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EDITOR'S PREFACE.

Dr. N. ANNaNDALE’s volume on the Freshwater Sronaes,
Porvzo4, and Hypripa contains an account of three of the
_chief groups of freshwater organisms. Although he deals
mainly with Indian forms the book contains an unusually
full account of the life-history and bionomics of fresh-
water Sponges, Polyzoa, and Hydrozoa.

I have to thank Dr. Annandale for the great care he has
taken in the preparation of his manuscript for the press,
and also the Trustees, of the Indian Museum, Calcutta, for
their kindness in placing material at the disposal “of the
Author.

A, E, SHIPLEY.
Christ’s College, Cambridge,
March 1911.
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GENERAL INTRODUCTION
TO THE VOLUME,

Avraoven some zoologists have recently revived the old belief
that the sponges and the cwlenterates are closely allied, no one
in recent times has suggested that there is any morphological
relationship between either of these groups and the polyzoa.
Personally I do not think that any one of the three groups is
allied: to any other so far as anatomy is concerned; but for
biological reasons it is convenient to describe the freshwater
representatives of the three groups in one volume of the
“ Fauna.”

Indeed, T originally proposed to the Editor that thw yolume
should include an account not only of the freshwater species; but
of all those that have been found in stagnant water of any kind.
It is often difficult to draw a line between the fauna of brackish
ponds and marshes and that of pure fresh water or that of the
sea, and this is particularly the case as regards the estuarine

tracts of India and Burma.

» Pelseneer ¥ has expressed the opinion that the Black Sea and
the South-east of Asia are the two districts in the world most
favourable for the study of the origin of a freshwater fauna from
a marine one. The transition in particular from the Bay of
Bengal, which is much less salt than most seas, to the lower

* «Tlorigine des animaux d'eau douce,” Bull. de 1"Acad. réy. de Belgique
{(Clagse des Sciences), No. 12, 1905, p. 724
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reaches of the Ganges or the Brahmaputra is peculiarly easy, and
we find many molluscs and other animals of marine origin in the
waters of these rivers far above tidal infAuence. Conditions are
unfavourable in the rivers themselves for the development and
multiplication of organisms of many groups, chiefly because of the
enormous amount of silt held in suspension in the water and con-
stantly being deposited on the bottom, and a much richer fauna
exists in ponds and lakes in the neighbourhood of the rivers and
estuaries than in running water. I have only found three species
of polyzoa and three of sponges in running water in India, and
of these six species, five have also been found in ponds or lakes.
I have, on the other hand, found i}hree colenterates in an
estuary, and all three species are essentially marine forms,
but two have established themselves in ponds of brackish water,
one (the sea-anemone Sagartic schilleriana) undergoing in so
doing modifications of a very peculiar and interesting nature.
1t is not uncommon for animals that have established themselves
in pools of brackish water to be found occasionally in ponds of
fresh water ; but I have not been able to discover a single instance
of an estuarine species that is found in the latter and not in the
former.

For these reasons I intended, as I have said, to include in this
volume descriptions of all the celenterates and polyzoa known to
occur in pools of brackish w&tar in the estuary of the Ganges and
elsewhgre in India, but as my manuscript grew I began to realize
that this would be impossible without including also an amount
of general introductory matter not justified either by the scope of
the volume or by special knowledge on the part of its author. I
have, however, given in the introduction to each part a list of the
species found in stagnant brackish water with a few notes and
references to descriptions.

Bro106IcAL PECULIARITIES OF THE SPONGES, CELUNTERATES,
AND Povryzos or Fresa Warer,

There is often an external resemblance hetween the repre-
sentatives of the sponges, ccelenterates, and polyzoa that causes
them to be classed together in popular phraseology as “ zoophytes” ;
and this resemblance is not merely a superficial one, for it is based
on a similarity in habits as well as of habitat, and is corvelated
with biological phenomena that lie deeper than what are ordinarily
called habits. These phenomena are of peculiar interest with
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* regard to dificult questions of nutrition and reproduction that
perhaps can only be solved by a close study of animals living
together in identical conditions and exhibiting, apparently in
consequence of so living, similar but by no means identical
tendencies, either anatomical or physiological, in certain directions.

'One of the most important problems on which the study of the
sponges, ceelenterates, and polyzoa of stagnant water throws light
is that of the production of resting buds and similar reproductive
bodies adapted to withstand unfavourable conditions in a quies-
cent state and to respond to the renewal of favourable conditions
by a renewed growth and activity.

Every autumn, in an English pond or lake, a crisis takes place
in the affairs of the less highly organized inhabitants, and
preparations are made to withstand the unfavourable conditions
_ due directly or indirectly to the low winter temperature of the
water : the individual must perish but the race may be preserved.
At this season Hydra, which has been reproducing its kind by
means of buds throughout the summer, develops eggs with a
hard shell that will lie dormant in the mud until next spring;
the phylactolematous polyzoa produce statoblasts, the cteno-
stomatous polyzoa resting-buds (** hibernacula”), and the sponges
gemmules. Statoblasts, hibernacula, and gemmules are alike
produced asexually, but they resemble the eggs of Hydra in
being provided with a hard, resistant shell, and in having the
capacity to lie dormant until favourable conditions returne

In an Indian pond or lake a similar crisis takes place in the
case of most species, but it does not take place at the same time
of year in the case of all species. Unfortunately the phenomena of
periodic physiological change have been little studied in the fresh-
water fauna of most parts of the country, and as yet we know
very little indeed of the hiology of the Himalayan lakes and tarns,
the conditions in which resemble those to be found in similar masses
of water in Europe much more closely than they do those that
deeur in ponds and lakes in a tropical plain. In Bengal, however,
1 have been able to devote considerable attention to the subject,
. and can state definitely that some species flourish chiefly in
winter and enter the quiescent stage at the beginning of the hot
weather (that is to say about Mareh), while others reach their
maximum development during the *“rains ” (July to September)
and as a rule die down during winter, which is the driest as well

as the coolest time of year.
B2
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The following is a list of the forms that in Bengal are definitely
known to produce hard-shelled eggs, gemmules, resting-buds, or

statoblasts only or most profusely at the approach of the hot
weather and to flourish during winter :— §

Spongilla cartert,

Spongilla alba.

Spongilla alba var. bengalensis.
Spongilla crassissima,

Hydra vulgaris,

Victorella bengalensis.
Plumatella fruticosa,
Plumatella emarginaia.
Plumatella javanica.

The following forms flourish mainly during the * rains ” :-—

Spongilla lacustris subsp. reticulata.
Trochospongilla latouchiana;
Trochospongilla phillotitana,

Stolella indica.

The following flourish throughout the year :—

Spongilla proliferens.
Hislopia lacustris.

Tt is particularly interesting to note that three of the species
that flourish in the mild winter of Bengal, namely Hydra vulgaris,
Plumatella emarginata, and P, fruticose, are identical with species
that in Europe perish in winter. There is evidence, moreover,
that the statoblasts of the genus to which two of them belong
burst more readily, and thus give rise to new colonies, after being
subjected to a considerable amount of cold. In Bengal they only
burst after being subjected to the heat of the hot weather, Does

extreme heat have a .similar effect on aquatic organisms as

extreme cold ? There is some evidence that it has.

The species that flourish in India during the rains are all
forms which habitually live near the surface or the edge of ponds
or puddles, and are therefore liable to undergo desiccation as soon
as the rains cease and the cold weather supervenes.

