinct, being coincident with the inner end of the anterior
limb of the horseshoe.

Internal Anatomy.

Septum 4/5 is considerably thickened, 5/6 is excessively thick and
strong ; the next is 8/9, which is somewhat strengthened and displaced
backwards into segm. x (as externally delimited); 9/10 is of similar
thickness, and is situated at the level of furrow 10/11 ; 10/11, similarly
strengthened, is somewhat in front of furrow 11/12. The rest are thin;
11/12 is present as a distinct septum.

The gizzard is situated in the space between septa 5/6 and 8/9; there
are two transverse vascular commissures behind it in front of septum
8/9, so that it is probably morphologically in segm. vii. The calciferous
glands, n segm. xii, constitute, as usual, a p>r of ovoid swellings not se:
off from the gut. The intestine begins in xv.

The last hearts are in segm. xiii ; those of segm. xi run freely in th
segment (in many speci s they are bound down to the neighbourhood
of the gut by dense connective tissue). The dorsal vessel ends behind
the gizzard.

The micronephridia are few and irregularly scattered in the anter or
segments, more numerous and in segmental rows in the segments of the
clitellam. Behind this the nephridia are arranged in each segment as a
transverse row of three or four close behind the septum, and in addition,
at the inner end of the row, a small group of four to six ; this group
occupies approximately the region of ‘the body-wall which corresponds
to the setal interval bc, while the row of three or four micronephridia
is dors:l to this.

T.stis sacs are present in segm. xi. There is a pair of seminal vesicles,
confincd to segm. xii, of moderate size, and scarcely lobed.

The tubular prostates, of moderate size, extend backwards to segm.
xxii, and are constituted of a not very regular series of apposed loops.
The duct has almost the same diameter as the gland ; it forms a cylindrica}
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shining irregularly twisted tube of some length. The vas deferens comes
round the outer side of the end of the prostatic duct, and swells out into
a terminal bulb posterior to and separate from the latter.

The female organs have the usual situation.

The spermathecal ampulla (ig. 7) is ovoid, with its long axis antero-
posterior ; the duct, situated in the middle of the under surface of the
organ, is very short and stout. There are two very small diverticula,
each shortly cylindrical, attached to the ]unctlon of duct and ampulla,
one on the outer side of the organ, the other on its hinder aspect and
slightly towards the inner side.

The penial setae (figs. 8, 9) are 2 mm, in length, and have a thickness
at their middle of 40p. They are somewhat sickle-shaped, the distal
two-thirds of their length forming a wide bow-like curve ; but the seta
does not lie in one plane. The tip is blunt, flattened, and a little
expanded ; it may be as much as 50p in width, but is usually less. The
distal end, practically to the extreme tip, shows very numerous short
rows of teeth or points,—or perhaps only minute dot-like sculpturings,

Remarks.

In most species of this genus there exists a peculiar modification of
septum 11/ 12 ; it is replaced by a mass of dense connective tissue investing
the gut, in which are embedded the hearts of segm. xi ; these latter lie
deeper than usual, and are not seen unless speclally lald bare. In the
present species however the septum, though thin, is definitely present
in the normal manner, and the hearts of segm. xi also have the normal
relations,

Eutyphoeus gammiei (Bedd.)

Katlicherra, S. Cachar, Assam. March 1925. S. L. Hora. Five spécimens sexually mature
one not fully mature.

I noted the situation of the genital markings in these specimens of
this variable species. They were present in all five sexually mature
specimens in the situation of furrows 13/14 and 19/20, in 20/21 in three,
in 10/11 in one, in 21/22 in one. The spermathecal diverticula were
10 in number, and formed a collar round two-thirds of the periphery
of the organ at the level of the junction of duct and ampulla.

Eutyphoeus masoni (A. G. Bourne)
Ballygunge, Calcutta. 18 ix. 1924. R. Hodgart. A single large specimen.

I subjoin a few notes on certain of the external characters.

The length is 265 mm., and the maximum diameter 8 mm. In colour
the specimen is a light brown ; there is little difference between dorsal
and ventral surfaces ; a dusky purple tinge however is present dorsally
behind the clitellum, soon narrowing to a dark mid-dorsal stripe.

The dorsal pores begin in furrow 11/12

The male apertures are represented by deep pits, not grooves, on
segm. Xvii, in line with setae ab, but transgressing these lines both intern-
ally and externally ; the lips of the pits overhang, except at the antero-
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internal portion of their circumference. Penial setae are seen within
the pits.

The single female pore is just in front of seta a on the left side of segm.
Xiv.

The genital markings, spermathecae, and penial seta~ are distinctive
of the species.

Eutyphoeus nicholsoni (Bedd.)
Cawnpore. Sept. 1924. J. P. Mullan. Several specimens,

Eutyphoeus waltoni Mich.
Cawnpore. Sept. 1924, J. P. Mullan. Two specimens.

Genus Hoplochaetella Mich.
Hoplochaetella khandalaensis (Steph.) f. typica.

Lonavla, Bombay Pres. August 1924, S. L. Hora, Numerous specimens,
Pombay. Three specimens. A Powell. (Br. Mus.)

The prostomium may or may not have a transverse groove across
the tongue.

There may be a faint and very indefinite swelling in the midventral
line on each side of furrow 7/8, partially (but only partially) obscuring
the furrow in this situation.

In the specimens from Bombay the most mesially situated setae
on the ventral surface of segm. vii (setae ab, or in one specimen abc)
are displaced forwards and seated on small papillae.

f. dichordarius Steph.
Mahableshwar, Bombay Pres. August 1924, J. P. Mullan. Three specimens,

Hoplochaetella mullani (Steph.)
Lonavla, Bombay Pres. August 1924. KS. L. Hora, Numerous specimens.

From an examination of a number of these specimens it appears
that the prostomium is variable ; thus it may be epilobous 3 with a
faint transverse groove near the anterior end of the tongue ; or it may
be almost tanylobous (epilobous $§) without transverse groove; or
epilobous 1 with well marked groove.

The papilla and pore of the accessory prostate varies in position.
Thus it may be on the anterior half of segm. xviii on either the left or
the right side, just outside the line of the male papillae ; or there may
be a pore on both sides, almost in line with the male papillae ; or the
pore may be on the anterior half of xvii or of xix, on the left side, imme-
diately outside the line of the male papillae; or on the left side of xvii
but in the setal zone,—outside and in the same transverse line as the
male papilla. A distinction from H. khandalaensis however is that
here the accessory pore is never median.
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The posmon of the spermathecal pores also dlstmgulshes the species.
The two pairs are here quite constantly on segms. viii and ix respectively
(not both pairs on viii).

There is a large blood-vessel on each side in segm. xiv ; in my pre-
vious accounts of this and other species of the genus, I have varied in
my opinion as to whether this vessel is or is not to be reckoned as a heart.
Tts mode of origin and course do not quite correspond to those of the
hearts, and I think it is better to dissociate it from these latter.

In add.t:on to the mega-and micronephridia previously described,
there is a pair of tufted nephridia in segm. v.

In the specimen which I dissected there was in segm. x a pair of small
seminal vesicles cut up into small lobules. These were not present in
my original examples of the species.

One of the present specimens showed externally (v. sup.) a pair of
additional prostatic pores (instead of a single one, as usual) ; these were
situated on segm. xviii, almost in line with the true prostatic pores on
xvii and xix. The specimen was opened ; it showed on the right side
three prostates of the ordinary form, all rather small, especially the
middle one, and.all three with soft glandular cushions (a second type of
accessory prostate) lying against their ectal ends, as described in my
previous paper (5). On the left side there were the two prostates of
ordinary form belonging to segms. xvii and xix, and between them an
accessory prostate of the sausage-shaped type. The seminal vesicles
in segm. ix were here of fair size, as was also that on the left side in

ii ; there was a small vesicle on the right side in xii, and also a small
vesicle on the same side in x; but there was none on the left side in x,

Subfam. DIPLOCARDIINAE

Genus Dichogaster Bedd.
Dichogaster bolaui (Mich.)

Terkumalai, Courtallam, Tinnevelly Dist. 27. x. 24. H. S. Rao: Two specimens.

Fam. LUMBRICIDAE
Subfam. GLOSSOSCOLECINAE
Genus Pontoscolex Schmarda

Pontoscolex corethrurus (Fr. Miill.)
Suduganga, Ceylon ; in flower-pot earth. 8. xii, 24. R. Senior-White. Two speci-

mens.
Bombay. Sept. 1924. J. P. Mullan. A single specimen.

Subfam. LUMBRICINAE
Genus Allolobophora Eisen

Allolobophora (Allolobophora) caliginosa (Sav.) subsp. trapezoides
(Ant. Dug.)

Almora Dist., U. P.; Sta. 3. J. N. and D. N. Bagchi. Numerous specimens. in a bag
state of preservatjon, )
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Allolobophora (Bimastus) constricta Rosa

Almora Dist, U. P.: Sta. 2. J. N. and D. N. Bagchi. Two specimens,
Almora Dist. U. P.; Sta. 3. J. N. and D, N, Bagchi. A single specimen.

The specimens from Sta. 2 may perhaps represent a separate variety.
The prostomium is epilobous 3}, the tongue being cut off behind. The
clitellum includes segms. xxvi (part or all) to xxxi, and the walls, or
ridges of puberty (not very distinct) extend through segms. xxvii—xxx,
or possibly are even coextensive with the clitellum. The worms are
small, one being 32 mm. long and 2-5 mm. in diameter (maximum 3 mm.),
with 92 segms. ; the colour is brownish, with little difference between
the dorsal and ventral surfaces.

The specimen from Sta. 3 has a prolobous or proepilobous pros-
tomium ; the clitellum includes segms. xxvi—jxxxi (present on the
dorsal side only in xxxii), and the ridges of puberty extend through
xxviii-xxX,
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EXPLANATION OF PLATE XIII.

Drawida cacharensis ; spermathecal atrium, w.th d., end -of
spermathecal duct.

The same ; another specimen.

Pheretima planata ; spermatheca.

Octochaetus (Octochaetoides) roseus ; spermatheca.

The same ; penial seta,x 250.

The same ; copilatory seta, X 360.

Eutyphoeus assamensis ; spermatheca, from its outer side,

The same ; penial setae, X 37.

The same ; distal end of penial seta more highly magnified
(X 240).
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A STUDY OF LITHOTRYA NICOBARICA REINHARDT

By Major R. B. Seymour SeweLL, I.M.S., F.A.8.B., F:L.S., F.Z.S.,
Director, Zoological Survey of India.

The genus Lithotrya comprises a small group of Cirripedes, that live
almost exclusively in tropical waters and are of particular interest to
the carcinologist, partly by reason of their rarity and partly because the
genus, unlike most other Pedunculate Cirripedes, has adopted the
cryptozoic habit of forming burrows, in which the animal lives and is
protected from its enemies.

Up to the present time eight species have been described, all of which
exhibit this peculiarity of habitat, though the medium in which the
burrows are made is not alway8 identical. Lithotrya cauta Darwin,
which is known from a single small specimen having a length of only
0-5 mm., was discovered lodged in a Conia shell, and L. valentiana (Gray)
has only been taken from the valves of an oyster : but with these excep-
tions, all other members of the genus form burrows in either coral and
coral-conglomerate or in solid limestone rock. In this connection it is
interesting to note that it is the eastern species, namely L. nicobarica
Reinhardt, L. pacifica Borradaile, L. conica Hoek, and L. truncata Q. and
G. that have their habitat in coral or coral-conglomerate, occurring
either in coral masses on the margin of a reef or in dead and sub-fossil
coral blocks in a coral-gonglomerate : the western species, L. dorsalis
Sowerby, forms its hburrows in solid limestone rock ; but here also the two
varieties of this species that have been described from eastern waters by
Borradaile, namely var. maldivensts and var. rugata, were both taken in
coral rock over-hanging the reef margin. ‘

In the Table below I give a list of the various species known and
have added the regions from which they have up to the present time
been obtained :—

SPECIES. DISTRIBUTION.

. Lithotrya nicobarica The islands of Timor, Lucipara, and Kur
in the Malay Archipelago : Great Nicobar
Island and Kachal Island in the Nicobars.
2. Litholrya truncaia The island of Timor in the Malay Avrchi-
pelago; the Friendly Archipelago and
the Philippine Islands in the western
Pacific Ccean.

—

3. Litholrya consca The Islands of Kur and Lucipara in the
Malay Archipelago.
4. Lithotrya pacifica The Atoll of Funafuti and the Island of
Lombok in the Malay Axchipelago.
5. Lithotrya cauta New South Wales,
6. Lithotrya valentiana The Red Sea and Zanzibar.
7. Lathotrya dorsalis Barbadoes, Venezuela and Honduras.
» »  var. maldivensis } Tne Maldive Archipelago.
”» 2 var. rugate
8. Lithotrya rhodiopus The Atoll of IFunafuti.
[ 269 )
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A study of this Table clearly indicates that the centre of distribution
of the genus lies in the region of the Malay Archipelago and the western
side of the Pacific Ocean, and the genus appears to have spread from this
centre to the Philippines, New Zealand and New South Wales on the
east, and to the Red Sea and the east coast of Africa and finally to the
western side of the Atlantic Ocean on the west.

The features, which have hitherto been utilised for the purpose of
distinguishing these so-called species, are for the most part those of the
external characters only, since as a rule so few specimens were obtained
that none could be spared for dissection and the examination of the soft
parts. The characters, on which the specific determination of the
so-called species in the genus Lithotrya is based, are as follows :—

1. The general shape of the Capitellum, and the relative heights and
shapes of the individual valves and the degree to which they
overlap each other.

2. The width and curvature (s.c., concave or convex) of the inner
aspect of the Carina, and the degree of development of a
crest or ridge on its inner aspect.

3. The height of the Latera and the number of calcareous scales on
the peduncle that correspond to them and to the rostrum.

4. The size and distribution of the chitinous teeth along the margins

of the laminae of the valves.

The shape and size of the calcareous scales on the peduncle.

The character of the fixation plate, whether flat or of a cup-like
nature.

The number of segments in the various cirri.

The character of the mouth parts, and, particularly the number
of denticles between the 1st and 2nd, and 2nd and 3rd teeth
of the mandible, and the distances between the 1st and 2nd
teeth and between the 2nd tooth and the inferior angle.

9. The length of the caudal appendage in comparison with the

pedicel of the 6th cirrus.

Annandale (1911, p. 230) has pointed out that in other Cirripedes,
namely in the genus Ibla, the determination of the so-called species,
based as it is on shell characters, is probably unreliable, and Borradaile
(1903, p. 441) in his description of two new varieties of Lathotrya
dorsalis from the Maldives admits that certain of the characters, on which
he bases their distinction from the type form, “ may well be due to a
difference in the manner in which the specimens have become worn
by the sea.” It is, therefore, particularly unfortunate that in this genus
most of the characters, on which the various species are based, fall within
this category. The use of such characters for specific determination is
doubtless unavoidable in circumstances such as these, where but one or
two specimens exist, but it must be recognised that results based on
characters of this nature are always open to doubt, and any such classi-
fication can only be provisional, until the acquirement of further material
enables one to determine the limits of variation in the external features
and permits of the study of the internal anatomy.

A study of a large number of examples of Luthotrye nicobarica Rein-
hardt has shown that most of these external characters are subject to

S

®
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a very considerable range of variation and, in consequence, indicates
that many of the above features are of but little diagnostic value. Darwin
(1851, p. 359), in his general remarks on Lithotrya cauta, points out that
“1it is difficult to give obvious characters, (excepting the smallness of
the rostrum compared with the scales on the peduncles) by which this
species can be externally discriminated from L. dorsalis, L. nicobarica
and L. rhodiopus : yet almost all the valves differ slightly in shape.
In this species alone (the peduncle of L. rhodiopus is not known) the
lower microscopically minute, bead-like scales of the peduncle are
crenated, though obscurely, all round. In the animal’s body, the diag-
nostic characters are strongly marked,—the long spines on the terminal
segment of the first cirrus,—none of the segments in the posterior rami
of the second and third cirri being thickened and paved with bristles,—
the pectinations being equal in number between the main teeth of the
mandibles,—are all characters exclusively confined to this species.”
It would appear probable, however, that all these diagnostic characters
are in reality structural differences due to progressive development
and are indications merely of age. In many of the so-called species so
little is known of their internal structure that I have been unable to
arrive at any definite conclusion, but the impression that I have formed
is that, with the exception of Lithotrya valentiana, L. truncata and probably
L. rhodiopus, the remaining species are in all probability identical and
are merely synonyms of each other.

Lithoirya nicobarica Reinhardst.

Lithot ya nicobarica, Reinhardt, 1850, p. 1, pl. I, figs. 1.3.
Lithotrya nicobarica, Darwin, 1851, p. 359, pl. VIII, fig. 2.
Lithotrya nicobarica, Gruvel, 1905, p. 99.

Lithotrya micobarica, Hoek, 1907, p. 122, pl. IX, fig. 9.
Lithotrya nicobarica, Hoek, 1913, pp. vii, xv, and xxiv.
Lithotrya nicobarica, Annandale, 1916, p. 131, pl. VII ?, fig. 2.

?Lithotrya cauta, Darwin, 1851, p. 356, pl. VIII, fig. 3.

?Lithotrya conica, Hoek, 1907, p. 124, pl. IX, figs. 10-12.

?Lithotrya pacifica, Borradaile, 1900, p. 798, pl. LI, figs. 3, 3a.

?Lithotrya pacifica, Hoek 1907, p. 126, pl. IX figs. 13, 13a and 14.

?Lithotrya dorsalis, var. maldivensis, Borradalle, 1903, p. 441.

2Lithotrya dorsalis, var. rugata, Borradaile, 1903, p. 441.