The two species that flourish all the year round do not, properly
speaking, belong to ome category, for whereas Hislopia laoustris
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produces no form of resting reproductive body but bears eggs and |

spermatozoa at all seasons, Spongilla proliferens is a short-lived
‘organism that undergoes a biological crisis every few weeks ; that
is to say, it begins to develop gemm,u]es as soon as it is fully
forined, and apparently dies down as soon as the gemmules have
attained maturity. The gemmules apparently lie dormant for
some little time, but incessant reproduction is carried on by
means of external buds, a very rare method of reproduction
among the freshwater sponges.

The facts just stated prove that conslderable specific 1dmsyn—
crasy exists as regards the biology of the sponges, hydroids, and
polyzoa of stagnant water in Bengal; but an even more striking
instance of this phenomenon is afforded by the sponges Spongilla
bombayensis and Corvospongilla lapidosa in Bombay. These two
_ gponges resemble one another considerably as regards their mode
of growth, and are found together on the lower surface of stones.
In the month of November, however, C. lapidosa is in full vege-
tative vigour, while €. bombayensis, in abgolutely identical con-
ditions, is already reduced to a mass of gemmules, having flourished

during the “rains.” It is thus clear that the effect of environ-

ment is not identical in different species. This is more evident
ag regards the groups of animals under consideration in India
(and therefore probably in other tropical countries) than it is in
Hurope. The subject is one well worthy of study elsewhere than
in India, for it is significant that specimens of S. bombayensis
taken in November in 8. Africa were in a state of activity, thus
contrasting strongly with specimens taken at the same time of
year (though not at the same season from a chmauc point of
view) in the Bombay Premdency

GROGRAPHICAT, DISTRIBUTION OF THE INDIAN SPECTES.

. The geographical distribution of the lower invertebrates of
fresh and of stagnant water is often an extremely wide one,
probably because the individual of many species exists at ecertain
seasons or in certain circumstances in a form that is not only
resistant to unfavourable environment, but also eminently capable
of being transported by wind or currents. ‘We therefore find that
some genera and even species are prac’nca]ly cosmopolitan in their
range, while others, so far as our knowledge goes, appear to
have an extraordinarily discontinuous distribution. The latter
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phenomenon may be due solely to our ignorance of the occurrence
of obscure genera or species in localities in which they have not
been properly sought for, or it may have some real significance as
indieating that certain forms cannot always increase and multiply
even in those localities that appear most suitable for them. As
an example of universally distributed species we may take the
Buropean polyzoa of the genus Plumatella that occur in India,
while of species whose range is apparently discontinuous better
examples could not be found than the sponges T'rochospongilla
pennsylvanica and  Spongitla eraterifornis, both of which are only
known from N. America, the British Isles, and India.

My geographical list of the species of sponges, coslenterates, :
and polyzoa as yet found in fresh water in India is modelled on
Col.” Aleock’s recently published lst of the treshwater crabs
(Potamonide) of the Indian Bmpire *. I follow him in accepting,
with slight modifications of my own, Blanford’s physiographical
rather than his zoogeographieal regions, not because I think that
the latter have been or ought to be superseded so far as the
vertebrates are concerned, but rather because the limits of the
geographical distribution of aquatic invertebrates appear to depend
on different factors from those that affect terrestrial animals or
even aquatic vertebrates.

“Varieties ” are ignored in this list, because they are not eon-
sidered to have a geographical significance. The parts of India
that aré least known as regards the freshwater representatives of
the groups under consideration are the valley of the Indus, the
lakes of Kashmir and other parts of the Himalayas, the centre of
the Peninsula, and the basin of the Brahmaputra. = Those that
are best known are the districts round Bombay, Caleutta, Madras
and Bangalore, Travancore and Northern Tenasserim. Little is
known as regards Ceylon, and almost nothing as regards the
countries that surround the Indian Empire, a few species only
having been recorded from Yunnan and the Malay Peninsula,
none from Persia, Afghanistan, or Eastern Turkestan, and only
one from Tibet. Professor Max Weber’s researches bave, however,
taught us something as regards Sumatra and Java, while the
results of various expeditions to Tropical Africa are beginning to
cast light on the lower invertebrates of the great lakes in the
centre of that continent and of the basin of the N ile,

* Cat. Ind. Dee, Orust. Coll. Ind, Mus., part i, fase, ii (Potamonidse), 1910.
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It is not known to what altitude the three groups range in the
Himalayas and the hills of Southern India. No sponge has been
found in Indian territory at an altitude higher than that of Bhim Tal
in Kumaon (4,500 feet), and Hydra is only known from the plains;
but a variety of H. oligactis was taken by Capt. F. H. Stewart
in Tibet at an altitude of about 15,000 feet. Plumatella diffusa
flourishes at Gangtok in Sikhim (6,100 feet), and I have found
statoblasts of P. fruticosa in the neighbourhood of Simla on the
surface of a pond situated at an altitude of about 8,000 feet
Mr. R. Kirkpatrick obtained specimens of the genus in the
Botanical Gardens at Darjiling (6,900 feet), and two species have
been found at Kurseong (4,500-5,000 feet) in the same district.

GEOGRAPHICAL LIST OF THE FRESHWATER SPONGES,
: HYDROIDS, AND POLYZOA OF INDIA, BURMA,
AND CEYLON,
[A # indicates that a species or subspecies has only been found in
one physiographical region or subregion so far as the Indian
Empire 1s concerned ; a T that the species has also been

found in Europe, a § in North America, a % in Africa, and
a @ in the Malay Archipelago.]

1. Western Frontier Territory *.
(Baluchistan, the Punjab, and the N.W. Frontier Proyince.)

SPONGES 1~ v POLYZOA 1=
1. Spongilla( Bunapivs)carterit® L, Plumatella fruticosa t§
(Lahore). (Lahore),

Hyproips ;—
1. Hydra oligactis 1§ (Lahore).

2. Plumatella diffusat§(Lahore).

2. Western Himalayan Texritory. |

(Himalayas from Hazara eastwards as far as Nepal.)

“Sroners i— PoLveoa i— _
1. Spongilla( Eunapius)earterit® 1. Phomatella allmanit (Bhim
(Bhim Tal). L, _
2. Ephydatia meyeni @ (Bhim 2. Pfggsze)lla Jruticosa 't §
Tal), imla), _
: 3. Lophopodella carteri % (Bbim
Hyproips :~None known (Hydra -(&1). ‘

oligactis recorded from Tibet).

* Linclude Baluchistan in this territory largely for climatic reasons.
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‘ 3. North-Eastern Ffonti&‘r Tei:ritory. W L
(Sikhim, Darjiling and Bhutan, and the Lower Brahmaputra
Drainage-System,) i

RoRyeaL s 00 LT
L. Plumatella fruticosat (Kur-
seong and Assam).
2. Plumatella diffusat§(Sikhim),
3. Plumatella jwanica ® (Kur-
seong), J

SPoNGRS -
Spongilla: proliferens® (Assom).

Hyprois —None known.

4. Burma Territory.
(Upper Burma, Arrakan, Pegu, Tenasserim.)

SPONGES i~
1. Spongilla (Euspongilla) proli-
Jerens©  (Upper Burma,
Pegu). \
. Spongilla (Euspongilla)  era-
teriformis 1§ (Tenasserim).
3. Spongilie( Bunapius)carterit®
(Upper Burma, Pegu, Tenag-

Hypromws :— ‘
1. Hydva vulgarist§ (Upper '
urma and Tenasserim). ‘

o

Poryzos
1. Plumatelle  emarginata +§
(Pegu, Upper Burma).

serin). 2. Phumatells allmonst (Tenas-
4, Trochospongilla  latouchiang serim).

(Tenasserim), ‘ 3. Pectinatella burmaniea (Tenas-
8, Trochospongilla  phillottiana serim).

(Tenasserim), 4. Hislopia lacustris (Pegu).
6. Tubelln vesparivides * (Teuas- !

serim).
7. Corvospongille  burmanica *

(Pegu).

5 a. Peninsular Province—Main Area.
(The Peninsula east offthe Western Grhats.)

SPONGES i~ Hybroins —
L. Spongilla (Euspongilla) la -~ 1. Hydra valgaris 1.
custris  subsp. reticulata

(Orissa, Madras).

2. Spongilla (Euspongilla) proli- Poryzok:—

Jerens © (Madras).

3. Spongilla (Euspongilla) alba %
(N. Madvas, Oxissa, Hydera-
bad).

4. Spongilla ( Fuspongilla) hem-
ephydatia * (Orissd),

0. Spongille (Euspongilla) era-

teryformis 1§.

6. Spongille  (Eunapius) cort-

eri 10,

7. Spongille (Eunapius) gemina*
(Bangalore).

8. Spongilla  (Stratospongiila)
bombayensis ¥ (MTysore).

9. Dosilia plumosa (N. Madras).

=S

1. Plumatella fruticosat (Ma=
dras, Bangalove).

2. Lophopus (f Lophopodellu), sp.
(Madras), el

3 Pectinatella burmanica (Oris~

88). o

4. Vietorella bengalensis (Ma-
dras). <

5. Hislopia lacustris (Nagpur).
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&b, Peninsnlar Provmce*]&[alaba.r Zone.

(Western Ghats from Tapb: R. to Oape Comorin and easbwmds
: to the seaq, )

‘ SPONGEE i
1, ‘%Wella (L‘mpmgzlla) lacus—

fris subsp. retioulata (W.

Gh a,t)

. Spongilla
ferens @ (Gochm)

. Spongilla (Ensptqulla) alba .

. Spongilla mengdla) e
erea *,

. Sponyilla (L‘uspongz!ta)twwan-
corica * (Travancore),

6. Spongilia  (Euspongilia) cra-

teriformist§ (Cochin).
7. Spongitla  (Eunapius)
8

Sy =0 B0

cant-
eri i@,
. Spongilla (Stmtowpongella) "=
dica * (W. Ghats),

9. Spongille  (Stratospongilla)
bombayensis % (Bombay, W.
Ghats). :

10. Spongilla (Stratospongilla) wi-
tima * (Travancore),

11. Pectispongilla  aurea® (Tra-
vancore, Cochin).

(Euspongilla) pr olt-

12 Erfh _/datm meycm ® (Bombay,

1 ravancore).
18. Dosilia plumose. (Bombay).
14, Trockospongilia.  pennsylvon-

toa ¥t ( (Xravancore).
15, Corvospongilla lapzdoaw* (W.
- Ghats).

Hyproms :—None recorded.

PorLyzoa i—

1. Fredericelln  indica *
Ghats and Travancore),

2. Plumatella fruticosat (Bom-
bay).

8. Plumatella javanica @ (Tra-

| vancore).

4. Plumatella tanganyike® %(W.
Ghats).

5. Lophopodelle carteri % (Bom-
bay, W. Ghats)

(W.

6. Indo-Gangetic Plain.
(From Sind to the Brahmaputra.)

SPONGES -

L. Spongilia (Euspongilla) lacus-
14 subsp. reticulate (Gan-
getic delta).

2, Spongilla (Luspongilla) proli-

Sferems @  (Liower Bengal
ete.).
8. Spongilla (Euspongilla) b
(Lower Bengal).
4. Spongilla (Luspongilla) era-
teruformis 1§.
5. »S’ptmgzlla(Eumpms)cm terit®
o (Lower Bengal, etc.).
6, Spongilla (Eunapius) fragilis

subsp. caleuttana * (Lower
Bengal).

T Spunﬂlla (Eunapius) crassis-
sima (Bengal).

8. Ephydatia nw/em@ (Lower
Bengal).

9. Tmclzoapon gilla
{Lower Bengal).

10, Z'rochospongilla
(Lower Bengal).

latouckhiana

plillottiana

Hyproing i~ u
1, Hydra vulgaris 1§.

Poryzoa -
1. Plumatella fruticosa t.
2. Plumatella emarginata 1§.
3. Plumatella javanion ® (Lower
Bengal). '
Plumatella diffusa t§.
5. Plymatella allmant ¥,
6. Plumatella punctatat§(Lower
Bengal).
Stolella indica * (Lower Ben-
1, United Provinces),
Victorella bengalensis (Liower
Bengal).
stlopm lacustres  (United
Provinces, N. Bengal).
9a. Hislopia lacustris  subsp.
montliformds % (Lower Ben-
ry“] ¥,

e

=

&

CQ
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7. Ceylon.

SProNGES — ‘ HyDROIDS i
1. Spongille (Luspongtila) proli- 1. Hydm vulgar is 't§
ferens ©;
2. Spongilla  (Eunapius) cart- PorLyzoa :—
erito, 1. ? Plumatella emargmam T8

2 Pectma:tella burmamca.

The most striking feature of this list is the evzdence 1t; affords
as to the distinet character of the fauna of the Malabar Zone, a
feature that is also remarkably clear as regards the Potamomdaa,‘
one genus of which (Gecarcinucus) is peculiar, so far as India is
concerned, to that zone. As regards the sponges we may note
the- occurrence of no less than three species of the subgenus
Stratospongilla, which has not been found elsewhere in India
except on one oceasion in Mysore, and of a species of the genus
Corvospongilla, which is unknown from the rest of Peninsular
India and from the Himalayas. The genus Pectispongilla is only
known from the Malabar Zone., Among the polyzoa the genus

Fredericella * appears to be confined, so far as the Indian and
Burmese fauna is concerned, to the Malabar Zone, and 'the same
is true as regards the group of species to which Plumatella
tanganyike, an African form, belongs. ;

A further examination of the list of Malabar species and a con-
sideration of allied formd shows that the majority of the forms
restricted to the Malabar Zone are either African or else closely
allied to African forms. * The genus Corvospongilla, except for
one Burmese species, is otherwise peculiar to Tropical Africa;
while Stratospongilla, although not confined to Africa, is more
prolific in species in that continent than in any other. Spongilla
(Stratospongille) bombayensis has only been found in Bombay, the
Western Ghats, Mysore, and Natal, and Plunatella tanganyile
only in the Western Ghats and Central Africa. The genus
Predericelle (which also occurs in Europe, N. America, and
Australia) is apparenﬂy of wide distribution in Africa, while
Lophopodella (which in India is not confined to the Malabar Zone)
is, except for a Japanese race of the Indian species, restricted
outside India, so far as we know, to Bast Africa.