Locality.—* Investigator ” Station 680 ; April, 10th, 1925. Shelf of
raised coral-conglomerate near high-water mark about $ mile to south
of Chinese fishing village, S. of Hoini-pot, Kachal Island, Nicobar Islands.

Since 1921 the R. L. M. . © Investigator ” has been engaged for the
greater part of each succeeding survey-season in surveying the central
group of the Nicobar Islands. The late Dr. N. Annandale, who was
keenly interested in and has done much work on the Cirripedes of Indian
Seas, was very anxious to obtain examples of this particular species.
Described orlgmally by Reinhardt from specimens obtained in the coral-
conglomerate rocks in Galatea Bay in Great Nicobar Island, there was
every reason to hope that examples of Lithotrya, either of the same species
or one closely allied to it, would be found in the central group of islands.
Around these islands and bounding the shores of Nankauri Harbour
are to be found numerous rocks and boulders of varying degrees of hard-
ness and of different geological character ; on the east side are numerous

reefs and ledges of hard clay, that are bored through and through by
F2



272 Records of the Indian Museum. [ Vor. XXVIII,

Pholas sp. and Sipunculid worms, but a systematic search revealed no
trace of any examples of Lithotrya. On the western side the islands
consist, for the greater part of their length, of Serpentine rocks; but
here also no trace was obtained. It was not until the third year of my
search that I was fortunate enough to locate a bed of Lithotrya, and even
then it was pure accident that led to their discovery. On the east side
of the island of Kachal there is clear evidence that within recent geological
times the relative levels of sea and land have undergone a change resulting
in an apparent elevation of the land. As a result of these changes an
extensive reef now dries at low-water spring tides ; the reef consists for
the most part of dead coral and coral boulders, and on the shore side of
the reef is a sandy beach that slopes upwards to the general level of the
land. At the upper part of the beach near high-water mark, at a distance
of about % of a mile to the south of the Chinese village near Hoini-pot,
a bed of coral-conglomerate crops out ; this bed is roughly horizontal
and in places overhangs the beach, the sand and loose coral debris having
been washed away from beneath it by the action of the waves. Embedded
in this conglomerate were several large shells and shell-casts, apparently
of a species of T'ridacna, and on excavating one of these from its bed, I
found that it was bored through by a specimen of Lithotrya nicobarica.
A further search in the neighbourhood revealed a large bed of these
Cirripedes. Stanley Gardiner (1903, p. 337) has described the manner
in which these boring Cirripedes form colonies; ‘ in suitable positions
thousands may be present, riddling the whole surface of the rock. The
regularity of their holes precludes the idea that they can have been made
by any other organism. In life they hang downwards with their append-
ages Just projecting out of their tubes, when their entrances are covered
by water.” The above description applies equally well to this bed of
L. nicobarica. They were all living in burrows on the under side of the
rock and each individual was completely concealed in its burrow. The
occurrence of these Cirripedes in groups may be due to the general suit-
ability of the habitat or, as is more probable, to the formation of a colony
owing to da,ughter-mdlwduals settling down near the parents. In such
a colony, as one would expect if it has been produced in this latter way,
examples of all sizes, from quite small to full-grown individuals, may
be found. The largest colony was discovered.in a solid mass of dead coral.
Probably, as the tide falls, the animals withdraw into their burrows and
so remain completely concealed and protected until the tide again rises.
The burrows were situated in all the constituent parts of the conglomerate,
some were in the softer sand-stone portion, while others were in blocks
of dead coral or even in the thick hard portions of the large Tridacna
shells. The most common position in which the animal occurs is with
the head or capitellum hanging vertically downwards; individuals,
however, were found in every position between this and the horizontal,
but the frequency of occurrence diminishes as one approaches the
horizontal.

I was able to obtain a series of sixty-five examples of the species.
This is by far the largest collection that has hitherto been obtained, the
next largest series being that collected by the “* Siboga ” in the Malay
Archipelago which comprised some eighteen specimens.
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GENERAL SIZE.

These examples from Kachal vary very considerably in their general
size, and in order to compare them it was necessary to adopt some
particular measurement. The measurement, that is usnally given,
namely the total length from the tip of the capitellum to the extreme
end of the peduncle is of but little value owing to the extremely contrac-
tile nature of the stalk ; neither is the heighf of the capitellum itself a
reliable criterion, since this will very largely depend on the number of
laminae that still remain attached on the outer and older side of the
valves. I, therefore, selected as my standard the maximum measure-
ment across the base of the capitellum between the carina and the
rostrum. The specimens, measured in this manner, are found to fall
into four more or less distinet groups, which I believe to represent age-
groups, each corresponding to a year’s growth. The smallest group,
which T have termed the 1st year stage, includes only two individuals,
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Table 1. Showtng the measuwrements of 60 tndividuals of
Lithotrya nicobarica Reinhardt,

having a breadth of 3-0 mm. and 3-5 mm. respectively. The second group,
or that of the 2nd year, contains eight specimens, whose breadth ranges
from 50 mm. to 60 mm., the average being 5:50 mm, The next or
third year group is by far the largest and includes thirty-nine examples
with a breadth-measurement that varies from 6:56 mm. to 90 mm., the
average being 7-56 mm. The last group, or those belonging to the fourth
year of life, consists of ten individuals, whose size ranges from 10-0 mm.
to 11:5 mm., the average being 10-55 mm. .

It would appear from this that the average length of life of the mem-
bers of this species is approximately three years, but that a certain number
of individuals may survive for a fourth year.

EXTERNAL CHARACTERS.

As has been pointed out by Darwin (1851, p. 336) these Cirripedes
periodically undergo a process of exuviation, by which their outer
chitinous and calcareous covering is shed, either wholly or in part ;
wholly as regards the outer covering of the peduncle and in part only as
regards the valves of the capitellum. A study of the structure of the
valves shows that they are each composed of a number of calcareous
plates or laminae, superposed in series one on the other. At each process
of exuviation a fresh lamina is deposited on the inside of the old one and
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the valves are thus gradually built up from within. Similarly, the outer
covering of the peduncle is armed with a number of small calcareous
studs or nodules and these are also renewed every time the chitinous
skin is cast. But whereas at each exuviation the outer covering of the
peduncle is completely cast off and renewed, the various layers of the
valves remain more or less firmly attached to each other, the number
of such laminae in a valve being indicated by raised rldges on the outer
surface. The process of exuviation appears to be directly correlated
with the burrowing habit. It occurs in Lithotrya and also in the other
burrowing genus of Cirripedes Alcippe, and in both the main burrowing
organ is the peduncle, which is covered in chitin and is armed with
numerous hittle star-headed nails or studs, composed of an inner chitinous
core and a calcareous outer coat. These calcareous studs periodically
become worn down and are renewed by the process of exuviation. Both
genera anchor themselves firmly by means of a disc of attachment that
in Lithotrya is calcareous and in Alcippe is horny. The formation and
enlargement, as growth increases, of the burrow appear to be carried
out by movements of the animal in its cavity, and by the resulting
friction against the sides of the burrow of the calcareous scales of the
peduncle and the edges of the laminae of the valves. Each newly-
formed lamina bears along its free margin a number of minute chitinous
teeth that are directed ‘‘ downwards,”” 7.e. towards the fixed base of the
peduncle, and these are gradually worn down against the wall of the
burrow. The number of superposed laminae in any valve will largely
depend on factors, such as the violence of the muscular movements
of the peduncle and the degree of adherence between the superposed
laminae which are individual in origin, and others, as the degree of
bhardness of the rock in which the burrow has been constructed, that are
purely fortuitous and beyond the control of the animal, except in so far
as the initial selection of a habitat is concerned. It is, therefore, not
surprising to find that the number of laminae in the various valves
exhibits a considerable range of variation; in the table below 1 have
given the degree of variation observed in the examples of L. nicobarica
collected by me.

Valve. No. of Laminae.
Tergum . . from 3 to 18
Scutum . . » 9 5,17
Carina . » 4 ,,16.
Rostrum . w 2, 9
Latera s 1,10

It is clear, therefore, that the relative height of the valves, depending
as it does entirely upon the number of laminae in the valve can have
little or no value as a diagnostic character. It would also appear
probable that the shape of the various valves may exhibit a wide range
of variation, but I propose to examine this question in greater detail
when studying the individual valves. The capitellum as a whole, how-
ever, shows a wide range of form that must, of course, depend on intrinsic
differences in the valves themselves,

In Plate XIV, figs. 1-11, T have given photographs of several examples
of L. nicobarica. It is evident that from the present series of over sixty
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individuals it is possible to match, as far as the external appearance is
concerned, many of the so-called species in the genus. In figs. 1 and
2 I have shown two examples that agree remarkably closely with the
form described and figured by Borradaile (1900) under the name L. paci-
fica ; the curved carina and the elongate latera, reaching approximately
to the distal border of the tergum, are clearly shown. In figs.
3, 4 and 5 we have examples in which the capitellum exhibits a rounded
or conical shape that corresponds clearly to the form described by Hoek
(1907) as L. conica, but which also show a marked resemblance, especially
in the case of fig. 4, to the figure.given by Reinhardt in his original
description of L. nicobarica. Figs. 6 and 7 exhibit an elongate form of
the capitellum due specially to the tapering shape of the tergum, and
this imparts to the individual an appearance that approximates clogely
to L. dorsalis, as figured by Sowerby (1822). In others again (figs. 8 and
9) the carina is long and straight and the terga are truncated at their
extremities. A comparison between figs. 6 and 8 also reveals-how great
a variation may be found in the degree to which the tergum is exposed
between the latus and the scutum ; the extent of the exposed surface
is in fig. 6 twice what it is in fig. 8. With the exception of Lithotrya
truncata, L. valentiane and possibly L. rhodiopus, of which latter species
our knowledge is somewhat meagre, it is possible to match most of the
previously described forms from among the examples of L. nicobarica
that I have been able to examine and it seems clear that the mere shape
of the capitellum is of no value as a diagnostic feature.

In all the species of Lithotrya the free margins of the laminae of the
valves are provided with a linear series of minute teeth, composed of
chitin. In the older laminae the teeth are much worn, and may be
completely obliterated, owing to the continual friction against the side
of the burrow during its excavation. Along the margin of the last-
formed lamina they are, as a rule, clearly seen, and they may also persist
on the borders of the older laminae in areas where the margins of the
ridges are protected by the overlapping of the neighbouring valve.
Darwin described these teeth in Lithotrya dorsalis as follows ; * Exteriorly
the valves are covered with yellow membrane, with rows, corresponding
to each zone of growth, of very minute, yellow, horny spines, generally
having their tips bent over, and so made hook-shaped.” In L. cauta
he states that the teeth are ‘“ broad, blunt and often stand rather distinct
from each other.” In the examples of L. nicobarica that I have examined
these teeth are exactly as Darwin has described them in L. dorsalis ;
they are very small in size and are yellow in colour, being somewhat
bent or curved, especially at the angular ends of each ridge, where they
are for the most part distinctly claw-shaped ; this is particularly well
seen in the smallest specimens, namely those having a capitellar measure-
ment, as noted above of 3-5 mm. In the small examples these teeth are
also rather wider apart than in the older specimens, so that in this
respect small specimens of Lithotrya nicobarica closely resemble L.
cauta.

During the to-and-fro movement of the Cirripede within its burrow
there must be a considerable amount of friction on the sides of the pedun-
ele and around the basal portion of the capitellum, but the more
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peripheral parts of the valves are obviously not subjected to such
rubbing, since they are in almost every case covered by a deposit of
caleium carbonate and in many cases serve as a base for the attachment
of algae or of small sessile Cirripedes (vide Pl. XIV, figs. 10, 11).

In several species of Lithotrya it has been observed that examples of
other species of Cirripedes are by no means infrequently associated with
them. In only a single instance, namely Alepas lithotryae Hoek, is the
smaller associated form known only from such a source, and it seems
clear that in most cases at least we are not dealing with a condition of
either parasitism or even one of commensalism, but that the association
of the two Cirripedes is purely accidental and is merely the natural
result of the sedentary habit of the group. These animals are all sessile
and the young free-swimming larvae, when their development is suffi-
ciently advanced and the time comes for them to adopt the sedentary
habit of the adult stage, will attach themselves to any hard body or
substance, with which they may come in contact. Owing to their
structure the vast majority of the Cirripedes are totally incapable of
removing from their external surface any extraneous organism that may
have attached itself. Lithotrya is better off in this respect than most of
the other Cirripedes in that there are two processes by which its external
surface is kept free from unwelcome hangers-on ; in the first place the
external chitinous covering, with the exception of the valves themselves,
i1s completely and frequently cast off and is renewed by a process of
exuviation, and in the second place the continued to-and-fro rubbing
of the body of the animal in the burrow, which the members of this
genus make for themselves, must act very effectively in freeing their
surface from lodgers except in those parts, such as the extreme apical
areas of the valves, which never actually come into contact with the walls
of the burrow. Even in these latter situations, where sessile animals may
effect a temporary footing, the lodger is eventually cast off with the
lamina though by the time that this happens it may have attained to a
considerable size.

The commonest Cirripede associated with Lathotrya micobarica is
Balanus tintinnabulum, var. communis. This species is usually attached
to the outer aspect of the upper part of the tergum or the scutum, or
else is situated on the inner aspect of the carina ; in no case that I have
seen does the individual attain to any size ; all the examples were quite
small. The second commonest species is Ibla cummingi. Hoek has
recorded that he found a single specimen sessile on an example of Lithotrya
pacifica Borradaile and T have myself seen three examples attached to
L. micobaria. In all these three cases the smaller Cirripede was situated
on the inner aspect of the carina in the angle between it and the tergum.
All three specimens, as was necessary from the very confined space in
which they were living, were quite small, the largest being about three
millimetres in length ; in spite of their small size all three were well
developed and were hermaphrodite or at any rate agreed in their structure
with the normal hermaphrodite individual of the species. Hoek (1907,
p. 39) has recorded the discovery of a new species of Alepas, namely 4.
lithotryce, on two species of Lithotrya, namely on L. nicobarica and L.
pactfica, while a small example of the same genus, that, though too small
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to identify, was in all probability of the same species, was found on an
example of I. truncata ; in the present series, however, no examples
of this species were discovered.

THE INDIVIDUAL VALVES.

The Scutum (Pl. XV, fig. 3).

The scutum in Luthotrya cauta, L. dorsalis, L. pacifica -and L. nicobarica
exhibits but little difference. In every case the valve is triangular in
outline ; internally 1t is concave and the tergal margin is straight, as
in L. dorsalis, or slightly sinuous, as in L. nicobarica. The degree to
which the valve overlaps the tergum is small, usually not exceedin
one-third of the latter valve, except in the case of L. cauta, in which
species, according to Darwin (1851, p. 357), the degree of overlap is
somewhat greater. In Plate XV, fig. 3 T have given photographs of
the internal aspect of the scutum in four individuals of L. nicobarica.
It will be noticed that in the left-hand individual there is no trace of any
pit for the attachment of the adductor muscle, although this is well seen
in the other three specimens ; L. cauta is also said to differ from all other
species of Lithotrya in this particular respect, namely, the absence of an
adductor pit. The degree to which the scutum overlaps the tergum,
as indicated by the rough area on the right of the valve-margin in the
figures given, exhibits a considerable range of variation, as also does
the shape of the valve itself ; and it would, therefore, appear that these
features are not reliable as diagnostic characters. The rostral angle
of the valve is thickened and in the larger specimens forms a well-marked
knob, exactly similar to that described as being present in L. dorsalis,
so that in respect of these two species there is apparently no distinguishing
character in the valve. As regards L. cauta, such differences as do exist
are for the most part slight, and the fact that those specimens of L.
nicobarica, which most closely resemble it, are the very smallest, appears
to me to indicate that the differences are in all probability due to imma-
turity in the only known example of this species. Darwin himself
considered that this example was mature ; the size of the specimen is,
however, very small, being only 5-0 mm. in total length ; it is much smaller
than those examples of L. nicobarica that I believe to be one year old and
I am of opinion that most of its so-called specific characters are not only
due to, but are actual evidences of immaturity.

As I have already mentioned, the number of laminae in this valve
exhibits a wide range of variation, and may be as low as four or as high
as sixteen on the right side of the body, or as low as five and as high as
fourteen on the left side ; the average number on the two sides is 8-57
on the right and 9-05 on the left, the total number of specimens examined
being sixty. The number of laminae in each valve is shown in Table 2.
It will be seen that on both sides of the body there is a distinct tendency
for the number of laminae present to exhibit two maxima, on the right
side the greater number of specimens have either six or eight, and on the
left side seven ornine laminaé. This tendency towards a double
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maximum may be due merely to an insufficient number of specimens
but, as will appear later, the same or a similar tendency can be traced
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Table 2. — Showing the number of laminae inthe
Scutuumin Lithotrya nicobarica.

in the other valves and I am therefore inclined to think that there is a
definite cause for it.

The Tergum (PL. XV, fig. 1).

The terga in Lithotrya dorsalis, L. cauta, L. conica, L. pacifica and

L. nicobarica exhibit but little specific variation in shape. With the
exception of L. dorsalis, in which the valve is described by Darwin (1851,
. 3562) as being ‘‘ irregularly oval,” the tergum is said to approach to a
rhomboidal shape. In both L. dorsalis and L. nicobarica the scutal and
carinal margins meet at an angle of 45 degrees and in all the species
the carinal margin is slightly sinuous, the upper part being convex
and the lower portion concave. In every case the exposed outer
portion of the valve is narrow at the base, .e., just above the peduncular
margin, but widens out somewhat distally ; and across this narrow area
runs a series of short ridges, each marking the edge of a lamina. The
crest thus formed by the ndges divides the outer surface of the valve into
carinal and scutal portions ; in L. cauta these are stated to be of nearly
equal width, whereas in all other species the scutal area is the smaller,
being only about one-third of the total surface. In all my examples of
L. nicobarica, of whatever size, the scutal area is the smaller; this character
does not appear to be merely an age change, though, since the smallest
examples of L. nicobarica are already much larger than L. cauta, it is
poss1ble that 1t is so. In Table 3 I have glven the numbers of the lammae
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in the terga of sixty specimens of Lithotrya nicobarica. As in the case of
the scutum we see that the number of laminae exhibits a distinct
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Tadle 3. — Showing the number of laminae inthe

Tergqum in Litho_trya nicobarica.

tendency towards two maxima, namely between six and seven (6-5)
and nine on the left side, and at five and nine on the right.