* Mr. 8. W. Kemp recently obtained at Mangaldai,near the Bhutan frontier
of Assam, a single specimen of what may be a species of Fredericella,
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A less definite relatmnshxp between the sponges and polyzoa of
the Malabar Zone and those of countries to the east of Indla is
suggested by the followmg facts :-—

(1) The occurrence of the genus Corvospongilla in Burma;

(2) the occurrence of the subgenus Stratospongilla in
Sumatra, China, and the Philippines ; :

(3) the occurrence of a race of Lophopodella carteri in
Japan ;

(4) the occurrence of a species allied to Plumatella tangtm« !

yike in the Philippines,

It will be noted that in each of these instances the relationship
_extends to Africa as well as to the Eastern countries, and is more
marked in the former direction. The species of Stratospongilla,
moreover, that occurs in Sumatra (8. sumatrensis) also occurs in

Africa, while those that have been found in China and the

Philippines are aberrant forms.

At first sight it might appear that these extra-Indian relation-
ships might be explained by supposing that gemmules and stato-
blasts were brought to the Malabar Coast ftom Africa by the
~ aérial currents of the monsoon or by marine currents and carried
from India eastwards by the same agency, this agency being
insufficient to transport them to the interior and the eastern parts
of the Peninsula. The work of La Touche* on wind-borne
foraminifera in Rajputana 'is very suggestive in this direction ;
but that the peculiar sponge and polyzoon fauna of Malabar is
due to the agency either of wind or of marine currents may be
denied with confidence, for it is a striking fact that most of the
characteristic genera and subgenera of the Zone have resting
reproductive bodies that are either fixed to solid objects or else
are devoid of special apparatus to render them light. The former
is the case as re{,ards all species of Qorvospongilla and all Indian
.and most other species of Stratospongille, the gemmules of which
not only are unusually heavy but also adhere firmly ; while the
statoblasts of Fredericella have no trace of the air-cells that render
the free statoblasts of all other genera of phylautolaemutous polyzoa
peculiarly light and therefore peculiarly liable to be transported
by wind.

* See Mem. Geol. Surv, Ind. xxxv (1), p. 39 (1902),

L Te Ay
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A true geographica or geological explanation must therefore be
sought for the relationship between the sponges and polyzoa of
Malabar, of Africa, and of the Eastern countries—a relatxonslup ;
that is well known to exist as regards other groups of animals.
No more satisfactory explanation has as yet been put forward
than that of a former land connection between Africa and the
Malaysia through Malabar at a period (probably late Oret&ceoué)
when the Western Ghats were much hlgher than they now
are *,

There is little to be said as regards the distribution of the
sponges, hydroids, and polyzoa of fresh water in other parts of
India. It may be noted, however, that the species known from
the Punjab are all widely distributed Palsmarctic forms, and that
the genus Stolella is apparently confined to the Indo-Glangetic
Plain. . Two species of sponge are peculiar to Lower Burma, one
of them (Corvospongille burmanica) representing the geographical
alliance already discussed as regards the Malabar Zone, the other
(Twbella  wesparioides) closely related to a Malaysian species
(7. vesparium tfrom Borneo) and perhaps representing the northern
limit of the Malaysian element well known in the fauna of Lower
Burma, Of the sponges and polyzoa of Ceylon we know as yet
too little to make it profitable to discuss their affinities. All that
have as yet heen discovered occur also in Peninsular India ; nor
do they afford any evidence of a connection with the Malabar
Zone. ©

The question of the geograplucal range of the sponges, hydrmds,
and polyzoa of brackish water may be considered briefly, for it is
of importance in considering that of those which are confined to
fresh water. Some of these species from brackish water (e. g.,
Membranipora lacroiwit) are identical with others (e. g., Victorella
bengalensis and Bowerbankia caudata subsp. bengalensis) closely
related to European forms. Others again (e. g, Loroeomatoz‘des
colonialis and Sagartia schilleriana) ave known as yet from the
Ganges delta only. In our ignorance of the Indian representd-
tives of the groups to which they belong, it is impossible to assert
that their distribution is actually so restricted as it seems.

¥ Bee Ortmann, *“ The Geographical Distribution of Freshwater Decapods
and its bearing upon Ancient Greography,” Proc. Amer. Phil. Soe. xli, p. 380,
fig. 6 (1902); also Suess, “The Face of the Earth” (Knglish ed) i, p. 416
(1904).
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~ Sows Seporan Looarimies,

In order to avoid constant repetition as regards the conditions
that prevail at the places moaﬁ frequently mentioned in this
volume, a few details as regards them may be conveniently stated
here. ‘ V

Lower Bengal.

Carcurra is situated on the River Hughli at a point about
90 miles from the open sea. The water of the river is practically
fresh, but is strongly affected by the tides ; it is always turbid and
of a brownish colour. The river, howeyer, is not a good col-
lecting ground for sponges, ccelenterates, and polyzoa, and none

 of the species described in this volume have been obtained from it,
It is in the Caleutta “ tanks ” that most of my investigations have
been made. These tanks are ponds, mostly of artificial origin,
very numerous, of varying size but never very large or deep.
Most of them contain few solid objects to which sedentary
organisms can fix themselves, and such ponds are of course poor
in sponges and polyzoa. Others, however, support a prolific
growth of weeds such as Pistia stratiotes, Lemna, and Limnanthe-
mum, and a few have brickwork or artificial stonework at their
sides, In those parts of the town that approach the Salt Lakes
(large lagoons and swamps of brackish water connected with the
sea by the Mutlah River) the water of the ponds is slightly
brackish and permits few plants except alge to flourish.” Few of
the bigger tanks ever dry up. The best of the tanks from the
sponge-collector’s point of view, so far as I bave been able to
discover, is the one in the compound of the Indian Musenm. It
enjoys all the advantages of light and shade, solid supports,
prolific aquatic vegetation, considerable depth, and the vicinity of
human dwellings that seem to be favourable to the growth of
sponges, no less than nine species of which, representing three
genera and two subgenera, grow abundantly in it. Hydra also
Hourishes in this pond, but for some reasons there are fow polyzoa.
The phylactolematous species of the latter group, however, are
extraordinarily abundant in one of the tanks in the Zoolopgical
Grardens at Alipore. In this tank, which unlike the Musetm
tank is directly connected with the river, no less than six species
and varieties of the genus Plumatelle have been found growing
together on sticks, floating seeds, and water-plants. Except
Hislopia, which is common on Vallisneria in one tank on the
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Maidan (opposite the Bengal Club), the ctenostomes of sta,g‘na,ﬁt‘” )
water are only found in the tanks near the Salt Lakes.

Porr CANNING is situated on the Mutlah River about 30 miles
from Calcutta and about 60 from the open sea. The Mutlah is
really a tidal creek rather than a river, in spite of the fact that it
runs for a considerable number of miles, and its waters are
distinetly brackish., Water taken from the edge at Port Canning
in March was found to contain 2546 per thousand of saline
residue. The interesting feature of Port Canning, however, is
from a zoological point of view not the Mutlah but certain ponds
of brackish water now completely separated from it, except
occasionally when the river is in flood, but communicating
regularly with it in the memory of living persons. These ponds,
which, were apparently not in existence in 1855, have on an
average an area of about half an acre each, and were evidently
formed by the excavation of earth for the construction of an
embankment along the Mutlah. They are very shallow and lie
exposed to the sun. The salinity differs considerably in different
ponds, although the fauna seems to be identical ; the water of one
pond was fonnd to contain 2288 per thousand of saline residue in
May, 20-22 per thonsand in March, and 1218 in December. A
second pond in the neighbourhood of the first and apparently
similar to it in every way contained only 9:82 per thousand in
July, after the rains had broken. The fauna of these’ ponds
includes not only a freshwater sponge (Spongilla alba var."benga-
lensis) but also many aquatic insects (e. ¢., larves of mosquitosiand
of Ohironomus and several species of heetles and Rhynchota) ;
while on the other hand essentially marine ceelenterates (Irene
oeylonensis, etc.) and worms (e. g., the gephyrean Physcosoma
lurco®) form a part of it, together with forms of intermediate
habitat such as Bowerbankia caudata subsp. bengulensis, Victorella
bengalensis, and several fish and crustacea common in brackish
water. : 4
: Orissa.

Orissa may be described in general terms as consisting of the
coastal area of Bengal south of the Gangetic delta. It extends in
inland, bowever, for a considerable distance and includes hilly
tracts. There is no geographieal boundary between it and the

* I am indebted to Mx. W. F. Lanchester for the identification of ; this
species.
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north-eastern part of the Madraa Presxdency or the eastern part
~of the Central Provinces.

Caruxa Laks.—This marine lake is a shallow lagoon men.surmg
about 40 miles in length and 10 miles in breadth, and formed in
geologically recent times by the growth of a narrow sand—bank
across the mouth of a wide bay. At its northern end it communi-
cates with the sea by a narrow channel, and throughout its length
it is strongly affected by the tides. At its south end, which is
actually situated in the Ganjam district of Madras, the water
is distinetly brackish and is said to be nearly fresh at certain times
of year. At thisend there are numerous small artificial pools
of brackish water somewhat resembling those of Port Canning
as regards their fauna,

Suz (or Sar) Liagn.—A shallow, freshwater lake of very variable
size situated a few miles north of Puri on the Orissa coast. In
origin it probably resembled the Chilka Lake, but it is now
separated from the sea by about 3 miles of barren sand dunes,
among which numerous little pools of rain-water are formed during
the rains. These dry up completely in winter, and even the lake
itself is said sometimes almost to disappear, although when it is
full it is several miles in length. The fauna is essentially a
freshwater one, but includes certain Mysidae and other crustacea
usnally found in brackish water.

Bombay Presidency. Lo

Boupav.—The town of Bombay, built on an island near the
mainland, is situated close to swamps and cresks of brackish water
not unlike those that surround Caleutta, Its “ tanks,” however,
differ from those of Calcutta in having rocky bottoms and, in many
* cases, in drying up completely in the hot weather. Of the fauna of
the swamps extremely little is known, but so far as the sponges
and polyzoa of the tanks are concerned the work undertaken by
Carter was probably exhaustive.

Taarpurt—Igatpuri is situated at an altitude of about 2000 feet,
60 miles north-east of Bombay. Above the town there is a lake
of several square miles in area whence the water-supply of several
stations in the neighbourhood is obtained. The water is therefore
kept free from contamination. The bottom is composed of small
stones and slopes gradually up at the edges. During the dry
weather its level sinks considerably. Several interesting sponges
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it i

and polyzoa have been found in this lake, most of ﬁho‘im‘ als

oceurring in a small pond in the neighbourhood in which clothes

are washed and the water is often full of soap-suds.

Southern India. A

MapRAS.~~The city of Madras is built by the sea, s‘tmg‘gl"ihg‘k ‘

over a large avea of the sandy soil characteristic of the greater
part of the east coast of India. In wet weather this soil retaing
many temporary pools of rain-water, and there are numerous
permanent tanks of mo great size in the neighbourhood of the
town. The so-called Cooum River, which flows through the town,

is little more than a tidal creek, resembling the Mutlah River of

TLower Bengal on a much smaller scale. The spongesand polyzoa
as yet found in the environs of Madras are identical with those
found'in the environs of Caleutta. ‘

BAwGALORE.— Bangalore (Mysore State) is situated near the
centre of the Mudras Presidency on a plateau about 3000 feet
above sea-level. The surrounding country is formed of laterite
rock which decomposes readily and forms a fine veddish silt in the
tanks. These tanks ave numerous, often of large size, and as
a rule at least partly of artificial origin. Their water supports
few phanerogamic plants and is, as my friend Dr. Morris Travers
informs me, remarkably free from salts in solution. The sponge
fauna of the neighbourhood of Bangalore appears to be inter-
mediate between that of Madras and that of Travancore,

Trr Baoxwarers oF CooniN AND Travancore.—The back-
waters” of Cochin and Travancore were originally a series of
shallow lagoons stretching along the coast of the southern part of
the west coast of India for a distance of considerably over a
hundred miles. They have now been joined together by means
of canals and tunnels to form a tidal waterway, which communi-
cates at many points directly with the sea. The salinity of the
water differs greatly at different places and in different seasons,
and at some places there is an arrangement to keep out sea-water
while the rice-fields are being irrigated. The fauna is mainly
marine, but in the less saline parts of the canals and lakes many
freshwater species are found.

Shasthancottah —There are two villages of this name, one
situated on the backwater near Quilon (coast of Travancore), the

o
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other about three miles inland on a large freshwater lake, This
lake, which does not communicate with the backwater, occupies a
narrow winding rift several miles in length at a considerable depth -
below the surrounding country, Its bottom is muddy and it

contains few water-plants, although in some places the water-
plants that do exist are matted together to fo:m floating islands on
which trees and bushes grow. ‘The fauna, at any rate as regards
mollusca and microscopie organisms, is remarkab]y poor, bub two
species of polyzoa (Fredericells indica and Plumatella fruticosa) and
one of sponge (Trachospongilla pe'ninsylvcmzra) grow in consldemble
abundn,nce although not in great Tuxuriance,

The Himalayas,

* B TAL* is a lake situated at an altitude of 4500 feet in that
part of the Western Himalayas known as Kuma,on, near the .
plains. It has.a superficial area of several square miles, and is
deep in the middle. Its bottom and banks'are for the most part
muddy. Little is known of its fauna, but two polyzon (Plumatella
allmani and Lophopodella cartert) and the gemmules of two sponges
(Spongilla carters and Ephydatia meyeni) have been found in it.

NOMENCLATURE AND TERMINOLOGY.

The subject of nomenclature may be considered under four
heads :—(1.) the general terminology of the various kinds of groups
~of individuals into which organisms must be divided ; (IL.) the
general nomenclature of specimens belonging to particular cate-
gories, such as types, co-types, ete. ; (ILL) the nomenclature that
depends on such questions as that of “ priority ”; and (IV.) the
special terminology peculiar to the different gronps. The special
terminology peculiar to the different groups is dealt with in the

separate introductions to each of the three parts of this volume.