The average number of laminae present in the valve is 7-8 but in
different examples the number may vary from 3 to 18, so that the height
of the valve can have but little value as a diagnostic character. Here
again we find a distinct tendency towards asymmetry, for on the left
side the average number of laminae is 84, whereas on the right side it is
only 72 : the range of variation in the number of laminae is also greater
on the right side, from 3 to 18, than on the left, from 3 to 11 only.

The Carina (PL. XV, fig. 4).

The carina is usually described as being concave on its inner aspect
and having a slight internal crest running down its long axis. The
crest is formed by the projecting apices of each succeeding lamina or zone
of growth. Here again one finds a high degree of variation. The median
crest may consist merely of an inconspicuous line of small papillae, or
may be a strong ridge occupying nearly one-third of the breadth of. the
valve. This latter condition corresponds very closely with the condition
described and figured by Borradaile (1900, p. 798, pl. LI, fig. 3q.) in
Lithotrya pacifica, ‘ the carina long, rather narrow, curved somewhat
strongly, inside hollow with, in the upper part, a middle row of triangular
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knobs corresponding to the external ridges.” In the smallest examples
of Litholrya nicobarica the carina is concave on its inner aspect and bears
a linear row of small bosses, similar to but not so well marked as in the
first of the series shown on the left hand in fig. 4. In Lithotrya cauta
there is, according to' Darwin (1851, p. 357), no trace of a central ridge
in the upper portion. It would seem probable that the development of
this ridge is again merely a question of age, being absent in the very
young and gradually becoming more marked as age advances. The
height of the carina in proportion to the other valves depends entirely
on the number of laminae that remain attached to the valve ; as I have
already remarked this may vary from four to sixteen ; in the following
Table 4 T have given the various numbers found in sixty specimens :
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Table 4. —Showing the number of laminae inthe Carina
of Lithotrya nicobarica.

It will again be noticed that the number of laminae exhibits two maxima,
at 6:5 and 9 respectively. In some examples the carina is straight (vide
Pl. X1V, figs. 6, 8 and 9) whereas in others it may be slightly or even
strongly curved (vide Pl. XIV, figs. 1 and 5).

The Latus (Pl. XV, fig. 2).

The latera in Lithotrya nicobarica according to Darwin (1851, p. 361),
““ as seen on their interior surfaces, (or in a section parallel to their zones
of growth) are triangular, elongated transversely, with the carinal angle
a right angle.” In L. dorsalis these valves (vide Darwin, 1851, p. 353)
are described as being ‘‘ narrow, elliptical, pointed at both ends, but the
carinal half rather thicker than the scutal half ” and in L. cauta (loc. cit.,
p. 357 and pl. VII, fig. 3c) as “ broadly elliptic, pointed at both ends.”
In Lithotrya nicobarica the latera are described by Gruvel (1905, p. 99)
as follows; ‘ Plaques latérales peu développées en hauteur avec
leur surface interne triangulaire et environ aussi large que sept des
écailles sous-jacentes.” Darwin, however, in his account states that
they are ‘ unusually large.” Hoek (1907, p. 123), who was able to
examine the fairly large series of examples of this species obtained by
the “ Siboga,” remarks that “ the latera vary greatly in the different
specimens. Their general shape is as described by Darwin, triangular,
elongated transversely with the carinal angle a right angle ; but they are"
+uch broader in some, narrower in other specimens.” He also found
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that the length varied enormously and that in sixteen specimens the
number of zones of growth was as follows :—

Zones.
In 6 examples 3
" 4 ” 4
» 3 »» 5
’” 2 13 7
» 1 example . 8
Average 4-4

In the examples of L. nicobarica that I have examined these small valves
exhibit a wide range of variation in the shape of the inner surface,
being narrow and elongate in some and broadly triangular in others,
with all shades of variation between these two extremes. The latera
are almost exactly similar as regards their form in Litkotrya nicobarica,
L. cauta, L. dorsalis, L. conica and L. pacifice and it is clear that this
valve gives us no assistance in the specific determination of the various
species in the genus. The height of this valve, also, varies greatly
according to the number of laminae of which it is composed, which in
my examples ranges from 1 to 10, the average being 5-2.
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Another character that is frequently utilised in the diagnosis of the
various species is the width of certain of the valves in comparison with
the numbet of underlying scales of the peduncle. In his account of
L. pacifica Borradaile (1900, p. 798) states that the latera are “ very
long, more than three-fourths the length of the terga, the base of each
of them marching with seven of the underlying scales.” In his figure,
however, he shows five scales actually in contact with the latera and two
in the interspace between it and the scutum. There appears to be a
certain amount of confusion in the literature regarding the number
of scales in contact with this valve ; in certain cases previous authors,
as well as Borradaile, appear to have included in their total not only
those scales that are actually in contact with the valve but also those
that lie below the narrow gap between the latera and the scutum, in
which the tergum appears on the surface. In my examples of L. nico-
barica the number of scales that lie beneath the latus and tergum, that
is beneath the latus and the gap between it and the scutum vary from
6 to 11.



282 Records of the Indian Museum. [ VoL. XXVIII,

There are 6 scales present in 19 °/,
”» » 7 ”» » ”» 39 o/o
”» ”» 8 ”» ”» b4 26 o/o
” ”» 9 » » » ll o/o
”» ” lO ”» » » 4 °/0
” » 11 » » ”» l O/O

There are usually five scales underlying, and in actual contact with,
the latera, the actual numbers ranging from 3 to 8 and the average
being 5-26.

The majority of these examples thus show seven scales, which agrees
with the description of L. pacifica and L. nicobarica. Hoek on the other
hand states (1907, p. 127) that in the two examples of what he took to
be L. pacifica the latera correspond to 4 (indistinctly 5) of the underlying
scales. This is shown in his figure to be correct, if one considers only
those scales that are actually in contact with the latera but if we include
also those that are in contact with the tergum, the number is 7 and
Hoek’s figure and that given by Borradaile agree exactly in this parti-
cular.

The Rostrum.

The rostrum varies enormously in the length to which it may attain,
this, of course, depending on the number of scales or laminae that have
been worn off. In my examples the number present ranges from 2
to 9, the average of sixty examples being 4-6,and the majority of
examples—30 per cent.—-having 5. Hoek (1907, p. 123) in eighteen
specimens found from 2 to 7 zones of growth, the average being 3:55
and the majority of his examples—55-5 per cent.—had three only.
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Table 6.— showingthe numbder of laminae in the Rostrum
tnLithotrya nicobarica.

Between the different species there is but little difference as regards
the general characters of this valve ; in all cases it is small and delicate,
though it is, apparently, relatively larger in my examples of Lithotrya
nicobarica than in L. caula, for its width in this latter species is stated to
be ““ not so wide as the immediately subjacent scale”” (Darwin, 1851,
p- 367). In the smallest examples of my series of L. nicobarica it was
equal to two scales ; but, if we examine these sixty specimens carefully,
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it is found that there is a distinct tendency for the number of the pe-
duncular scales, that lie beneath the rostrum, to vary according to the
size of the specimen. In Table 7 I have given the results of an exa-
mination of the different individuals in each of the four groups.

In the 1st year group (breadth 3—3-5 mm.) there are 2+5 scales.
v 2nd ,, ” ’ 5—6 mm. A 3
s 3rd ,, ) ’ 6:5—9 mm. ,, , 93
’ 4h ,, » 10—11 mm. ,, ,, 55 ,,

It is thus probable that the narrow condition of the valve in L.
cauta is merely a sign of immaturity.

The number of subjacent scales below the rostrum shows a wide
range of variation in the different so-called species. In Lithotrya dor-
salis Darwin gives the number as 2-5, Gruvel as 2 or 3. In L. conice,
according to Hoek, there were 3 in one example and 4 in another. L.
pacifica is stated to have 6; and in L. nicobarice Darwin states that
there are 6 ; Gruvel gives 6 ; Hoek, in eighteen examples, found from
3 to 8, the average being 5:4; and in the sixty specimens examined
by me the number ranges from 3 to 8, the average being 5 (in 35 per cent.).
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TaBLE 7.—Showing the number of scales beneath the rostrum in successive years
of growth in Lithotrya nicobarica.

It is clear from the above table that the scales on the upper part of
the peduncle do not increase in size at the same rate as the valves them-
selves and in consequence the number of scales that lie beneath any of
the valves increases as gize and age advance. The smallest group,
v.¢., those having a breadth of 3 to 3-5 mnm. and which I take to be the
Ist year, agrees closely with L. dorsalis. The next group, or those of
the second year, agrees with L. conica. And it is only the two larger
groups, corresponding to the third and fourth years, that agree -with the
condition said to be characteristic of L. pacifica and L. nicobarica. Hoek
himself (1907, p. 126) remarks that * the specimens of L. conica “are
smaller than most of L. nicobarica and it seems probable that they
were merely young examples,” though he does not definitely adopt
this view. If this change with age.is due to unequal rates of develop-
ment of the valves and of the small calcareous scales of the peduncle
we ought to find that the same or a similar change in the numbers o;
subjacent scales can be traced in the other valves. In the case of the
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scales corresponding to the latera, we find that the number at different
ages, or at least at different sizes, is as follows :—

In the 1st year group there are 4-5 scales below the latera.

sy 2nd ” » Y » 48 ) 9 ”»
Iy 3rd 73 Iy Y} T 5-2 9 9 ') 3
Py 4th Iy 9 Iy Iy 59 Y Y 2 2

or if we take the number corresponding to both latera and terga to-
gether we get

In the 1st year 60 scales
, ond , .11,
,, drd . 74
» 4th 84

In both cases, then, there is a distinct increase in the number of sub-
jacent peduncular scales, and there can be no doubt that this is due to
unequal rates of growth of the different calcareous structures and is
not in any sense a specific character.

It is interesting to note that there is in the present series of Lithotrya
nicobarica a slight though distinct tendency towards * right-handed-
ness,” inasmuch as the earlier formed laminae exhibit a tendency to
be rubbed off more easily, or at least more quickly, on the right side of
the body than on the left. This tendency is not confined to any one
valve, as is shown in the following table :—

Average No. of Zones.

Difference
Right side. Left side, L.—R.
Latus 5-12 500 —0-12
Scutum 864 9.22 +0+58
Tergum 7-20 8-05 +0:85

The above figures are derived from the examination of sixty speci-
mens and it is clear that there is but little difference in the-two sides
of the body as regards the latera, but it must be remembered that these
valves are small and are easily damaged and, moreover, are situated at
the most exposed points, namely at the ends of the transverse diameter.
In the other two valves, the scutum and tergum, there is a quite distinct
difference, the average number of scales or laminae in the scutum being
0-58 higher on the left side than on the right, and in the tergum the
difference is as great as 0-85.

GENERAL COLOURATION,

Darwin (1851, p. 3564) remarks that the * valves are coloured dirty
white, with the enveloping membrane, when preserved, yellow. The
outer maxillae, palpi, pedicels of the cirri, anterior faces of the segments,
dorsal tufts, caudal appendages and penis, dark purple. Thoracic
segments brown. There is a purple spot between the bases of the first.
pair of cirri.”
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In the examples of Lithotrya nicobarica that I have examined the
peduncle is as a rule of a yellow colour, though in some of the specimens
the yellaw is interrupted by a patchy staining of dark purple or black
colour. The valves are in all cases dirty yellow, but this is often ob-
scured by a superficial deposit of calcareous material, which may form
a complete covering to the outer aspect of the oldest lamina and in
certain individuals has attained a considerable thickness; similarly a
mass of the same material may be deposited in the grooves between
the various laminae. Where they still persist the outer chitinous mem-
brane and the microscopic teeth on the margins of the laminae are of a
dark brown colour.

In the smaller examples the mouth parts are well pigmented with
closely-set, black chromatophores, and there is a well-marked black
spot on the ventral surface of the body between the posterior margin of
the mouth and the bases of the first pair of cirri. Each ventral sternite
is in the full-grown examples heavily pigmented and so is the dorsal
aspect of the last two segments of the body. The penis is of a dark
purple colour. The ciirri themselves are heavily pigmented ; in the
pedicels the pigmentationjs deepest in the distal half of the segments
and along two bands down the outer aspect of the first free joint, of which
the posterior band corresponds to the outer border of the elongate, scaly
area noted below (vide infra, p. 291). The degree of pigmentation in the
rami gradually decreases distally ; the proximal segments of the ramus,
and especially of the outer ramus, are heavily pigmented along both
anterior and posterior surface and across the distal margin, but the
distal segments are comparatively free from pigment except on the ante-
rior aspect. As the age or size of the examples increases the degree of
pigmentation appears to diminish, possibly because the total number
of chromatophores does not increase pari passu with the surface area
of the body or of the appendages.

THE PEDUNCLE.

The peduncle, owing to its great power of contraction, varies enor-
mously in shape from a short and almost conical to an elongate and cy-
lindrical type. The whole peduncle is furnished with a chitinous covering,
in which are embedded numerous chitinous nail-like bodies, the head
of each nail being originally enclosed in a small calcareous bead. The
size of these beads rapidly decreases as one passes down the peduncle.
Darwin (1851, p. 337 and PlL. VIII, fig. 3e) has given an account of and
has figured these nail-like structures in the species Lithotrya cauta. In
the examples of Lithotrya nicobarica that I have examined, identical
structures can easily be detected in the lower part of the peduncle,
especially if the chitinous sheath be stripped off the under-lying muscular
layer and be treated with acid alcohol, which will dissolve away the cal-
careous beads that surround the chitinous nails. Each nail bears a
head that is flat and is produced in a number of small points that give
to it a star shape. Darwin states that in L. cautae and L. dorsalis these
are usually five-pointed ; but he remarks (1851, p. 337) that “in L.
cauta the lowest scales on the peduncle are a little larger than in L.
dorsalvs, giving a frosted appearance to it, and all of them are serrated
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around their entire margin.”” In the specimens of L. nicobarica, that 1
have examined, they vary from triangular to seven-pointed stars in the
lowest part of the peduncle, while further up the stem they become
oval or rounded with a crenated margin. In numerous cases the basal
or sunken part of the nail can be seen to end in a narrow winding tail
of chitin, that undoubtedly corresponds to the duct and in some cases
appears at its inner or deep end to be double.

There is a considerable degree of difference in the size and arrange-
ment of the calcareous scales in the upper part of the peduncle and es-
pecially in the upper two or three rows, i.e., in the rows around the base
of the capitellum. This difference in the characters of the scales of
these rows has been utilised as a diagnostic character in the determina-
tion of the various species. In L. dorsalis, Darwin remarks, “ the
calcified scales in the uppermost whorl are only slightly larger than
those in the second whorl; the scales in the succeeding three or-four
whorls are considerably larger than those below.” In L. cauta the
scales of the uppermost row are said to be * quadrilateral and nearly four
times as large as those in the second whorl ; these latter are about twice as
large as those in the third whorl.” In Lithotrya nicobarica the scales are
said (vide Darwin, 1851, p. 361) to vary from circular to quadrilateral
and those of the upper row to be three times as large as the second,
while in the next three or four rows the scales rapidly decrease in size.

If these differences were constant they would form a reliable basis
on which to found specific distinctions and it is necessary therefore to
examine these characters in some detail. In a series of L. nicobarica
I find that there is a wide range of variation both in the character of the
scales from the same part of the peduncle in different individuals as well
as in different parts of the peduncle in the same individual. An examina-
tion of a number of individuals shows that the scales of the upper three
or four whorls on the peduncle exhibit marked differences in different
areas in the same individual. In the region below the carina the scales of
the upper two whorls are almost exactly equal in size, while those of the
third whorl are only slightly smaller than those above, but are markedly
larger than those in the whorls immediately below. In this area then
the character of the scales exactly agrees with the condition that is said
to be characteristic of L. dorsalis. In the region below the latus and
scutum the scales of the uppermost whorl are quadrilateral and are at
least three times as large as those in the second whorl, which are in turn
twice as large as those in the third row; in this area therefore the
character of the scales corresponds to that of L. cauta. In a series of
individuals we also find an extreme range of variation in the scales
from the same part of the circumference in different individuals. The
proportional size of the scales of the first and second whorls varies
very considerably, and there is an appreciable degree of variation in
individuals of the same size, but a study of a number of examples
seems to me to indicate that there is also,a change in the relative pro-
portions of the scales in the different whorls with increasing size and,
therefore, presumably with increasing age. In examples of the smallest
size, viz., those with a diameter of only 3-56 mm., the scales of the second
row are very much smaller than those of the first row, the proportions
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being approximately 1 to 4, which agrees exactly with the description
and figures given by Darwin of L. cauta ; the upper scales have atten-
dency to be rhomboidal in shape. In other examples, ranging from 5-6

’-—/’—_-—

Text-Fig. 1. The calcareous scales of the upper margin of the peduncle, from below
the latus and scutum:
(@) in a medium sized example, 6-5 mm. in breadth.
(b) in a large specimen, 9°5 mm, in breadth.

mm. to 8- mm. in breadth, the scales of the second row are somewhat
larger and the proportional sizes of the scales of the two rows is still 1
to 4, while the upper scales are square or nearly so (vide Text-fig. 1 (a)).
In the largest examples of all, namely, those having a breadth of 8-0
mm. to 9-5 mm., the second row of scales have markedly increased in
size and are now almost as large as those of the first whorl, the pro-
portions now being those said to be characteristic of L. dorsalis, while
the upper scales are rectangular or oval with their long axis transverse
(vide Text-fig. 1 (b)). It appears then that a given individual may
so far as this character, at least, is concerned commence as L. cauie and
develop into L. dorsalis, and that the character of the scales of the
peduncle in the so-called species of Lathotrya may be perfectly well
accounted for on the grounds of age alone and has therefore no specific
value.