(L)

' No group of animals offers greater difficulty than the sponges,
hydroids, and polyzoa (and especially the freshwater representatives
of these three groups) as regards the question * What is a
species ? 7 and the kindred questions, *“ What is a subspecies 2 ?’
“What is a variety ? ” and ¢ What is a phase?” Genera can

* The fauna of this lake and of others in the neighbourhood has recently
been investigated by Mr. 8. W. Kemp. See the addenda at the end of this
volume, —June 1911,

C
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often be left to look after themselves, buf the spec)ﬁc and kmdrod
questions are answered in so many different ways, if they are even
considered, by different systematists, especially as regards the

~ groups described in this volume, that T feel §t' necessary to state
concisely my own answers to these questions, not for the guidance
of other zoologists but merely to render intelligible the system of
olassification here adopted. The following definitions should
therefore be considered in estimating the value of « apecles, ew.,
referred to in the following pages. j

Species.—A group of individuals dxffenng in conat&nt chamcterﬁ
of a definite nature and of systematic * importance from all others
in the same genus. -

Subspecies.—An isolated or local race, the individuals of which
differ from others included in the same species in characters that
are constant but either somewhat indefinite or else of little
systematic importance. "

Variety—A group of individuals not isolated geographically
from others of the same species but nevertheless exhibiting slight,
not altogether constant, or indefinite differences from the typical
form of the species (2. ¢., the form first described).

Phase.—A peculiar form assumed by the individuals of a species
which are exposed to peculiarities in environment and differ from
norma) individuals as a divect result. '

There are cases in which imperfection of information renders it
difficult or impossible to distinguish between a variety and a sub-
species. In such cases it is best to call the form a variety, for
this term does not imply any special knowledge as regards its
distribution or the conditions in which it is found.

I use the term ¢ form ” in a general sense of which the meaning
or meanings are clear without explanation.

(IL.)

The question of type specimens must be considered brleﬂy
There are two schools of systematists, those who assert that one
specimen and one only must be the type of a species, and those
who are willing to accept several specimens as types. From the
theoretical point of view it seems impossible to set up any one

* ¢ What characters are of systematic importance ? 7 is a question to which
different answers must be given in the case of different groups.
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1nd1v1dua.l as the ideal type of a species, bub those who poseeas
collections or are in charge of museums prefer, with the natural
instinct of the collector, to have a definite smg]a type (of which
no one else can poss1b1y possess a duphca.te) in their possession or
care, and there is always the dificulty that a zoologmt in deseribing
a species, if he recognizes more than one type, may include as
types specimens that really beloug to more than one spemes
These difficulties are met by some aoolog'lshs by the recogmtmn of
several specimens as paratypes, all of equal va.lue but this, atter
 all, is merely a termmologlcal means of escapmg trom the difficulty,
caleulated to salve the conscience of a collector who feels unwxllmg
tio glve up the unique type of a species 1epresented by other speei-
mens in his collection. The difficulty as regards the confounding
of specimens of two or more species as the types of one can
always be adjusted if the author who discovers the mistake re-
deseribes one of the species under the original name and regards
the specimen that agrees with his description as the type, at the
game time describing a new species with another of the specimens
as its type. Personally I always desire to regard the whole
material that forms the basis of an original deseription of a species
as the type, but museum rules often render this impossible, and
the best that can be done is to pick out one specimen that seems
particularly characteristic and to call it the type, the rest of the
material being termed co-types. A peculiar difficulty arises, how-
ever, as regards many of the sponges, celenterates, and pelyzoa,
owing to the fact that they are often either compound animals,
each specimen consisting of more than one individual, or are easily
divisible into equivalent fragments. If the single type theory
were, driven to its logical Loncluswn it would be necessary to
select one particular polyp in a hydroid colony, or even the part
of a sponge that surrounded a particular osculum as the type of
the species to which the hydroid or the sponge belonged. Either
by accident or by design specimens of Spongillide, especially if
kept dry, are usually broken into several pieces. There is, as a
matter of fact, no reason to attribute the peculiarly sacrosanct
nature of a type to one piece more than another. In such cases
the biggest piece may be called the type, while the smaller pieces
may be desxgnated by the term ¢ schizotype.”
“The more precise definition of such terms as topotype, genotype,

et hujus generis omnis is nowadays a science (or at any rate a form

of technical industry) by itself and need not be discussed here.

o2
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(I11.)

In 1908 an mﬁuen’mal committee of British zoologists drew up
a strenuous protest against the unearthing of obsolete zoological

names (see ‘ Nature,” Aug. 1908, p. 395). To no group does this
protest apply with greater force than to the three dxscussed in this
volume, It is difficult, however, to adopt any one work as a
standard of nomenclature for the whole of any one of them. As
regards the Spongillide it is impossible to aceept any monograph
earlier than Potts’s “ Fresh- Water Sponges ” (P. Ac, Philad., 1837),
for Bowerbank’s and Carter’s earlier monographs contained de-
seriptions of comparatively few species. Even Potts’s monograph
I have been unable to follow without divergence, for it seems to
me necessary to recognize several genera and subgenera that he
ignored. The freshwater polyzoa, however, were dealt with in so
comprehensive a manner by Allman in his “ Fresh- Water Polyzoa.
(London, 1856) that no difficulty is experienced in ignoring, so
far as nomenclature is concerned, any earlier work on the group ;
while as regards other divisions of the polyzoa I have followed
Hincks’s “ British Marine Polyzoa *’ (1880), so far as recent
researches permit. In most cases I have not attempted to work
out an elaborate synonymy of species described earlier than the
publication of the works just cited, for to do so is a mere
waste of time in the case of animals that call for a most precise
definition of species and genera and yet were often deseribed, so
far as they were known earlier than the dates in question, in quite
general terms. I have been confirmed in adopting this eourse by'
the fact that few of the types of the earlier species are now in
existence, and that a large proportion of the Indian forms have
only been deseribed within the Jast few years.

MATERIAL.

The descriptions in this yolume are based on specimens in the
collection of the Indian Museum, the Trustees of which, by the
liberal manner in which they have permitted me to travel in India
and Burma on behalf of the Museum, have made it possible not
only to obtain material for study and exchange but also to observe
the different species in their natural environment. This does not
mean to say that specimens from other collections have been
ignored, for many institutions and individuals have met us.
generously in the matter of gifts and exchanges, and our collection




- now includes specimens of all the Indian forms, named in nearly
all cases by the author of the species, except in those of species
. described long ago of which no authentic original specimens can
' now be traced. Pneces of the types of all of the Indian Spongillide
described by Carter have been obtained from the British Museum
through the kind offices of Mr. R. Kirkpatrick. The Smithsonian
| Institution has sent us from the collection of the United States
. National Museum specimens named by Potts, and the Berlin
~ Museum specimens named by Weltner, while to the - TImperial
Academy of Sciences of St. Petersburg we owe many unnamed but
interesting sponges, Dr. K. Kraepelin and Dr. W. Michaelsen

. have presented us with specimens of most of the species and

varieties of freshwater polyzoa deseribed by the former in his great
monograph and elsewhere. Weowe to Dr. 8. F. Harmer, formerly
of the Cambridge University Museum and now Keeper in Zoology

- at the British Museum, to Professor Max Weber of Amsterdam,

| Professor Oka of Tokyo, and several other zoologists much valuable

material. I would specially mention the exquisite preparations

presented by Mr. C. Rousselet. Several naturalists in India have
~ also done good service to the Museum by presenting specimens of
the three groups described in this volume, especially Major H. J.
. Walton, LM.S., Major J. Stephenson, L.M.S., Dr. J. R. Hen-
' derson and Mr. G, Matthai of Madras, and Mr. R. Shunkara
. Narayana Pillay of Trivandrum.
: The following list shows where the types of the various.species,
subspecies, and varieties are preserved, so far as it has been
- possible to trace them, I have included in this list the names of
| all species that have been found in stagnant water, whether fresh
or brackish, but those of species not yet found in fresh water
are enclosed in square brackets.

GENERAL INTRODUCTION. L
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INDIAN SPONGILIID.E,
NANE. Type 1n CoLt, %MXE:?;;:
Spongilla lacustris subsp, retiowlala . c.o-s: Ind. Mus, R i
Spongilla proliferens .o......... i st A bR il e
SPONGUE QDG iisivvesinnsvennisiniiosanenss .. Brit, and Ind. Mus. | Schizotype. |
[Spongilla albe vor. lengalonsis)s..ovvsens +ors) Ind, Mus. | 'L‘%pew i
; ‘ pecimens | ;
Spongilla alba var. cerebellata ... O | Brit. Mus. | (| |4 compared | i
; : | L with type.
| Spongilla cinerea ,............ S P Brit. and Ind. Mus.| Schizotype.
| [Spongilla travancorica) | Ind. Ms. | Type.

) U5 Nat. Mus. | Co-type.
| Brit. and Ind. Mus. | Svhizotype.

1 "Spongille kemey:}}z/datm S
Ind, Mus. Type. .

Spongilla crateriformis ...
Spongilles c@rtert ... .cooeivniivissiian
Spongilla carters var. mollis ..iitivioiionss
Spongilla carteri Var. CaV&. ... .. iiiiires

3 1 1

Spongille carteri var. lobosa. ..uai Eh i il

| Spongilla fragilis subsp. CalOULEQNA ialaviienl e i il

{ Spongilla fragilis subsp. decipiens...... | Amsterdam Mus. | Co-type.

| Spongilla gemina......... Tnd. Mus. Type.

{ Spongilla crassissima el i )

| Spongilla Crasstssima Var. ¢ . i SV Ly

i Spongilla bombayensis.......ovsisnss .| Brit. and Ind. Mus.| Schizotype.

| Spongille indica ........ .o} Ind. Mus, Type.

; Spongilla ultima ........ AN e i i
Pectispongilla atirea, ... ...oiooivees i e L 1 y

t Eiphydatia meyens ..o...o..ooseiiishs _...| Brit. apd Ind. Mus.| Schizotype.

| Dostlia plumos ............svives Rt IO W
Trochospongille latouchiana . .| Ind, Mus, Type.

Trochospongilla phillottiana ...

ot ) kL iy 49 f
Trachospongilla pennsylvanica . "1 U8, Nat. Mus. Co-type.
Tubelle vesparioides....... FRtkINg Ghiiueind, Mus. Byme, o

| Corvospongilla BUrMmanica ....ico.icovsstssaris Brit. and Ind, Mus. | Schizotype.
Corvospongilla lapidosa .........veisvseesoes Ind. Mus. Type.

InDIAN CELENTERATES OF STAGNANT ‘WATER,

HYDROZOA,
Hydra oligaotis ..o .ooioviveontonsinininseis Not in existence. ’
Hydra ngris ............... N W
ESyncm;me Silamentata) Ind. Mus. Type.
Bimeria VeSt@) ....viveiiiei i iintieaninanis ? Not in existence,
; . Hydroid in Ind.
[Irene ceylonensis] «c...cooviniiaesiniinissiineien { Mus,, ‘M‘e‘dusa} Hydroid type

in Brit, Mus.

ACTINIARIA.
Sagartia schillerian@)....c...i.vieeiviinininiis  Ind, Mus. i T
{Sazaﬂia schilleriana ]subsp. Gt LS g I Ty,?es N
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i . INpIAN Poryzoa o SraeNANT WATPR.
| Al

| MATHRIAL

‘ Namg. e TY\I’,ﬁ i COI’-L, i EXI AMINED, i
1 LN | i fi ) ki i {f e o
o | TENTOPROCTA: il ' I ‘ :
!“[Lowbsomatoioles eolomiales]! i Ll i sliniiInd, Mg, 0 Types. i
’ Bororroota CrmirostodatTa. - | : W
' .Membmn‘épomZacroixia']..v.;.............’ ....... ? Paris Mus, : i
[ Membranipora bengalensis]..sve...ovoaiitidl Ind. Mus. . |mypes.
|| Berorrocrs STENOSTOMATA, | e
| [ Bowerbanlia candata subsp, bengalensis] .| Ind, Mus, Types.
| Vietorella. bengalensis e
Hislopia lacustris............. ? Not in existence, s
| Hislopia lacwstris subsp. moniliformis ...... Ind. Mus. i
. Eerorroors PUYLACTOLENMATA, | L
T Bredertcella TN oo lsyiainsiare s i ity Ind. Mus. Type.
Plumatella fraticose ..| Not in existence.
Plumatolle diffist ...ooooas ...?Philadel phia Acad.t
Plumatella @llimnant ... ..coooivenns ..| Not in existence.
i Plumatella emarginata T i
. G Hamburg  and | | One of the
PUUmatelle JaUanioa. ..o veseiinesiiisiniied ‘ { Tnd. Mus, } il
Plumatella tanganyile { ]?\2&; and I“d'} Q:e e"f the
| : ‘ 068,
R SR B R ‘ 10, Mus. Tyoe
| Lophopodella carteri o.iiee.oiiilinisiiien. Brit. Mus, i
| Lophopodella carteri var. himalayana ... Ind. Mus. i
i Preetinatella Burmanic@ .........cooooeitniins Ind. Mus, it
I #

+ I have failed to obtain from the Philadelphia Aca.démy of Beience a
statement that the type of this epecies is still in existence.

The literature dealing with the various groups described in the
volume is discussed in the introductions to the three parts.
Throughout the volume I have, so far as possible, referred to
works that c¢an be consulted in Caleutta in the libraries of the
Tndian Museum, the Geological Survey of India, or the Asiatic
Swciety of Bengal. The names of works that are not to be found
in India are marked with a %. The rarity with which this mark
oceurs says much for the fortunate position in which zoologists
stationed in Caleutta find themselves as regards zoological literature,
for T do not think that anything essential has been omitted.

Tt remaine for me to express my gratitude to those who have
assisted me in the preparation of this volume. The names of




~ drawings and photographs and some of the blocks from which this .

Gmﬂsmn INTnontfdcrrozf

those who have contmbuted apemmens fcr emmumtion bave 4 " ‘
alreadv been mentioned, I have to thank the Trustees of the . . =

Indlan Museum not only for their liberal interpretation of my
duties as an officer of the Museum but also for the use of all the

- volume is illustrated, Several of thelatter have already been used

" in the « Records of the Indian Museum.”  From the Editor of

the “ Fauna” I have received valuable suggestions, and I am
indebted to Dr. Weltner of the Berlin Museum for 10 less valuable

references to literature. Mr. F. H. Gravely, Assistant Superin- -
tendent in the Indian Museum, has saved me from geveral errors

. Dby his criticism.

The majority of the figures have been drawn by the dra,{"tsmen
of the Indian Museum, Babu Abhoya Charan Chowdhary, and of
the Marine Survey of India, Babu Shib Chandra Mondul, to both
of whom T am much indebted for their accuracy of delineation.

No work dealing with the sponges of India would be complete -
without a tribute to the memory of H. J, Carter, pioneer in the
East of the study of lower invertebrates, whose work persists
as a guide and an encouragement to all of us who are of the

opinion that biological research on Indian animals can only be
undertaken in India, and that even systematlc zoological work
can be carried out in that country with success.” I can only hope
that this, the first volume in the official Fauna of the Indian
Empire to be written entirely in India, may prove not unworthy
of his example.