The peduncle bears on the carinal margin and a little above its ex-
treme tip the calcareous basal plate by means of which the animal
attaches itself to the inner wall of its burrow. In L. nicobarica this
calcareous plate of attachment is said to be slightly concave in shape
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and of moderate size, whereas in L. dorsalis it is cup-shaped and consi-
derably larger. In the specimens of L. nicobarica that I have examined
the size of this plate varies very considerably and in some it is almost
flat, in others deeply concave, though I have not found one that is cup-
shaped : the largest example measured a little over 3/10th of an inch.
In most cases a row of overlapping calcareous discs or their remains
can be traced down the side of the burrow.

The upper portion of the peduncle is hollow (vide Pl. XV, fig. 5) and is
lined with a delicate layer of chitin that is continuous at the point of
attachment of the body with the chitinous covering of the body itself,
while laterally it is continued up on the inner side of the mantle,
from which, however, it is separated by a space, to become continuous
with the margin of the valves. Owing to the formation of this hollow
cavity in the upper part of the stalk, brought about by the extreme
degree of contractility possessed by the peduncle and the consequent
necessity of a space to accommodate the body dunng retraction, the
ovary has become displaced and lies close to the region of attachment of
the peduncle, between the two lateral masses of the longitudinal
retractor muscles. The peduncular muscles are usually described as
consisting in the Lepadidae of three layers, namely, (1) oblique, (2)
transverse and -(3) longitudinal, from without inwards, and Lithotrya
appears to be no exception to this. In Lithotrya nicobaricg the oblique
layer is by far the least developed ; it consists of a series of separate
bundles, each bundle being composed of two or three fibres, separated
by wide intervals. The transverse'layer is well developed. The longitu-
dinal muscles are arranged in two series, the fibres of which are also
distinguished by a difference in size. Along the carinal arc of the pedun-
cular circumference, and immediately internal to the layer of transverse
muscle fibres, is a layer of small, longitudinally arranged muscles-fibres :
inside this layer, there is a second series of longitudinal muscles, the
fibres of which are larger and are grouped together into distinct bundles
or bands. The number of these muscle-bands may differ on the two
sides of the body, as was the case in the smaller specimen examined,
which had a capitellar diameter of 3-5 mm. They were numerous on the
right side but on the left side these bundles were for the most part absent
and immediately internal to the layer of small longitudinal fibres were
geveral spaces, in one of which was situated the ‘‘ tige pedonculaire ”’ or
chitinous supporting rod. Koehler, who described ‘this organ in the
peduncle of Pollicipes, showsit as being present on both sides of the body
near the canal that runs along the rostral margin. Gruvel (1905, p. 37 8)
states that * On retrouve cette formation, plus ou moins modifiée, chez
Lepas, Scalpellum, Lithotrya, Ibla. il est certain
que c’est un organe en voie de régression, autrefois trés développé et
aujourd’hui seulement représenté chez les formes qui se rapprochent le
plus des types ancestraux, comme les Turrilepas, Loricula, etc.” This
cartilaginous support appears to consist of a delicate rod of chitin that
passes down the peduncle in one of the spaces, noted above, immediately
internal to the layer of small longitudinal fibres and at a point about
midway between the anterior and posterior margins ; at its lower ex-
tremity this rod is rounded and recurved (vide Text-fig. 2) and the free
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end is again recurved and is directed downwards; though this coiled
portion is covered by numerous muscle-fibres I was unable to detect any
direct connection with the muscle system. At the upper end however,

i

TexTt-r16. 2. The lower portion of the cartilaginous supporting rod, or * tige pedon-
culaire,” in the peduncle of Lithotrya nicobarica.

i\

the rod appears to be connected with the longitudinal muscles. A study
of the serial sections cut of the peduncle of the small example of Zitkotrya
nicobarica (nde Text-fig. 3) reveals the very interesting fact that, at any
rate in this specimen, there was only a single “tige pedonculaire ”
present, which was on the left side ; and a further study of these sections
shows that this marked asymmetry of the peduncle, as regards both
the chitinous support and the muscle-bands, agrees with the “ right-
handedness ”’ that I have already pointed out in the capitellum. The
much greater development of the longitudinal peduncular muscles on the
right side would certainly seem to be associated with the smaller num-
ber of laminae in the paired valves, namely the scutum and tergum,
since more violent movement of this side of the body would cause a more
rapid removal of the older laminae.

As one traces the strands of the longitudinal muscles downwards
from the lower border of the capitellum one sees that they converge and
eventually unite to form two large muscle-masses that in the lower part
of the stalk pass towards the carinal margin and become attached to the
inner aspect of the body-wall underneath the calcareous plate. Darwin
(1851, p. 338) has called attention in this genus to the presence of two
little fan-shaped muscles that are attached, one on each side, to the basal
part of the carina near the central line and converge to a point where
the lower margins of the carina and terga touch each other.

As in other pedunculate Cirripedes the peduncle is traversed through-
out almost its whole length by the longitudinal peduncular canal, which
runs down the rostral side : immediately internal to this and in close
apposition to it run the two oviducts, which pass upwards to the body
from the ovary, situated at the lower end of the peduncle.
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The general structural characters of the muscular and connective

tissues appear to agree closely with the description given by Koehler
(1888).

TexT-F1G. 3. A transverse section of the peduncle of a small example, 35 mm. in
breadth, of Lithotrya nicobarica. 1.m.,longitudinal muscle-bundles ; o. v., oviducts 3
p.c., peduncular canal; sp., lacunae ; t.m., transverse muscle-bundles ; t.p., carti-
laginous supporting rod or  tige pedonculaire.” R-right side ; L-left side.

THE BODY.

The prosoma is large and appears to vary somewhat in shape. In
some examples the (anatomically) dorsal aspect is uniformly rounded,
while in others it is more nearly conmical, as in Pl. XV, fig. 5. A
well-marked adductor muscle runs from side to side between the scuta.
The first cirrus is placed at some distance above and in front of the second
cirrus. As in other Cirripedes the oviducts open at the lower mar-
gin of a rounded swelling, situated at the base of the first segment
of the pedicel of the first cirrus. Darwin (1851, p. 53) in his account
of the structure of Lepas mistook the terminal part of the oviduct and
its external opening for an accoustic organ, but the correct interpre-
tation of this structure was pointed out by Gruvel (1905, p. 415). Below
and in front of the first cirrus lies a thin-walled sac, the walls of which
are in the larger examples of a brown colour, but in the young stages
they are almost colourless. This structure I take to be excretory in
function. Gruvel (1905, p. 394) has described a pair of sacs, one on
each side of the body, in the same situation and he remarks ““ Ces deux
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formations sont les sacs rénaux proprement dits qui peuvent &tre
assimilés aux reins maxillaires des autres Crustacés.”

Darwin remarks (1851, p. 355) that in Lithotrya dorsalis *‘ on the
antero-lateral faces of the pedicels of the second, third and fourth pairs
of cirri there is an elongated white swelling or shield. Moreover on the
posterior thoracic segments there are similar white-coloured swellmgs,
with the membrane more plainly marked with scales than in other
parts.” Hansen (1925, p. 50) suggests that these swellings are of the
nature of a rudimentary epipod. I can find no mention of such struc-
tures in any of the accounts given by previous observers of other species
of Lithotrya and Darwin appears to have considered that they possessed
a diagnostic significance. Exactly similar colourless swellings, however,
can clearly be seen in the larger examples of L. nicobarica. The swel-
lings on the 2nd, 3rd and 4th pedicels are of an elongate pyriform shape,
the narrow end pointing upwards towards the biramous appendages ;
they increase in size from before backwards and are situated on the an-
tero-lateral aspect of the first free, or second basal, joint of the pedicel.
In addition to these three swellings there is an additional small swelling
on the basal free segment of the 5th cirrus. This last swelling is much
smaller than the other three and I was only able to detect it after the
appendage had been cleared with caustic potash. Three similar swel-
lings occur on the lateral aspect of the 2nd, 3rd and 4th segments of the
abdomen, and are also oval or pyriform in shape the anterior being the
larger and the posterior quite small. As in Lithoirya dorsalis the surface
of these swellings is covered with fine scales.

THE CIRRI

Hansen (1915, p. 48 et seq.) has put forward the view that in the
Cirripedes the basal part of each cirrus is composed of three segments.

Text-Fic. 4. The articulation of the 4th cirrus twith the body in Lithotrya nicobarica
viewed from in front.
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He states that in Balanus porcatus ¢ all six pairs of legs have the sympod
three-jotnted ; in the three, and especially in the two, anterior pairs the
first joint is considerably longer and broader, the second joint shorter
and broader than in the three, especially in the two, posterior pairs.”
I have carefully studied, in both spirit specimens and in others treated
with caustic potash, the structure of the basal parts of the cirri in
Lathotrya nicobarica and I am quite unable to convince myself that the
first or proximal segment has in this species any separate existence,
such as Hansen shows in his figure (loc. cit., 1925, PL. II, figs. 8, a). The
chitinous covering is thin in certain areas and thicker along certain lines,
and in Text-fig. 4 I have given a drawing of the basal part of the anterior
aspect of the 4th leg. Asis evident, the articulation is complicated and on
the anterior surface the chitinous covering of the basal segment of the
pedicel ig continuous across the front of the sympod with the sternal por-
tion of the body covering. There is a well-marked articulation on the
outer aspect between the sympod and the body chitin, but posteriorly
the portion that appears to correspond morphologically with the first of the
three segments of the sympod is continuous with the sternum, though
partially separated from it by an incomplete .articulation, and is com-
pletely separated from the pedicel by a curved articular line. While
admitting the probable correctness of Hansen’s view that the sympod
consists morphologically of three segments, as a matter of fact the lines of
separation of the Ist or proximal part are incomplete both anteriorly
and posteriorly.

Both Darwin (1851) and Hoek (1907) have attempted to make use
of certain characters of the cirri in the determination of the various
species in the genus. One of the characters, on which stress has been
laid, is the number of segments in the different cirri and in the caudal
appendage ; and a second is the relative length of the latter as compared
with the pedicel of the 6th cirrus. In the<€ollowing Table 8 I have given
such details as I have been able to extract from Darwin’s and Hoek’s
papers, and it seems clear that, allowing for a certain degree of indi-
vidual variation in the different species, there is a steady increase in the
number of segments in the cirri as one passes from Lithotrya cauta through
L. conica and L. dorsalis to L. nicobarica. In exactly the same order we
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TABLE 8.—Showing the variation in the number of the segments in the cirri, the
No. of segments and the length of the caudal appendage, and the number of denticles
between the primary teeth of the mandible, as recorded by previous authors,
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find a steady increase in the number of denticles between the three large
teeth in the mandible and in the relative length of the caudal appendage.
It is a well-recognised fact that in the Crustacea the number of segments
in the appendages steadily increases as age and development advances,
and it is therefore open to question how far the differences that have been
noted in the above-mentioned characters are truly specific, and not
merely due to and evidence of developmental changes in the individual.
In this connection it is important to remember that Lithotrya cauta
is by far the smallest of the so-called species in the genus, having a total
length of only 50 mm. and a breadth of capitellum of only 1:9 mm.,
whereas the smallest example of L. nicobarica obtained by me already
possessed a breadth of 3:0 mm. ; and Hoek himself (1907, p. 126) has
remarked that ‘“ The specimens of Lithotrya conica are smaller than most
of L. nicobarica.” It seems more likely that the progressive increase in
the number of segments in the cirri and in the size of the specimen are
correlated with each other and are evidences of growth than that they are
actual specific characters. Darwin himself, however, thought that the
single specimen of Isthotrya cauta, on which the species is founded,
was full grown ; he remarks (1851, p. 357) “I do not know whether the
specimen had attained full size, but think this is probable, as a larger
sized species would not have made its habitation in one of the valves
of so small a shell as a Conie.” This implies the exercise on the part
of this example of Lsthotrya of a degree of conscious selection of habitat
that can hardly be justified, and I think that it is much more likely that
the specimen was only able to occupy such a restricted habitat because of
its small size and that at a later stage it would have outgrown the Conia
shell and have fallen a prey to its natural enemies. I -believe the
species to be founded on a small and immature example and that many
of its so-called specific characters are due to its immaturity.

N In order to determine to what extent these differences in structure
can be explained and accounted for by differences of age I have examined
a series of eleven individuals of Lithotrya nicobarica, that to judge from
their size belong to four different years of age, and the results are given
below.

Ist CIRRUS.

This cirrus is, as I have noted above, placed, at some distance from the
second cirrus. The first segment of the pedicel is elongate and bears
on its anterior aspect at the distal end a small group of long spines, which
appear to arise in two series, while a few smaller spines are to be found
between the paired ones. At the distal part of the outer aspect of this
segment is a small group of long and delicate spines; in subsequent
stages of development these spines appear to be replaced by shorter
and stouter spines. The anterior and inner aspect of the proximal
part of the first free joint of the pedicel is perforated by a number of
small pores that appear to pass through the thickened chitin, and a
similar but smaller series of perforations can be found on the inner aspect
of the joint near the distal end and internal to the series of long spines
that fringe the segment in its distal region. As I shall have occasion
to mention later, when describing the other cirri, similar perforations
occur on all the cirri and in every case c\he perforation appears to be
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stud-shaped with a wide inner aperture (vide Text-fig. b) ; the canal narrows
somewhat as the external surface is approached and then again widens
out at the exterior end, though the aperture of the exit is smaller than that

@ o o o ®

TexT-FI@. . A portion of the chitinous exoskeleton of the first free joint of the pedicel
of the lst cirrus, showing the pores, highly magnified.

of the inner entrance. In the untreated individual each aperture appears
to be covered by a minute sharp spine, but these are usually lost in
examples that have been treated with caustic potash. With the excep-
tion of these spinules the external surface of the chitinous covering is
smooth and is not, as in the posterior cirri, covered with small spiny
scales. The second segment of the pedicel is short and broad and bears
a thick clump of long spines on its anterior aspect. In all stages of
development the rami are short. The distal end of each free segment
in the rami is armed posteriorly with a group of spines of two sizes, long
and short. The long spines are of varying length on the different seg-
ments, those on the 2nd and 3rd segments reaching to the middle of the
next segment but one, while those of the distal segments are considerably
shorter and only reach to or even fall short of the end of the next segment.
The posterior surface of the swollen proximal segments also bears a few
scattered spinules.

Breadth of example, 3-5 mm.

(Text-fig. 6 (b).)

At this stage of development eack ramus consists of eight segments.
The outer or anterior ramus is broader and stouter than the inner and
posterior, and is slightly shorter ; in it the first or proximal segment is
equal in length to the succeeding two and is incompletely divided into
two. The proximal six segments are thickly clad with long doubly-
serrated spines, while the two distal segments bear comparatively few
spines, these, however, are considerably longer than those on the basal
segments and their length in proportion to the total length of the ramus
is 24 : 50. In the inner ramus the proximal five segments are somewhat
swollen, though to a less degree than the corresponding segments in the
outer ramus. The three distal segments bear comparatively few, long,
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needle-like spines, that are also doubly-serrated and have a length, in-
proportion to the whole ramus, of 16 : 50.

TexXT-F16. 6. The cirrus of Litholrya “nicobarica—

(a) from a specimen measuring 8'5 mm. in breadth x 10.
(b) from a specimen measuring 35 mm. in breadth x 23.

Breadth of example, 5-:0 mm.

In this stage the anterior ramus consists of 8 segments and the poste-
rior of 10 segments.

The anterior ramus is broader than the posterior and the terminal
three segments are armed with long spines, the proportional length of
which in comparison with the length of the whole ramus is, however,
only 28 : 73. The proximal five segments are all armed with close-set
bristles.

In the posterior ramus the distal four segments are armed with
comparatively few spines.

Breadth of example, 8:5 mm.

(Text-fig. 6 (a).)

The anterior and posterior rami in this example are each composed
of 10 segments.

In the anterior ramus the basal six segments are thickly clad with
spines, and the terminal segments bear long spines that have, in propor-
tion to the whole ramus, a length of 39 : 115.

In the posterior ramus the basal five segments are thickly clad with
spines, while the distal segments bear only a comparatively few longer

spines.
Breadth of example, 10-0 mm.

Both rami now consist of 12 segments.

In the anterior ramus the basal seven segments are thickly clad and
the terminal segments bear long spines that have a length in proportion
to the whole ramus of 44 : 145.

In the posterior ramus the basal six segments are thickly clad with
spines.

It is thus clear that the number of segments that are swollen and
are thickly clad with spines remains, on the whole, fairly constant, while
the distal, more slender and sparsely-spined segments show a steady
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increase as the size and presumably the mge of the specimen increases.
The results found at each stage of development are given in the following

Table 9 :

ANTERIOR RAMUS. POSTERIOR RAMUS.

Size of example. Thickly Sparsely Thickly Sparsely

clad basal clad distal clad basal clad distal

segments. segments. segments, segments.
3*5 mm, 6 2 5 3
50 mm. 5 3 6 4
8'5 mm, 6 4 5 53
10°0 mm. 7 5 6 6

TaBLE 9 : showing the number of segments in the two rami of the 1st cirrus at different
stages of development.

The proportional length of the terminal spines of the distal segments
of the two rami in comparison with the length of the whole ramus shows
a steady decrease as age or size advances, as is clearly seen in the Table
10 below :

' Length of .
Size of example. Length of terminal Prog;ft;ﬁgal
ramus. spines. gths.
3'5 mm, 50 24 21 :1
5'0 mm, 73 28 2'6 . 1
8:5 mm, 115 38 30:1
10.0 mm, 145 44 3.3 . 1

TABLE 10 : showing the proportional lengths of the end spines and the whole ramus in
examples of different sizes.

The condition found in the smallest example approximates to the
description given by Darwin of the structure of the 1st cirrus in Lithotrya
cauta, in which the anterior ramus is thicker and shorter and  all the
segments thickly paved with bristles, except the two terminal segments,
of which the ultimate one bears some serrated spines of most unusual
length, namely, equalling within one segment the entire length of the
ramus.” The smallest examples in the present collection are considerably
larger than Darwin’s example of Lithotrya cauta and the terminal spines
are not so long, but this is in clear agreement with the steadily diminishing
length of the spines in the successive stages of growth.

2ND CIRRUS.

The basal or first free segment of the pedicel bears on its outer aspect
an elongate area in which the chitinous covering is made up of a number
of small scales (vide supra, p. 291). At all stages of development the
two segments of the pedicel are armed along their anterior margins with
numerous long spines, The posterior aspect of the distal end of the



1926.] R. B. SeyMouUR SEWELL : Lithoirya nicobarica Reinhardt. 297

basal joint is armed with numerous small pointed scales and the whole
posterior surface is perforated with numerous small pores (vide supra,
p. 294) as also is the case in the 2nd segment. Each perforation in the
spirit specimen appears to be crowned with a small spine, but in examples
that have been treated with caustic potash most of these have dropped
off and are lost. A similar series of perforations occur over an area
on the inner aspect of the 1st pedicel, posterior to the area of attachment
of the long doubly-serrated spines.

Breadth of example, 3-6 mm.

(Text-fig. 7 (b).)

The anterior ramus consists of 11 segments. This appendage is
thicker and somewhat shorter than the posterior branch. The basal 5
segments are broad and are provided with numerous spines ; the distal
segments are armed with three. pairs of long spines and between these
arise two or three shorter spines in a linear series. The penultimate
segment bears only 2 pairs of spines. The length of the terminal spines
in proportion to the length of the last segment is 17 to 85. The distal
border of each segment is armed posteriorly with a row or group of spines
of varying sizes ; in the last two segments some of these are long and reach
beyond the distal end of the next segment. The segments also bear
a row of small needle-like spinules on the distal margin of the lateral
surface and 1 or 2 larger spines at the antero-lateral corner.

The posterior ramus consists of 13 segments. The 1st basal segment
is only slightly inflated and bears comparatively few spines. The distal
segments are armed anteriorly with 3 pairs of spines, between which 3 or 4
spines arise in a linear series. All the distal segments are crowned with
a row of needle-like spinules, arranged as a palisade around their distal
margins and have one or two larger spines at the antero-lateral corner.
The terminal spines on the distal segments have, in proportion to the
distal segment, a length of 20 to 9-0.

Breadth of example, 5:0 mm.

The anterior ramus consists of 11 segments, of which the proximal
5 are broad and are armed with numerous spines.

The posterior ramus, in the example examined, possessed only 12
segments, which is one less than in the previous stage ; but, as I shall
show later, the average number of segments in the rami exhibits a steady
rise with increasing size. The four basal segments are armed with
numerous spines. The 8th segment in the specimen examined is in
reality double, though the line of separation is not complete ; the basal
half of the segment is slightly swollen and bears 2 pairs of spines, and
the distal portion, which is marked off by a constriction, bears 3 pairs
of spines.

In both rami the distal segments bear 3 pairs of spines and three or
four spines in a linear series ; a palisade of small needle-like spines runs
along the distal margin of the lateral agpect of each segment with one or
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two larger spines at the anterior end, and a tuft of larger spines is situated
on the distal margin of the posterior aspect of the joint.

TexT-¥F1G. 7. The second cirrus of Lithotrya mnicobarica—
(a) from a specimen measuring 8'5 mm. in breadth x JO.
(b) from a specimen measuring 3-5 mm. in breadth x 23.

The spines on the terminal segments of the posterior ramus have a
length in proportion to the distal segment of 18 to 8 and in the anterior
ramus of 21 to 10.

Breadth of example, 8-5 mm.

(Text-fig. 7 (a).)

The anterior ramus now possesses 15 segments, of which the proximal
6 are somewhat swollen and are armed with numerous spines. In the
distal segments the number of paired spines decreases from 4 pairs in the
middle of the ramus to 2 pairs at the distal end, as follows :—

Segment 7 8 9101112131415
No. of pairs of spines 4 4 4 4 4 3 3 2 2

Each segment has the usual palisade of needle-like spines on its
distal margin with two, or sometimes only one, larger spines at the
anterior end of the series. The tufts of spines on the distal end of the
posterior aspect of the segments consists of both long and short spines,
The terminal spines are, in proportion to the distal segment, as 31 : 14,

The posterior ramus consists of 16 segments, of which the proximal
ones are only slightly swollen. The proximal 4 segments are armed with
numerous spines but the remaining distal ones are normal ; the number
of paired spines on the distal segments are as follows :—

Segment 7 8 910111213 14 15 16
No. of pairs of spines 4 4 4 4 4 3 3 3 2 2

The proportional length of the terminal spines in comparison to the
length of the distal segment is as 28 to 12.
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Breadth of example, 10-0 mm.

The anterior ramus now possesses 17 segments, of which the proximal
7 are swollen and bear numerous spines ; the distal 10 segments bear
comparatively few paired spines, as follows :—

Segment 8 91011 12 13 14 15 16 17
No. of pairs of spines 333333322 2

The terminal spines, in proportion to the legnth of the distal segment,
have a length of 33 to 14.

The posterior ramus consists of 18 segments, of which the proximal
5 are somewhat swollen and bear numerous spines, though fewer than
the corresponding segments of the anterior ramus. The distal segments
bear the following number of spines :—

Segment 7 8 910111213 14 15 16 17 18
No. of pairs of spines 4 4 4 4 3 3 3 3.3 3 2 2

The length of the terminal spines is, in proportion t6 the length of the
segment, as 31 to 13.

The palisade of needle-like spines on the lateral surfaces and the
distal groups of spines on the posterior aspect of the various segments are
similar to those in the previous stages of development.

As one traces the series from small to large examples one sees that
the number of basal segments which are swollen and enlarged and are
thickly clad with spines steadily increases with increase in size and,
therefore, presumably with age, as is shown in Table 11.

No. oF SEGMENTS SWOLLEN AND THICKLY
SPINED.
Size of example.
Anterior ramus. Posterior ramus.
356 mm. B( 6)* 1(12)
5°0 mm. 5( 6) 4( 8)
85 mm. 6(9) 4 (12)
100 mm. 7 (10) 5 (13)

Table 11 : showing the number of segments in the rami at different stages of development,

* The numbers in brackets are the numbers of unswollen and thinly spined
segments at the distal end of the ramus.

According to Darwin there are in Lithoirya cauta in the anterior
ramus of the second cirrus six basal segments that are thickly paved
with spines and two terminal segments that are provided with only a
few spines, while in the posterior ramus all nine segments are armed with
only a few spines.. In the smallest examples of L. nicobarica the condition
of the anterior ramus is somewhat different from that of L. cauta as the
number of distal segments is much greater but this is probably
due to age, the number of such segments steadily increasing as age
progresses ; the posterior ramus shows a close agreement for only a single
segment shows any signs of increased breadth and is thickly clad with
spines. In L. dorsalis there are said to be * seven basal segments of the
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anterior ramus very broad and paved with bristles ; the eight terminal
segments having the usual structure ; in the posterior ramus the three
or four basal segments are similarly paved, but to a very much less
degree and the remaining thirteen have the usual structure.” On the
other hand in L. nicobarica, according to Darwin (1851, p. 362), “ the
anterior ramus has the eight basal segments highly protuberant and
thickly clad with spines, the upper nine having the usual structure;
the posterior ramus has the four or five basal segments thickly clothed
with spines and the twelve upper ones with the usual structure.” It is
clear that Darwin’s account of L. nicobarica applies only to the larger
specimens, namely to those having a length of 10-0 mm., while there is
so little difference between the condition found in L. dorsalis and the
examples of L. nicobarica of a length of 8-5 to 10-0 mm. that no reliance
can be placed on the number of swollen and heavily spined segments in
the rami in attempting to discriminate between the two species, if they
really are distinct.

As I have shown in the case of the 1st cirrus, the proportional length
of the terminal spines on the distal segments of the rami shows a steady
diminution in proportion to the length of the whole ramus with increasing
size, and the same phenomenon can be seen to occur in the second cirrus

also. In the following Table 12 I have given the lengths of the spines
and the terminal segment of the cirrus :—

ANTERIOR RAMUS. POSTERIOR RAMUS.
Size of example. Length | Length of | Propor- Length Length Propor-
of of tional of of tional
spines. segment. length. spines. segment. length.
356 m 17 85 20:1 20 9 22:1
50 m 21 10 21:1 18 8 23 :1
85 m 31 14 22:1 28 12 23:1
100 m 33 14 24:1 31 13 24 :1

Table 12 ;: showing the proportional lengths of the end-spines and the distal segments of
the rami of the 2nd cirrus in Lithotrya nicobarica.

From this data it is evident that though the length of the spines
decreases in proportion to the ramus as a whole, it shows a progressive
increase in proportion to the length of the segment that bears them.

3RD CIRRUS.

In its general structure this appendage is at all stages of development
very similar to the 2nd cirrus ; both segments of the pedicel are thickly
clad with small pointed scales and there are the same perforated areas
on the posterior aspect and on the inner surface posterior to the lon,
serrated spines. I have already (vide supra, p. 291) called attention
to the presence of an elongate white swelling, covered with small scales,
on the 1st free segment of the pedicel.
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Breadth of example, 3-5 mm.

(Text-fig. 8 (b).)

In the anterior ramus the first four segments are slightly swollen
and are armed with numerous spines. The distal segments bear three
pairs of long spines and three or four somewhat shorter spines in a linear
series between the paired rows. Each segment is crowned distally with
a palisade of needle-like spines, and there is usually one (occasionally
two) larger blunt spine at the antero-lateral angle of the joint. The
terminal segment bears long spines that have, in proportion to the distal
segment, a length of 74 to 38.

In the posterior ramus none of the segments are appreciably swollen
nor are they thickly clad with spines. The first basal segment is armed
with scattered spinules on its posterior aspect, and a few also occur on
the distal portion of the second and third segments. The distal segments

TexT-FIG. 8. The third cirrus of Litholrya nicobarica—

() from a specimen measuring 8'5 mm. in breadth x 10,
(b) from a specimen measuring 3-5 mm. in breadth x 23

of the ramus bear three pairs of spines and a linear series of three or four
spines along the anterior margin petween the paired rows : the penul-
timate segment bears only two pairs of spines and three in the linear row.
The length of the terminal spines is to the end segment as 102 to 48.

Breadth of example, 5-0 mm.

In this stage the four basal segments of the anterior ramus are rather
more swollen than the others and are armed with numerous spines. The
next few segments bear three pairs of spines and three or four in a linear
series, while the 2nd and 3rd last segm :nts bear only two pairs of spines.

H
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The length of the terminal spines is to the length of the last segment as
22 to 9. '

In the posterior ramus the basal three segments are armed with
numerous spines but are somewhat less thickly clad than the correspond-
ing segments in the anterior ramus. The fourth segment bears five
pairs of spines on the anterior border and a linear series of 5 or 6 spines
along the distal margin. Segments 5 to 8 bear four pairs of spines and
the linear row on the distal margin is reduced to 2 situated at the antero-
lateral angle. The 9th to 13th segments bear three pairs of spines and
the 14th bears only two pairs. The terminal spines are, to the length
of the segment, as 25 to 9.

In both rami the spines on the distal part of the posterior aspect
of each segment increase in length as one passes towards the tip of the
ramus and each group consists of two different kinds of spines; some
are short and are doubly serrated, while others are long and are con-
siderably thinner. There is a small group of needle-like spinules at the
base of these spines.

Breadth of example, 8-5 mm.
(Text-fig. 8 (a).)

In the anterior ramus the basal five segments are slightly swollen
and are armed with numerous spines ; the next 2 or 3 segments bear 4
pairs of spines, the 9th and 10th bear 3 pairs and 5 in a linear series along
the anterior margin, while the 20th to the 22nd bear only 2 pairs of
spines. The terminal spines are to the terminal segment as 22 to 11.

In the posterior ramus the three basal segments are slightly swollen ;
following these the next several segments bear 4 pairs of spines and a
linear row of 6 or 7 ; the 13th to 18th bear 3 pairs and the 19th to 20th
segments bear 2 pairs of spines. The length of the terminal spines is to
the end segment as 21 to 11.

Breadth of example, 10-0 mm.

In the anterior ramus the basal six segments are somewhat swollen
and are armed with numerous spines. Segments 7 to 9 bear 4 pairs of
long spines, segments 10 to 15 bear 3 pairs and segments 16.and 17 bear
only 2 pairs; throughout the whole series the segments bear a linear
series of 6 or 7 spines. The terminal spines have, in proportion to the
length of the segment, a length of 36 to 13.

In the posterior ramus the basal three segments are slightly swollen
but less so than the segments of the anterior ramus, and are armed with
numerous spines. The bth segment bears 5 pairs of spines, the 6th to
the 11th bear 4 pairs, the 12th to the 18th bear 3 pairs and the 19th only
2 pairs. The middle segments of the ramus bear 6 to 7 spines in a linear
row between the paired spines. The terminal spines are to the terminal
segment as 35 is to 15.

In this cirrus also the degree of inflation of the basal segments steadily
increases with increasing size of the example, as also does the number of
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segments that are thus affected. This is clearly shown in the following
Table 13. '

No. of segments
with numerous
spines in
posterior ramus.

No. of segments
Size of example. inflated in
anterior ramus.

3'5 mm. 4 (12)* 0 (15)
5°0 mm. 4 (12) 3 (12)
8'5 mm. 5 (18) 3 (18)
10°0 mm. 6 (12) 4 (16)

Table 13 ; showing the variation in the character of the segments of both rami
with increasing size.

* The numbers in brackets indicate the number of normal unswollen segments in the
two rami.

41H-6th CIRRI.

As in the 3rd cirrus, there are in all the three posterior cirri numerous
small perforations scattered over the posterior aspect of both segments
of the pedicel and over an area behind the row of long spines on the
anterior part of the inner surface. In all three cirri the posterior surface
of both free segments of the pedicel is armed with numerous minute

TexTr-¥Fig. 9. The fourth cirrus of Lithotrya nicobarica—

(@) from a specimen measuring 8-5 mm. in breadth X 10.
(b) from a specimen measuring 3-5 mm. in breadth x23.

pointed scales, and similar scales can be seen on the posterior aspect
of the proximal five or six segments of the rami of the sixth cirrus.

H 2



304 Records of the Indian Museum. [ Vor. XXVIII,

The long spines on the anterior aspect of the pedicels occur in two
series, between which are several smaller spines in a linear row. Except
as regards the number of segments in the rami there are few or no
changes in the cirri with increasing size or age. The posterior aspect
of the 1st free segment of the pedicel in the 4th and 5th cirri bears
an elongate white swelling covered with scales (vide supra, p. 291).

Breadth of example, 3:5 mm.
(Text-figs. 9 (b), 10 (b) and 11 (b).)

In the anterior ramus the 1st'and 2nd segments bear scattered spinules
on the posterior aspect. The number of paired spines on the anterior
aspect of the segments of the ramus are as follows :—

Segment 4 5 6 7 8 910111213 14 15 16 17 18 19
No. of paired spines 4 3 3 4 4 4 4 4 4 4 43 3 3 3 2

Between the pairs of spines there is in most of the segments a linear row
of four smaller spines. The terminal spines have in proportion to the
terminal segment a length of 16 to 9.

In the posterior ramus the segments bear a similar number of paired
spines and the length of the terminal spines is to the last segment as 22
to 8.

Breadth of example, 5:0 mm.

The pedicels are similar to those in the preceding stage, but the
basal third of the 1st pedicel is slightly prominent and bears a cluster
of long spines.

In the anterior ramus the segments bear the following number of
spines :—

Segment
No. of paired spines

5 6 7 8 910111213 14 15 16 17 18 19 20
4 3 4 4 4 4 4 4 4 3 3 3 3 3 3 2

The linear row of spines in the middle segments of the ramus usually
consists of 6.
The length of the terminal spines is to the end segment as 14 to 10.
In the posterior ramus the numbers of paired spines on the various
segments are exactly the same as in the anterior ramus with this excep-
tion that, owing to there being one less segment, the corresponding

numbers of the segments are 4 to 19, the nineteenth or terminal segment
bearing only two pairs.

Breadth of example, 85 mm.

(Text-figs. 9 (a), 10 (@) and 11 (a).)

In this stage of development in the 1st pedicel the proximal third of
the segment is prominent and bears a cluster of spines and the distal



1926.] R. B. SeyMour SEWELL : Lithotrya nicobarica Reinhardt. 30D

two-thirds bears a double row of long spines with intermediate smaller
ones on the anterior margin. The prominence of the proximal part
of segment is rather more marked at this stage than in the previous stage
of development. The 2nd pedicel is as in the previous stage.

..
A,

= ‘) =
/d :

TexT-F16. 10. The fifth cirrus of Lithotrya nicobarica.

(a) from a specimen measuring 8-5 mm. in breadth x 10.
(b) from a specimen measuring 3-5 mm. in breadth x 23.

In thé anterior ramus the number of paired spines on the different
segments are as follows :—

Segment 4 5 6 7 8 910111213 14151617 18 19 20 21
No. of paired
spines 5 3 3 3 44 4 4 4 4 44333322

There are usually 5 or 6 spines in the linear row on the anterior
margin.

In the posterior ramus, in the example examined, the number of
segments in the ramus was considerably greater, being as many as 24,
and the number of paired spines also exhibits a corresponding reduction
in some of the segments ; the actdal numbers were as follows :—

Segment 4 5 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24
No. of paired
spines 5 33 3 3433 4333333233332 2

In both rami the number of spines in the linear row situated at the
antero-lateral angle of the segment near the distal margin is 3 or 4 in the
basal segments, 2 in the segments in the middle of the ramus and 1 in
the distal segments, The length of the terminal spines is to the end
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segment as 33 to 14 in the anterior ramus and 29 to 12 in the posterior
branch.

TexT-F16. 11. The sixth cirrus of Litholrya nicobarica.

(@) from a specimen measuring 8:5 mm. in breadth x10.
(b) from a specimen measuring 3-6 mm. in breadth x 23.

Breadth of example, 10-0 mm.

The number of paired spines in this stage of development on the two
rami are as follows :(—

In the anterior ramus :

Segment 2 3 4565 6 7 8 910111213 14151617 18 19 20
No. of paired
spines B 4 4 4 4 4 4 4 4 4 4 43 333332

and in the posterior ramus :

Segment .23 4561789 10111213 141516 17 18 19 20 21 22 23
No. of paired

spines 54444444 4 4 4 4 4433333222

The segments in the middle of the rami bear 6 or 7 spines in a linear
series. The length of the terminal spines is to the end-segment of the
ramus as 35 to 14 in the anteriorsbranch, and as 36 to 12 in the posterior.

In a still larger example, measuring 11-0 mm. in breadth, the number
of paired ‘spines on the proximal segment of the rami had increased to
6. and in the next two segments to 5 pairs with 6 or 8 spines in the median
linear series in the middle segments.

I have already shown that in the first two pairs of cirri the length
of the terminal spines on each ramus steadily increases in each successive



1926.] R. B. Sevmour SEwEeLL : Lithotrya nicobarica Reinhardt.

307

stage of growth in proportion to the length of the segment that bears
them ; the same holds good in general in the posterior four pairs.

Size of specimen.

PROPORTIONAL LENGTHS OF SPINES AND
TERMINAL SEGMENT.

Anterior ramus.

Posterior ramus.

3'5 mm.
50 mm.
85 mm.
10°0 mm.

177 :
1:40 :
235 :
2:50 :
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_ Table 13 ; giving the proportional lengths of the terminal spines and the end segment
in the 4th to 6th cirri in specimens of different sizes.

In both the anterior and posterior ramus of the example of 5:0 mm,
measurement, the length of the terminal spines is considerably less than
in the other specimens. This is, I think, probably due to individual
variation. In the other cases there is a well-marked and progressive
increase in the length, in proportion to the end segment, of the terminal
spines, that is particularly well seen in the anterior ramus, though much

less clearly marked in the posterior ramus.

Lol mm@T NN
L st | 2vp | 3mD 5TH erm 252|5e
é e % OIRRUS. | CIRRUS. | OIRRUS. OIRRUS. OIRRTUS. CIRRUS. ‘;% E o ‘g; '§ 2 § )
EEE svE| %833
mm, | A. P.|A. P.| A P.| A P. A. P. A. P,
35 8 8|11 13|16 15 16 17 17 18 17 21 20 [
50110 9|13 13|13 13 17 19 . .. 12 4
5-0 8 10|11 12|16 15 17 18 18 18 | 17 20 14 .
66111 9|11 12|15 14 17 19 18 18 17 18 14 13 b
55 7111 13|13 15| 17 18 19 21 16 18 13 15 b
6-0 9113 13|16 16 17 18 18 21 20 20 14 9 7
65110 9})156 15| 16 16 18 19 19 20 20 21 18 12 9
13 8
80|10 10|16 13| 18 16 21 20 21 20 . 23 16 12 [}
80|10 8|16 12|15 15 17 18 18 18 17 20 14 14 8
85|11 10|15 16 | 23 21 21 24 23 26 23 22 19 27 9
96|10 9)]14 15619 18 21 » 21 20 21 20 17 17 7
13 9
100 | 12 12 |17 17} 19 18 20 23 22 23 21 21 17 18 9
106 | 11 12 {17 19| 20 22 23 22 26 24 26 24 .o
11:0 | 0 10|18 16 |18 18 21 23 20 24 16 .
10 10{15 16|18 17| 19 19 20 21 18 20 .

Table 14 ; showing the number of segments in the cifri, and in the caudal appendage ;
and the number of denticulations between the main teeth of the mandible in examples of
Lithotrya nicobarica of different sizes.
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A study of the data given in Table 14 shows clearly that there is a
very considerable range of variation in the number of segments in the
cirri ; but an analysis of the figures equally shows that there is a steady
increase in the average number of segments in each cirrus as the size
of the example increases in accordance with what T believe to be periods
or years of growth. In Table 15 I have given the average No. of seg-
ments in each cirrus in the specimens examined by me in each of the
four groups; the actual number of specimens examined is not large
but at least the figures can be taken as a rough guide.

1ST OIRRUS. | 2ND CTRRUS. | 3RD OIRRUS. | 4TH CIRRUS. | 5TH CIRRUS. 6TH CTIRRUS.

Ant. | Post. | Ant. | Post. | Ant. | Post. | Ant. | Post. | Ant. | Post. | Ant. | Post.

Group I 8 8 11 13 18 15 16 17 17 19 17 21
Group II 9 9 14 13 14 14 17 18 18 19 17 19
Group III 10 10 15 15 19 18 20 ‘21 21 22 21 22
Group IV 11 11 16 17 19 19 20 22 22 23 22 21

Table 15 ; showing the average number of segments in the cirri at different stages of
growth in Lithotrya nicobarica.

In view of the fact that Hoek has founded his species L. conica
largely on differences, between this species and L. nicobarica, in the
number of segments in the cirri, it is important to realise that quite
as great differences may be found in different growth-stages of the same
species : it is in consequence more than hkely that he was dealing merely
with slightly immature examples, a possibility that he himself foresaw,
for he (1907, p. 126) remarks in his description of the species The
specimens of L. conica are smaller than most of L. nicobarica ; some
of the latter, however, are as small as most of the L. conica, yet show
the differences in the shape of the capitellum and of the valves, which
I think are very striking. There is therefore no reason for me to admit
that the one form represents younger, the other older specimens of the
same species. On the other hand I would be by no means surprised
if future investigations show that the two forms really belong together
in some way or other.” In L. dorsalis the number of segments in the
rami, allowing for individual variation, corresponds to those present in
the third year of development of L. nicobarica.

Again, according to the descriptions of the various so-called species,
there would appear to be certain small differences in the number of
spines on the anterior aspect of the segments of the cirri. The only
author who has given any attention to this feature is Darwin. In
his descriptions of the speciesthe states that in Inthotrya truncata (vide
Darwin, 1851, p. 370) the segments of the three posterior cirri bear
three or four pairs of main spines and the usual row of smaller inter-
mediate spines; in L. caufa the segments of the three posterior pairs
are said to bear four pairs of spines with the usual intermediate fine
spines (Darwin, 1851, p. 358) ; L. nicobarica bears, in the three posterior
pairs of cirri, three or four pairs of long spines, with a single row of
moderately long intermediate spines (Darwin, loc. cit. p. 362) and L,
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rhodiopus and L. dorsalis are both said to have five pairs of very long
spines with an intermediate row of smaller spines, which in the case
of L. dorsalis are said to be four in number (loc. cit. pp. 355 and 366).
A study of the condition present in examples of different sizes of L.
nicobarica shows, once again, that these characters afford no assistance
in the specific diagnosis of the various forms. In the smallest examples,
measuring 3-5 mm., the three posterior cirri bear three or four pairs of
long spines and a median linear row of four smaller spines ; in the next
size, measuring 5-0 mm., there are still three or four pairs of long spines,
but the number of the intermediate spines has increased to six ; in the
example of 8-5 mm. size the paired spines were three to five in number
and the median unpaired row contained five or six; examples of 10-0
mm. possessed four or five pairs of long spines and a median row of six
or seven ; while, finally, the example of 11:0 mm. has five or six pairs
of long spines and a median row of six to eight. There is thus a very
clear increase in the number of both the paired and unpaired spines on
the segments of the posterior cirri in examples of different size in a
single species, and any difference noted in the so-called species may be,
and probably is, due entirely to difference in the size or age of the
specimen.

In some examples the ends of several of the cirri have been cut-off
and in one case a cirrus bifurcated at the end into two short secondary
branches. It appears probable that this amputation of the cirri has
been done by some predatory animal, who has seized the cirri as they
were protruded through the slit between the valves of the two sides,
during their to-and-fro movement that is so characteristic of the
barnacles. The bifurcated cirrus is probably an attempt on the part
of the individual to regenerate the injured Limb.

TeE CAUDAL APPENDAGE.

Text-fig. 12.

The caudal appendage exhibits a considerable degree of variation in
different specimens, especially as regards its length and the number of
segments of which it is composed. In the examples that I have ex-
amined the number of segments ranges from 14 to 22. In a single
example, having a measurement of 3-5 mm., the number is as high as
20 ; in three examples, whose measurements ranged from 5-0 to 6-0 mm.,
there were in each case 14 segments present ; while in examples whose
measurements range from 9-0 to f1:0 mm. the number of segments
vary from 15 to 22, the average being 18. I have already shown that
the number of segments in the various cirri exhibit a steady increase
with a corresponding increase in the size of the specimen, and one would
certainly expect to find that the same process is exhibited in the caudal
appendage, and, with the exception of the smallest example, this appears
to be the case, though, owing to the great variation present, a large
example may actually possess fewer segments in this appendage than
a smaller one. The proportional length of the appendage, in spite of
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the tendency to an increase in the number of its segments, appears to
show a steady diminution with increasing size, thus—

in an example of 3-5 mm. length, the appendage reaches the distal

end of the 9th segment of 6th cirrus ;

in an example of 8:5 mm. length, the appendage reaches the distal

end of the 7th segment of 6th cirrus ;

in an example of 10-0 mm. length, the appendage reaches the distal

end of the 5th segment of 6th cirrus ;

in an example of 11-0 mm. length, the appendage reaches the distal

end of the 4th segment of 6th cirrus.

&.

TExXT-FIG. 12. The caudal appendage in Lithotrya nicobarica.
(a) from a specimen measuring 3-5 mm. in breadth x 23.
(b) from a specimen measuring 8-5 mm. in breadth x10.
This apparent decrease in the proportional length of the appendage
appears in the main, however, to be due to a steady increase in the
length of the pedicel of the 6th cirrus, as is shown in the following

Table :—
[
Measurement Length of Length of
Group. of pedicel of caudal

specimen. 6th cirrus. appendage.
1 356 mm 0917 mm. 3-867 mm.
2 50 ,, 1717, 3-333 ,,
3 85 2:267 ,, 3:433 .
4 (a) 100 ,, 2:867 ,, 4167 ,,
(b) 110 ,, 2917 ,, 4-417 ,

Table 16 ; giving the length of the pedicel of the 6th cirrus and of the caudal append-

age in specimens of L. nicobarica of different sjzes,
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In Lithotrya dorsalis the caudal appendage is stated by Darwin
(1851, p. 356) to possess 17 segments and to equal 1} times the length
of the pedicel of the 6th cirrus, a condition that agrees remarkably
clearly with specimens of L. nicobarica having a breadth-measurement
of 85 to 10-0 mm. Hoek makes no mention of the proportional length
of the appendage of L. conica, but states that it possessed, in the speci-
men examined, 18 segments so that it also agrees with the larger ex-
amples of L. nicobarica. In L. cauta, however, Darwin (1851, p. 359)
describes the appendage as being only 1% times the length of the pedicel
of the 6th cirrus and having as few as 7 segments, so that the condition
is very different from that present in the smallest example of L. nico-
barica examined by me. The specimen of mine would, however, appear
to be somewhat abnormal, since it possessed far more segments than
one would expect, if, as I have suggested above, the number of these
exhibits a steady increase as growth progresses; the segments present
were 20, instead of some number below 14, the stage reached by speci-
mens having a breadth-measurement of 5:0 to 6:0 mm. (vide Table 14) :
and, furthermore, owing to the unusual number of these segments the
total length of the appendage in this small example is actually more
than in specimens of a greater size, namely 3-867 mm., whereas in a speci-
men as large as 85 mm., more than twice its size, the length of the
appendage was only 3-433 mm.

THE MOUTH PARTS.

Ter LABrRUM.

In all members of the genus the labrum appears to have the same
general structure. The mouth is separated, as Darwin pointed out,
from the adductor muscle by a considerable interval. The labrum is
therefore somewhat extended. It forms the anterior margin of the
mouth and is usually described as having a pair of palps. It is more
probable, however, that Hansen is right in thinking that these belong,
properly speaking, to the mandibles. According to Darwin (1851,
p. 354) the labrum in Lithotrya dorsalis is * considerably bullate, equal-
ling about half the longitudinal diameter of the mouth ; inferior part
produced so as to separate the mouth some way from the adductor
muscle ; crest with a row of blunt teeth and hairs; central part de-
pressed and flattened.” The same description would apply equally
well to L. nicobarica. In this latter species the labrum possesses a
rounded, somewhat swollen lateral regwn on each side and a central
somewhat depressed part; and the*whole of the free margin of both
parts is armed with a row of small teeth and is fringed with numerous
short hairs. In a small specimen of L. nicobarica, that I examined,
the labrum was furnished with thirteen teeth on each of the lateral
parts and fourteen on the depressed central portion. In another, and
one of the largest specimens, the number of teeth on the whole margin
was forty-two, so that there appears to be little or no change in this
feature with advancing age. Lithotrya conica, according to Hoek (1907,
p. 125), “ has about twelve small bluntiteeth on its central and about
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fifteen on each of the lateral parts.” It would appear, therefore, that
in the case of these two so-called species the structure of the labrum
is very similar to that in the examples of L. nicobarica. As regards
other species of Lithotrya, I can find no records of the number of
teeth present. Darwin (1851, p. 358) remarks that in L. cauta * the
teeth or beads on the crest of the labrum are blunt ; few, not very small
and equidistant.” In all other species he either only notes that the
labrum bears a row of teeth and hairs, or omits, as in his account of
L. nicobarica, any mention of this character.

Tae MANDIBLE.

Text-fig. 13.

In all the so-called species the mandible is of the same general type.
In his general account of the genus Darwin (1851, p. 348) states that
this appendage is provided ““ with three nearly equal large teeth, and
the inferior angle produced, broad, Wnd strongly pectinated: in the
interspaces between these teeth there are, in all the species, some very fine
teeth or pectinations, which are seated a little on one side of the medial
line. The mandibles are somewhat singular from the size of the trans-
parent flexible apodemes to which the muscles are attached ; these are
oval and constricted at their origins : in L. dorsalis they are roughened
with little points; in L. cauta and L. truncata they are large, of the
same shape, but smooth.” The description applies equally well to the
mandible of any of the so-called species, almost the only distinguishing
features being (1) the distance separating the upper pair of teeth and
that between the second tooth ax@.J the inferior angle of the mandibular
margm, and (2) the number of the'small pectinations between the large
primary teeth. In all cases the primary teeth are of approximately

TexT-F16. 13. The mandible of Lithotrya nicobarica.

(@) from a specimen measuring 3-5 mm. in breadth x 35.
(b) from a specimen measuring 8-5 mm. in breadth x 35.

the same size, but the distance between the first tooth and the second,
and between the second and the inferior angle are said to be different.
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In Lithotrya cauta Darwin (1851, p. 358) states that ‘‘ the distance
between the tips of the first and second main teeth, equals that between
the second tooth and the inferior angle.” In both Lithotrya dorsalis
and L. nicobarica the same author remarks (1851, pp. 354 and 358) that
the distance between the tips of the first and second teeth is consider-
ably less than that between the tip of the second tooth and the inferior
angle ; and Hoek (1907, p. 123) gives the measurements in the latter
species as 7 : 9. In the examples of L. nicobarica examined by me
there are considerable differences in this respect in individuals of
different sizes ; in specimens of a small size, having a breadth-measure-
ment of 3:5 to 5:0 mm., the distance between the first and second teeth
and that between the second tooth and the inferior angle is almost
exactly equal, namely 48 to 46 and 48 to 48 in the two mandibles; in
larger examples, however, such as those with a breadth-measurement
of 85 mm., the two measurements are 15 to 16 in one example and 18
to 22:5 in another, so that it seems clear that the distance between
the second tooth and the inferior angle increases proportionally with
increase in age. The smaller examples agree with the condition found
in L. couta, while the larger specimens on the other hand correspond
to both L. dorsalis and the previous accounts of L. micobarica. An
exactly similar condition of affairs is found to be present as regards
the number of small spines or pectinations between the large teeth.
In Lithotrya cauta, according to Darwin (1851, p. 358),  the pectina-
tions are equal in number, namely only three between the first and
second and the second and third main teeth ’; in L. dorsalis, according
to the same author, there are (loc. cit. p. 354) ‘ twice as many pectina-
tions, namely 15, between the first and second main teeth, as between
the second and third, namely about 7,” and in L. nicobarica there are
(loc. cit. p. 362) * fully twice as many pectinations (vsz., from 16 to 20)
between the first and second main teeth, as between (viz., 8 to 10) the
second and third main teeth.” In the smaller examples of L. nico-
barica, namely those of 3-5 mm. in breadth or one year’s growth, the
number of teeth in the two situations is from 6 to 8 between the first
and second teeth and 4 between the third and second, the proportion
between the two sets being 1-75 to 1. In the larger examples the two
sets of teeth consist, in three examples of the 2nd group or year, of 9 to
12 between the first and second teeth and 4 to 7 between the second
and third teeth, so that in this stage of growth the proportion between
the two sets is 2:2 to 1, and in this feature and in the total number of
teeth the specimens approximate to L. dorsalis. In the examples
of the third year, having a breadth of 6-5 to 85 mm., the number of
denticles in the two situations ranges from 12 to 27 between the first
and second teeth and 6 to 9 between the second and third. Out of
five mandibles examined four show from 12 to 14 between the first
two teeth ; the fifth example appears to be somewhat abnormal, not
only is the number of teeth high but the number of segments in the
cirri is much above the average, as a reference to Table 14 clearly shows ;
it seems probable that this particular specimen is really of greater age
than its size would lead one to think and that it is a member of the
fourth year group and not of the third. The inclusion of this abnormal
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example raises the average for the 3rd year group to 16 denticles be-
tween the first and second teeth and 8 between the second and third.
If we exclude this abnormal specimen, the average is 13 denticles be-
tween the first and second teeth and 8 between the second and third.
In the fourth year group the number of denticles between the second
and third teeth is still, on the average, 8, but the number between the
first and second has increased to 18.

It is thus clear that as age advances the total number of these pecti-
nations increases and the proportional number situated in the intervals
between the three main teeth changes, the number between the first and
second teeth becoming much greater than the number between the
second and third in old examples. The small examples of L, nicobarica
approximate to the condition in L. cauta, but as they were already
considerably larger the number of teeth is greater and the proportion
instead of being equal is already 1-75 to 1; on the other hand speci-
mens of the 3rd year agree with L. conica and the largest specimens
agree almost exactly with L. dorsalis.

The number of denticles on the inferior angle of the mandible also
appears to increase with age. In the smallest examples the number is
12, of which the spine at the extreme tip is the largest, as is the case in
L. cauta. In the larger examples the number has increased to 26 or
27 and the extreme tip is now crowned with four or five teeth.

Darwin (1851, p. 354) remarks that the sides of the mandible in
Lithotrya dorsalis are hirsute. He makes no further mention of this
character in his descriptions of the other species, but in all the examples
of L. nicobarica that I have examined the mandible shows this feature
quite distinctly, and it is probably of universal occurrence throughout
the genus.

Hansen (1925, p. 52 et seq.) has in a recent paper stated that in his
opinion the mandible in the Cirripedes is not homologous with that
appendage in the higher Crustacea. He shows that this appendage
consists of three separate joints or segments. At the base there is a
sheet of chitin which is continuous with the exoskeleton of the head ;
articulated to this is a short, more or less quadrangular segment and
then comes the actual biting part of the limb ; thus the actual cutting
edge is the terminal portion of a ramus and is not; as it usually is in the
mandible of other groups, a part of the basal segment. The mandible
in Lathotrya micobarica agrees exactly with Hansen’s account and, further
more, a study of this appendage in an example that has been cleared
in caustic potash shows that the so-called labial palp is in reality a part
of the mandible and consists of two regions, the proximal of which arti-
culates with the basal* segments of the mandible on the anterior side
of the articulation for the masticatory part and bears a few setae on
its outer border at the distal end. The whole appendage, therefore,
in reality consists of a basal part and a pair of rami, of which the
outer ramus, the palp, possesses two segments and the inner ramus
but one. The palps in this genus are stated by Darwin (1851, p. 348)
to be “ blunt and even squarely truncated at their ends; they are of
large size, so that if they had been half as large again or even less, their
tips would have met.”” There appears to be but little difference in the
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shape and character of this organ in the various species ; in Lithotrya
dorsalis and L. caula it is stated by Darwin (1851, pp. 354 and 358) to

g

/s
TEXT-FIG. 14. The mandible and palp of Lithotrya nicobarica.

be bluntly pointed, and Hoek (1907, p. 125) describes it in L. conica
as being short, conical, with the tip rounded. There are some differences
in the various accounts of this structure in.L. nicobarica, for Darwin
(1851, p. 362) states ‘“ palpi with their ends square and truncated ;
thickly clothed with long spines.” Hoek (1907, p. 123), however, says
that the ““ palpi have their ends rather more rounded than truncated.”
In my experience Hoek’s description is much more nearly correct, though
there is some degree of variation. In not a single example have I found
the palps to be truncated ; in some they are more bluntly pointed than
in others but I have been unable to correlate this difference with any
definite change in the size of the individual. In its general structure this
appendage exhibits some resemblance to the maxillula of other Crus-
tacea, but, as Borradaile points out, Hansen’s suggestion that it is not a
mandible and is really the maxillula, the true mandible being absent,
involves one in difficulties with regard to the homologies of the other
mouth-parts, since we must then assume that the opening of the ex-
cretory organ has migrated from the maxilla to the paragnathum. It
1s, I think, more probable that Borradaile is right and that the masti-
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catory part of the appendage is derived from the endite and not from
the gnathobase, as is more usual.

TaE MAXILLA.

(Text-fig. 15.)

The maxillae in all the various species of Lithotrya exhibit a close
degree of resemblance, both in their general shape and structure. In
all cases the appendage consists of two parts, a large and strong distal
part, which bears at its end the masticatory lobe with the spine-like
teeth, and an elongate narrow ‘‘ apodeme ” to which the muscles are
attached. The biting margin and the attached spines are stated to
exhibit in the various so-called species certain small differences, that
have hitherto been regarded as constituting specific characters, and
1 give below the arrangement recorded in each case.

Commencing with Lithotrya cauta, Darwin (1851, p. 358) states that
the maxilla is “ with the two upper spines very large ; beneath them
there are two small spines, and a considerable notch ; the inferior part
of the edge is nearly straight, bearing about thirteen pairs of spines,
obscurely divided into two groups, the lower spines being smaller than
the upper ones. The upper convex margin is hirsute with long hairs.”
In L. conica according to Hoek (1907, p. 125) “ the maxillae have a
notch, two spines are inserted above it, half a dozen delicate ones in
the notch and numerous pairs of spines beneath it. The inferior angle
can hardly be said to be prominent.” In, L. dorsalis the maxilla (vide
Darwin, 1851, p. 354) is * with the edge not quite straight, with the
whole inferior part slightly projecting ; spines very numerous, thirty or
forty pairs ; those close beneath the two upper great unequal spines, form
a tuft and are rather thinner than the others, as are also those near
the inferior angle ; sides hirsute.” The accounts by different authors
of this appendage in L. nicobarica differ somewhat ; Darwin (1851,
p. 362) states that it is ““ with the edge very slightly irregular, beneath
the two great upper spines is a slight notch, with some small spines ;
inferior angle slightly prominent, with a brush of moderately fine spines ;
besides these there are -about seventeen pairs of large spines; sides
very hairy.” Hoek (1907, p. 123), however, remarks that ‘themaxillae
sometimes have the notch beneath the large upper and two ‘smaller
spines distinct, sometimes it is hardly visible. In no case have I ob-
served two large upper spines. In the notch, or if it is absent in the
place it occupies in other maxillae, three or four very short and delicate
hairs are planted. Next follows a slightly protuberant part with 5 or 6
pairs of spines and.then a second smaller notch. Then about 8 pairs
of spines and finally the slightly prominent inferior angle with a brush
of rather short spines.” A study of this appendage in examples of
different’ sizes shows that there are certain definite changes that are
associated with an increase in size and it is impossible to conclude that
they are other than age changes. In examples of the smallest size,
having a breadth-measurement of only 3-5 mm. (Text-fig. 15 (a)), the
biting margin of the maxilla is armed above with two large equal spines,
below which is a distinct notch in which are planted three pairs of short
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and comparatively delicate spines ; below the notch the margin is nearly
straight. Following the notch are six pairs of long spines and these
are succeeded by eight pairs of thinner spines on the inferior part of the
margin and round the inferior angle. The sides of the appendage are
hirsute and the convex upper margin is fringed with long hairs. The
condition at this stage clearly agrees closely with the description of

Texr-ri¢. 16. The maxilla of Lithotrya nicobarica.
(@) from a specimen having a breadth-measurement of 3:5 mm. x 35.
(b) from a specimen having a breadth-measurement of 8:5 mm. x 35,

the appendage in Lathotrya cauta. In the succeeding stage, in which the
breadth-measurement is 5-0 mm., there are at the upper angle two large
spines and one of medium size ; ‘these are followed by a small notch in
which are planted three pairs of small spines. These again are succeeded
by five pairs of medium-sized spines and then follows a second small
notch. Finally there are at the inferior part of the border seven pairs
of smaller spines. The inferior angle is not markedly produced and the
sides of the appendage are hirsute. There is a tuft of long hairs on the
upper margin near the angle. In a second specimen of approximately the
same size, having a breadth-measurement of 5-5 mm., there is only a
single large spine at the upper angle and a second smaller one beneath
it. In the notch are four pairs of small spines and the succeeding two
groups of spines consist of nine and twelve pairs respectively. In the
stage of development in which the breadth is 8-5 mm. (Text-fig. 15 (b))
there are again two large spines followed by a distinet notch in which
are four pairs of small spines. The next group of spines, of medium
size, is divided into two by an additional small notch, the two sub-
groups are composed of four and five pairs of spines respectlvely
The lower part of the edge bears sixteen pairs of small spines. The
lower angle is somewhat prominent and the sides of the appendage are
hairy. The usual tuft of long hairs occurs on the convex upper margin.
In the largest size of all, havmg a breadth of 11-0 mm., there is
again only a single large spine followed by one somewhat smaller. In
the notch are four pairs of small spines; then follow five pairs of
medium-sized spines, a second small notch and five more pairs of some-
what smaller spines; along the inferior part of the margin are about
sixteen pairs of samll spines and the inferior angle is somewhat prominent

I
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and is crowned with a small group of about four small flame-shaped
spines. The sides are hirsute and the convex upper border bears the
usual group of long hairs.

It is thus quite clear that the number of spines on the margin of the
maxilla exhibits a steady increase with increasing size. The smallest
example examined agrees closely with the condition stated to be charac-
teristic of Lithotrya cauta. In the next stage the condition seems to be
much akin to that of L. conica. The 8-5 mm. stage corresponds to the
condition in L. dorsalis, with the exception of the two large spines at
the upper angle. L. dorsalis is stated to have only two unequal spines
as is also the case in the example of L. nicobarica that only measures
55 mm. in breadth. Finally the largest examples examined by me
show a close agreement with the description given by Hoek of this
species.

TeHE 2ND MAXILLA.

(Text-fig. 16.)

The third pair of oral appendages were regarded by Darwin as being
a second pair of maxillae. Hansen (1925, p. 51) has put forward the view
that this appendage is of a totally different character and in reality
corresponds to the labium of other Crustacea or, as he terms it, the hypo-
pharynx. Ashe points out, there is no trace of any fusion of two lateral
organs in the middle line, such as one would expect if this structure were
the remains of paired appendages; and he does not consider that the
presence of the two openings of the excretory organs, which were mis-
taken by Darwin for olfadtory organs, on the outer side of the appen-
dage is sufficient ground for not accepting this view.

The appendage in all species is very similar as regards its shape but,
according to the accounts given by the various authors, there would
appear to be minor differences, which might be considered to have a
diagnostic value, if they could be shown to be constant. In all the
so-called species the outer or posterior margin is curved and is thickly
provided with long, doubly-serrated spines or setae. The anterior
inner border is stated to be slightly concave and is thickly clad with
short spines, and in most species it is stated that the row of spines is
continuous ; this is the condition as described in Lithotrya dorsalis,
L. cauta and L. conica ; in L. dorsalis the appendage is stated to be blunt,
while in L. cauta it is said to be rather pointed. In the case of L. nico-
barica the accounts given by various authors differ; Darwin (1851,
p. 362) states that the *“ inner margin (is) slightly concave, and with the
spines continuous.” Hoek (1907, p. 124), on the other hand, states
that there is a “ sipall but distinct notch between the upper and lower
groups of spines;”’ this condition approximates to that found in L.
truncata, in which, according to Darwin (1851, p. 370), the outer maxilla
is ““ considerably concave in front, with the spines almost discontinuous
in the middle part.” In the examples of Lithotrya nicobarica that I
have examined there is a considerable range of variation. In small
examples (Text-fig. 16 (a) and (b) ) the inner margin of the appendage
is markedly concave, the two lobes of the margin meeting each other
almost at an angle and there is also a very clear gap between the two
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sets of spines on the two lobes. At this stage, therefore, the specimens
resemble Hoek’s account of L. nicobarica and Darwin’s description of

TEXT-FIG. 16. The 2nd maxilla of Lithotrya nicobarica in specimens of different sizes
x 35.

L. truncata. In larger examples (Text-fig. 16 (c)) the inner border is
only slightly concave and there is little or no tendency to a division or
gap between the two sets of spines; the extent to which the inner
margin is indented also varies considerably in different specimens. It
seems quite clear that in attempting to discriminate between the various
species one can place no reliance on slight differences either in the shape
of the appendage or in the arrangement of the spines.

The basal plate, to which the two appendages are attached, appears
to consist of two parts. This seems to have been noticed by Darwin,
for in his description of the Lepadidae (1851, p. 42) he remarks that the
two orifices occur “‘ on the exterior face of the outer maxillae, above a
trace of an upper articulation.” In Lithotrya nicobarica this condition
can clearly be seen ; the plate to which the appendages are articulated
is separated by a clear articulation fyom a second, somewhat crescentic
plate, which has the appearance of being perforated by a number of small
holes.

THE ALIMENTARY CANAL.

The alimentary canal of Lithotrya nicobarica, as one would expeet,
agrees in its main features very closely with the condition characteristic
of the Lepadidae. The canal consists of three regions, the oesophagus,
stomach, and intestine. So far as I am aware, no investigations have
been carried out on the embryonic development of these regions but it

K
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seems justifiable to conclude that they correspond to the three embryo-
nic areas of the stomodeum, the mid-gut and the proctodeum respec-
tively, since, as Darwin has shown in the Lepadidae, and as I have been
able to confirm in the genus Lithoirya, the oesophagus and the intestine
are both lined throughout their length with a stout chitinous investment,
whereas the stomach or mid-guf is devoid of any such covering though
the contents of the gastric cavity appear to be enclosed in a sac-like
structure that is composed of a.very delicate wall of either chitin or some
chitin-like substance. The oesophagus, as in the Lepadidae, is of con-
siderable length. Owing to the unequal length of the anterior and
posterior lips the opening of the mouth looks somewhat backwards
towards the abdominal cirri. The inner aspect of the mouth, on the
anterior side and above the row of small teeth on the inner aspect of the
labrum, is lined with a tongue-shaped area of thickened chitin, on either
side of -which there is smaller oval or rounded area, in which the chitin
is also thickened, though to a less extent ; and these areas bear a number
of delicate, backwardly-directed setae or hairs. The oesophagus passes
at first forwards and downwards and then bends round, following with
the stomach, the general curvature of the body. The oesophageal
canal is surrounded by a thick layer of circular muscle-fibres and its
inner wall is thrown into a number of folds, which appear to be of two
kinds, primary and secondary (Text-fig. 17) ; the larger or primary folds
are four in number and extend inwards till they almost meet each
other in the centre ; between each pair of primary folds are two smaller
secondary folds. There are thus twelve folds in all, running down the
length of the oesophageal canal. A narrow, but well marked, radial band
of muscle-fibres arises from the outer surface and, passing through the

TexT-¥16. 17. A transverse section of the oesophagus of Lithotrya nicobarica.

circular layer of muscle, is continued inwards into each radial fold. The
inner wall of the oesophagus is lined with a thick layer of chitin, which is
continuous through the aperture of the mouth with the chitinous in-
vestment of the body. The oesophagus opens somewhat abruptly
into the cavity of the stomach and the actual orifice appears to be si-
tuated on a papilla that projects into the stomach cavity ; the chitinous
lining of the oesophagus is reflected over this papilla and then rapidly
thins out and ceases. The proximal region of the stomach, where the
oesophagus enters, is surrounded by a dense glandular mass, which is



1926.] R. B. SEvMoUR SEWELL : Litholrya nicobarica Reinhardt. 321

as a rule heavily pigmented and which probably has an hepatic func-
tion. The rest of the stomach is coated externally with a pulpy layer
of glandular tissue, in which the glands are arranged in longitudinal
lines and can occasionally be seen to branch. Darwin (1851, p. 45)
states that the whole stomach is thus coated ; in Lithoirya nicobarica,
however, there is an oval area on the dorsal aspect of the stomach,
where it comes into close contact with the chitinous covering of the body,
over which this glandular layer is very largely reduced or is even altoge-
ther absent. The contents of the stomach in this genus seem to be identi-
cal with those other Cirripedes: Darwin (1851, p. 45) states that
‘“ the prey, consisting generally of crustacea, infusoria, minute spiral
univalves, and often of the larvae of Cirripedes, is not triturated.” An
examination of the stomach-contents of Luthotrya mnicobarica shows
that the food consists largely of small gastropod molluscs, small copepoda
and the ‘ cypris’ larvae of either other Cirripedes or possibly* those of
Lathotrya itself, as well as of finer debris or detritus. In several examples
it was found that the curved cirri held in their concavity a number of
small sand grains, and in one or two cases copepods were seen trans-
fixed by the doubly-serrated spines of the segments of the rami. Al-
though I have in no case found actual sand grains in the stomach-con-
tents of Lithotrya micobarica, it seems probable that these may find
their way into the mouth, since in more than one instance several or
even most of the smaller denticles between the large primary teeth
had been broken off, but probably when this occurs the stony particle
is rejected and not swallowed. The gastric contents appear to be
enclosed in a capsule of thin chitin, which is, however, quite separate
from the inner wall of the stomach itself. The intestine is narrower
than the stomach and passes back near the carinal or dorsal margin
of the body to the anus; this region of the alimentary canal is, like
the oesophagus, lined with a thin layer of chitin. The anus is situated
at the extreme end of the body and immediately posterior to the
commencement of the long penis, having the basal portion of the 6th
cirrus and the caudal appendage on each side.

THE NERVOUS SYSTEM.

(Text-fig. 18).

The nervous system of Lithotrya nicobarica differs in several important
features from that of examples of both the genera Lepas and Pollicipes.
Darwin in his account of the nervous system in the Lepadidae states
(1851, p. 46 et seq) that * in most of the genera there are six main ganglia,
namely, the supra-oesophageal, and five thoracic ganglia ; but in Polli-
cipes mitella there are only four thoracic ganglia. Of these, the first
or infra-oesophageal ganglion is considerably the largest and' most mas-
sive.” As Koehler (1889; p. 202) has pointed out, the fourth and fifth
ganglia are in close relationship to each other and the nerves uniting
them are, in consequence, very short, so short indeed that in the genus
Pollicipes the two ganglia are actually in contact. It is this union of
the two ganglia in this genus that has caused Darwin to state that there

K 2
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are only four thoracic ganglia. In the genus ILsthotrya, if L. nicobarica
can be taken as an example, the supra-oesophageal ganglia are pear-
shaped and are small in comparison with the other and more posterior
ganglia ; the two ganglia are united together at their broad ends without
any intervening commissure and the narrow posterior ends are con-
tinued backwards as the two circum-oesophageal commissures. From
the anterior aspect of the ganglia arises, on each side, a stout nerve,
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TexT-F16. 18, The central nervous system of Lsthotrya nicobarica ; a.n., adductor nerve ,
b.n., buccal nerves; c.c., circum-oesophageal commissure; g.n., gastric nerve;
Ln., lateral nerve ; n.p., nerves to the penis ; o.g., optic ganglion ; o.n., optic nerve;
p.n., peduncular nerve ; I—VI, nerves to the lst—6th cirri.

the peduncular nerve, and near' the middle line three nerves arise,
of which the outer pair are the larger; this outer nerve appears to
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correspond to the nerve to the optic ganglion, described by Darwin
in Lepas fascicularis and other species of the family Lepadidae, but up to
the present I have been unable to trace the ultimate distribution of the
branches. After a short course the nerve enters a small but definite
optic ganglion and from the anterior end of this a nerve passes to the
eye. Gruvel (1905, p. 408) states that the eyes in Lathotrya are fused
to form a single mass, as in the genus Lepas. I have, unfortunately,
up to the present time completely failed to detect the eye itself in any
of the examples of L. nicobarica that I have dissected, though I have
been able to trace the nerve as far as the ganglion and to
see the commencement of its continuation from there towards the eye.
The long circum-oesophageal commissures pass backwards on either
side of the oesophagus, giving off the lateral nerves about half way
along their length, and unite posteriorly with the two fused sub-oesopha-
geal ganglia. As in the genus Lepas the sub-oesophageal ganglionis of
a square shape, but in this genus is not markedly larger than the follow-
ing ganglia and it presents no trace of being formed of two lateral ganglia.
From below and behind the point of origin of the circum-oesophageal
commissure there arises on each side of the ganglionic mass a large nerve
that appears to consist of two parts ; this passes downwards and forwards
around the oesophagus to supply the large adductor muscle of the two
scuta. Immediately behind the origin of this nerve and the commence-
ment of the circum-oesophageal commissure there is a constriction in
the lateral wall of the ganglion that gives to it an appearance as if the
ganglion were originally composed of two parts, an anterior, from which
arise the commissures, the adductor nerves and the three nerves to the
buccal mass, which have their origin on the dorsal aspect of the ganglion
near its anterior border, and behind this constriction the ganglion exhi-
bits on each side a small swelling in the postero-lateral region from which
arise the two large nerves to the first pair of cirri; from the anterior
part of this region a smaller nerve arises and passes to the viscera, while
from the posterior region yet another nerve arises and runs to the muscles
below the cirrus. It thus seems clear that this ganglion is in reality
two that have become fused, namely the sub-oesophageal ganglion proper
and the 1st thoracic ganglion. Behind the sub-oesophageal ganglion
are three more visceral ganglia ; each of these is connected to the ganglion
in front by a pair of stout short nerve-cords between which there is,
in each case, a circular or oval passage. Neither of the posterior ganglia
exhibits any trace of division into lateral regions. From the 1st visceral
(or 2nd thoracic) ganglion arise a pair of nerves, the stouter of which
passes to the 2nd cirrus. The 2nd visceral ganglion sends off from each
postero-lateral aspect a pair of large®nerves that run respectively to the
3rd and 4th cirri ; it would seem clear, therefore, that this ganglion is in
reality the result of the fusion of the third and fourth thoracic ganglia.
The 3rd visceral ganglion from its posterior aspect sends off two pairs
of large nerves to the 5th and 6th cirri respectively and from its extreme
posterior part there arise a’ pair of small nerves that supply the penis,
Here again it seems clear that this ganglion is in reality formed from the
fusion of two originally separate ganglia, namely those of the 5th and 6th
thoracic segments. The nerve to the 5thy cirrus breaks up into a numher
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of smaller branches, while that to the 6th cirrus is at first rounded but
later swells out into a broad ribbon-like structure.

The arrangement of the various ganglia in the line of the ventral
nerve cord seems to provide a very clear dlagnostlc feature between the
various genera in the Family Lepadidae ; in the genus Lepas, of which
Lepas fascicularis may be taken as an example, the first four thoracic
ganglia are separate and supply nerves to the first four pairs of ciri,
while the fifth and sixth ganglia, supplying the 5th and 6th cirri, are
fused ; in the genus Pollicipes, of which P. mitella may be taken as the
type, as Darwin points out (1851, p. 48) * there are only four instead of
five thoracic ganglia, it is evident from the outline and position of the
nerves going to the fourth pair of cirri, that the fourth ganglion is fused
into the fifth, itself, as we have just seen, normally composed of two
consecutive ganglia.” In this genus, therefore, the posterior ganglion
of the series is in reality formed by the fusion of three ganglia, namely
the fourth, fifth and sixth. Gruvel (1905, p. 408), in his description
of the nervous system of Pollicipes cornucopia and P. polymerus, endorses
the account given by Darwin of this system in P. malella. In all three
gpecies the last two ganglia in the chain are in close apposition and the
terminal ganglion is in reality the fused ganglia of the fifth and sixth
segments of the thorax. Gruvel remarks * Celle qui donne naissance
aux nerfs de la cinquiéme paire est placée au-dessus de celle qui fournit
ceux de la sixiéme. C’est ce que ’on observe également dans le genre
Lithotrya o le systéme nerveux est & pew prés semblable & celui du
genre Pollicipes, mais les yeux forment une masse unique.” In the
genus Lithotrya, if L. nicobarica may be taken as a guide, the posterior
ganglion of the series is, as in the genus Lepas, composed of the fused
fifth and sixth ganglia, but the immediately preceding ganglion is in this
species formed by the fusion of the third and fourth ganglia and so
supplies the third and fourth pairs of cirri. Lithotrya nicobarica cer-
tainly resembles Pollicipes in the possession of only four instead of five
ganglia in the ventral chain but differs in the manner in which these
have become.fused together.

REPRODUCTIVE SYSTEM.

As in other Cirripedes, all the species of Lithotrya appear to be her-
maphrodite, though up to the present time no complemental or parasitic
males have been discovered in this genus. The general anatomy of the
two sets of organs—male and female—agrees closely with that of Lepas.
The testes form a scattered racemose gland that spreads throughout
the body. The vesiculae seminales, lying on each side of the body, are
large and the broad blunt end lies anteriorly on each side of the prosoma ;
in certain specimens there is a blunt broad diverticulum from the ventral
aspect. The ducts from the testes converge and fuse together before
entering the vesicula by a single aperture. The vesicula seminalis is
surrounded by circular muscle-fibres and owing to more or less localised
contractions of this layer the organ occasionally appears to consist of
two regions, an anterior wide part and much narrower posterior portion,
From the posterior end of the vesicula the vas deferens arises and passes
backwards to the extreme Postenor end of the body ; at the base of the
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penis the two ducts unite together to form a single channel, that passes
up the penis and opens at its extreme tip by a small round aperture,
the entrance to which is guarded by several small spines or hairs. The
penis is heavily pigmented and is corrugated or ringed ; the basal part
is ringed on its posterior aspect only and this is followed by a short and
somewhat constricted portion in which there is no trace of any corruga-
tion. The terminal region, which is much the longest, is again ringed
throughout its whole length with the exception of the extreme tip.
Throughout the greater part of the long flexible portion of the penis
these rings are complete, but near the base the anterior and posterior
surfaces are grooved alternately by a series of half rings which overlap
and alternate with each other at the sides. There are in all some 58 to
60 rings. The extreme tip is nipple-shaped with a terminal aperture.

As Darwin (1851, p. 349) has shown the ovary fills the basal portion
of the peduncle. -The main part of the organ lies at the extreme end of
the cavity, between the two lateral retractor muscles, and extends for a
short distance up the sides of the cavity though never reaching as far as
the bases of the scuta and terga. The remote position of the ovary is
probably correlated with the high degree of contractility of the peduncle.
In full-grown examples the organ is pigmented with scattered black
granules, so that in its general appearance it has a grey colour. The
ovary appears to develop at a somewhat later stage than the testes. In
the smallest examples, 3-5 mm. in breadth, the testes and vesiculae semi-
nales are already well-developed and appear to be functional, whereas
the ovary is extremely small and the oviducts appear to be solid masses
of epithelial cells without any distinct lumen. It would appear probable,
therefore, that Lithotrya, though hermaphrodite in the fully adult stage,
is protandrous.

The oviducts open on a small rounded elevation at the base of the
first free segment of the pedicel of the Ist cirrus. The terminal portion
of the duct is expanded into a globular or oval cavity. This cavity
was observed by Darwin, who, however, considered it to be an accoustic
organ. It appears probable that this sac secretes the chitinous enve-
lope of the ova.

Out of eleven examples examined by me three were ovigerous. The
eggs are deposited in two circular, flattened or slightly concave discs,
that lie free in the cavity of the capitellum and upper part of the
peduncle on either side of the body. In one example a number of eggs
were, in addition, loose in the cavity of the peduncle. I could find no
trace in any example of Lithotrya nicobarica, that I examined, of
ovigerous fraena. Darwin (1851, p. 300) records that in L. truncata the
fraena are large with an almost bilobed outline ; the margin and whole
lateral surface being covered with elongated cylinders, finely pointed
but not enlarged at their extremities, as are the glands observed in
most of the other genera. The eggs in ILathotrya nicobarica are oval in
shape but are more sharpl}f pointed at one end; they appear to be
covered with a delicate chitinous covering or shell. 1In length they vary
slightly in different individuals, ranging from 0-235 mm. to 0-276 mm. ;
their breadth is about 0098 mm. Darwin (1851, p. 349) only saw the
eggs in Lithotrya truncata ; in this species he notes that the eggs were
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oval and large, being nearly 4/900ths of an inch (0-570 mm.) in
length. We appear to have here two definite points of difference
between ILithotrya nicobarica and L. truncata. Darwin does not state
that the fraena are absent in the other species that he examined ; as,
however, he examined numerous specimens of L. dorsals, it seems
justifiable to conclude from his silence on the point that they are not
present in that species and that in this respect L. dorsalis and L.
nicobarica resemble each other.

A general consideration of the above-mentioned facts and of the
various changes that occur in individuals of the species Lithotrya nico-
barica, as size and age increase, induces me to believe that several so-
called species, which have up to the present time been regarded as distinct,
are in reality merely different varieties or life-phases of one single species.

Our knowledge of Lithotrya  rhodiopus is confined to the imperfect
account given by Darwin, and, in consequence, its relationships to-other
forms must remain doubtful. To judge from the general characters of
the valves, Lithotrya truncata and L. valentiana are closely related and may
even be identical. ILithotrya truncate would certainly appear to be a
different species from L. nicobarica, but the same cannot be said of L.
cauta, L. dorsalis, L. pacifica or L. conica. As Darwin himself (1851,
p. 350) remarks ““it is not easy to imagine a better marked series of
transitional forms, than those presented by the terga, in passing from
L. dorsalis through L. micobarica, L. rhodiopus and L. truncaie to
L. valentiana > and it may thus be possible that all these forms are, in
reality, merely different varieties or phases of a single species. I hesitate,
however, to include the last two forms, but the remainder, namely :—

Lathotrya cauta Darwin

Lithotrya nicobarica Reinhardt

Lithotrya conica Hoek

Lithotrya pacifica Borradaile

Lithotrya dorsalis Sowerby

Lathotrya dorsalis var. maldivensis Borradaile
Lathotrya dorsalis var. rugosa Borradaile

are, I beli.eve, all representatives of a single widely distributed and some-
what variable species ; and such differences as have been noted are due
probably to age or to individual variation. If this be correct, the name

L. dorsalis will have priority.
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a2 |4 LE| .
o No. oF No. oF No. oF : : ?&'L%‘; ;;%)A.L(I)i:ls‘ Eg g g
2 ZONES OF ZONES OF ZONES OF | & & SUBJACENT | SUBJACENT |38 2
E Scutum. Tergum. Latera. I g ] ) 70 Latera. TO Tergum. § 2 o8
A B3 |ws wal .
£ |mi , SIS _ °g| 22
5 |Right.| Left. [Right.| Left. [Right.| Left. | S& | SO |Right.] Left. |Right.| Left. | 28] 28
mm.
36| 10 7 10 6 11 8 4] 12 6 7 3 8| 80
37 6 6 6 4 4 6 6 4 5 2 5| 80
38| 7 8 6 8 7 7 6| 10 5 5 1 6| 8o
39| 12 17 6 10 5 5 4| 12 5 5 2 7| 80
40 6 7 7 8 5 5 7 9 5 2 4! 80
41 7 6 5 5 7 b 4 7 6 4 2 5| 80
42 9 17 9 9 5 5 6 9 7 6 3 3 6| 80
43 8 9 5 6 4 5 5 8 5 5 2 2 5| 80
44 8 9 5 7 4 5 4 6 5 5 3 6| 85
45 5 7 9 7 6 4 5 8 5 5 2 4| 85
46 9 8 8 7 7 6 5 9 6 6 2 2 5| 85
47| 10 9 5 8 4 5 4 9 7 5 2 2 8| 85
48 7 6 4 11 4 4 2 5 4 5 2 3 5| 85
49 8 8 9 9 5 3 5 7 5 4 2 2 4] 85
50 8 10 9- 9 6 5 -5| 1s 5 6 3 1 5] 90
51 9 11 9 9 8 10 3! 14 5 5 3 5| 100
52 5 8 7 6 5 5 5 7 5 5 2 5| 100
53 | 12 10 9 8 4 5 4 8 6 7 3 4| 100
54 5 4 15 3 4 3 6 6 2 5| 100
55 8 8 8 8 9 7 7 8 6 7 2 8| 105
56 | 11 12 11 6 10 5| 12 6 6 3 5| 105
57| 5 5 5 9 1 2 2 5 5 4 2 6| 105
58 7 7 3 6 2 5 4| 6 6 2 - 5| 110
59| .6 9 10 11 3 4 4 7 8 2 6| 110
60 8 9 5 6 5 6 4 6 6 7 4 6| 115

In the above appendix I have given the size, measurement, No. of
zones in the valves, and the number of calcareous scales subjacent to
the Latera, Terga and Rostrum in 60 examples of Lithotrya nicobarica.
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EXPLANATION OF PLATE XIV.

Photographs of different types of Lithotrya nicobarica Reinhardt
from the same colony.

Figs. 1, 2.—Examples corresponding to L. pacifica Borradaile.
,, 3 and 5.—Examples corresponding to L. conica Hoek.
Fic. 4.—Example corresponding to L. nicobarica Reinhardt.
Figs. 6, 7.—Examples corresponding to L. dorsalis Sowerby.
,» 8, 9.—Examples showing elongation of the Carina.

Fic. 10.—An example of L. micobarica Reinhardt with a colony of
Balanus tintinabulum Lin., var. communis on the external
surface of the Tergum.

11.—An example of L. nicobarica Reinhardt with a growth of
alga on the outer and upper aspect of the Tergum.

”
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EXPLANATION OF PLATE XV

Fic. 1.—Examples of the Tergum of Lithotrya nicobarica Reinhardt

bR

»

3

2

(inner aspect) showing individual differences in shape, size,
ete.

2.—Examples of the Latus of Lithotrya nicobarica Reinhardt (inner
aspect) showing variation in size and shape.

3.—Examples of the Scutum of Lithotrya nicobarica Reinhardt
(inner aspect) showing variation in size and shape and the
presence or absence of a pit for the adductor muscle.

4 —Examples of the Carina of Lithotrya micobarica Reinhardt
(inner aspect) showing variation in the degree of development
of the internal crest.

5.—An example of Lithotrya micobarica Reinhardt, in which the
wall of the peduncle and half the capitellum has been
removed to show the central cavity.

6.—An example of Lithotrya nicobarica Reinhardt, in which one
side of the capitellum and part of the peduncular wall has
been removed to show the egg-plate i situ.
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