Indian Mugeum, 4 i Oct. 28rd, 1910,
Caleutta







INTRODUCTION TO PART I.

I

Tur Payrum PORIFERA.

Tap phylum Porifera or Spongie includes the simplest of the
Metazoa or multicellular animals. From the compound Protozoa
its members are distinguished by the fact that the cells of which
_they are composed exhibit considerable differentiation both in
structure and in funetion, and are associated together in a
definite manner, although they are not combined to form organs
and systems of organs as in the higher Metazoa. = Digestion, for
instance, is performed in the sponges entirely by individual cells,
into the substance of which the food 1s taken, and the products
of digestion are handed on to other cells without the intervention
of an alimentary canal or a vascular system, while there is no
structure in any way comparable to the nervous system of more
highly organized animals, ‘ |
- The simplest form of sponge, which is known as an olynthus,
is a hollow vase-like body fixed at one end to some solid object,
and with an opening called the osculum at the other. The walls
are perforated by small holes, the pores, from which the name
Porifera is derived. |

Externally the surface is protected by a delicate membrane
formed of flattened cells and pierced by the pores, while the
interior of the vase is ¢overed with curious cells characteristic of
the sponges, and known as choanocytes or collar-cells. They
consist of minute oval or pear-shaped bodies, one end of which
is provided with a rim or collar of apparently structureless
membrane, while a flagellum or whip-like lash projects from the
tentre of the surface surrounded by the collar. These ecollar-
cells are practically identical with those of which the Protozoa
known as Choanoflagellata consist ; but it is only in the sponges *
. that they are found constantly associated with other cells unlike
themselves.

In addition to the collar-cells, which form what is called the
gastral layer, and the external membrane (the derma or dermal

* Except in “‘ Proterospongia,” an organism of doubtful affinities but not a
sponge. It consists of a mass of jelly containing ordinary cells, with collar-
cells outside, T
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membrane), the sponge contains cells of various kinds embedded
ina structureless gelatinous substance, through which they have
the power of free movement, Most of these cells have also
the power of changing" their form in an ‘“ amahoid 7 manner ;
that is to say, by projecting and withdrawing from their margin
mobile processes of a more or less finger-like form, but unstable in
shape or divection. The protoplasm of which some of the cells
are formed s granular, while that of others is clear and trans-
lucent. Some cells, which (for the time being at any rate) do not
exhibit ameeboid movements, are glandular in function, while
‘others again give rise in various ways to the bodies by means
of which the sponge reproduces its kind. There is evidence,
however, that any one kind of cell, even those of the membrane
and the gastral layer, can change its function and its form in case
of necessity.

Most sponges possess a supporting framework or skeleton, In
some it is formed entirely of a horny substance called spongin
(a8 in the bath-sponge), in others it consists of spicules of
inorganic matter (either calcareous or siliceous) secreted by
special - cells, or of such spicules bound together by spongin.
Extraneous objects, such as sand-grains, are frequently included
in the skeleton. The spongin is secreted like the spicules by
special cells, but its chemical structure is much more complicated
than that of the spicules, and it is mot secreted (ab any rate in
most cases) in such a way as to form bodies of a definite shape,
In the so-called horny sponges it resembles the chitin in which
insects and other arthropods are clothed.

In no adult sponge do the collar-cells completely cover the whole
of the irternal surface, the olynthus beinga larval form, and by no
means a common larval form. It is only found in certain sponges
with caleareous spicules. As the structare of the sponge becomes
more complicated the collar-cells are tucked away into special
pockets or chambers known as ciliated chambers, and finally the
approach to these chambers, both from the external surface and
from the inner or gastral cavity, takes the form of narrow tubes or
canals instead of mere pores.  With further complexity the simple
internal cavity tends to disappear, and the sponge proliferates
in such a way that more than one osculum iy formed. In the
class Demospongie, to which the sponges described in this volume
belong, the whole system is extremely complicated,

The skeleton of sponges, when it is not composed wholly of
spongin, consists of, or at any rate contains, spicules that have a
definite chemical composition and definite shapes in accordance
with rhe class, order, family, genus, and species of the sponge.
Formerly sponges were separated into calcareous, siliceous, and
horny sponges by the nature of their skeleton ; and although the
system of classification now adopted has developed into a much
more complex one and a few sponges are known that have both
caleareous and siliceous spicules, the question whether the spicules
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are formed of salts of lime or 6£ silica (strietly speakiﬁg of opal)
is yery important. All Demospongi® that have spicules at
all have them of the latter substance, and the grade Monaxonida,

" in which the freshwater sponges constitute the family Spongil-

lidee, is characterized by the possession of spicules that have

typically the form of a needle pointed at both ends. Althongh |

~ spicules of this simple form may be absent in species that belong
to the grade, the larger spicules, which are called megascleres,
have not normally more than one main axis and are always more
or less rod-like in outline. They are usually arranged so as to
form a reticulate skeleton. Krequently, however, the megascleres
or skeleton-spicules are not the only spicules present, for we find
smaller spicules (microscleres) of one or more kinds lying loose in
the substance of the sponge and in the external membrane, or,
in the Spongillide only, forming a special armature for the
reproductive bodies known as gemmules, ‘
All sponges obtain their food in the same way, namely by
means of the currents of water set up by the flagella of the

collar-cells. These flagella, although apparently there is little .

concerted action among them, cause by their rapid movements
changes of pressure in the water contained in the cavities of the
sponge. The water from outside therefore flows in at the pores
and finally makes its way out of the oscula. With the water
minute particles of organic matter are brought into the sponge,
the collar-cells of which, and probably other cells, have the power
of selecting and engulfing suitable particles. Inside the cells
these particles undergo certain chemical changes, and are at least

partially digested. The resulting substances are then handed on

directly to other cells, or, as some assert, are discharged into the
common jelly, whence they are taken up by other cells,

Sponges reproduce their kind in more ways than one, viz., by
means of eggs (which are fertilized as in other animals by sper-
matozoa), by means of buds, and by means of the peculiar bodies
called gemmules the structure and origin of which is discussed
below (p. 42).  They are of great importance in the classification
of the Spongillide, Sponges can also be propagated artificially
by means of fission, and it is probable that this method of
reproduction oceurs accidentally, if not normally, in natural
circumstances.

GIENERAT STRUCTTRE OF THE SPONGILLIDE,

It would be impracticable in this introduction to give a full =

account, of the structure of the Spongillidse, which in some
respects is still imperfectly known. Students who desire further
information should consult Professor Minchin's account of the
sponges in Lankester’s ¢ Treatise on Zoology,’ part ii, or, if a less
teehnical description is desired, Miss Sollas’s contribution to the
¢ Oambridge Natural History,” vol. i, in which special attention is
paid to Spongitla. ‘

J
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The diagram reproduced in fig. 1 gives a schematic view of a
vertical seebion through a living freshwater sponge. Although it
represents the structure of the organism as being very much
simpler than is actually the case, and entirely omits the skeleton,
it will be found useful as indicating the main features of the
apatomy, 9 TR R G

»

Fig. l.—~Diagram of a vertieal seetion through a freshwater sponge
(modified, from Kiikenthal),
A=pores; B=subdermal cavity ; O==inbalent eanal; D==ciliated chamber ;
E=exhalent canal; F=osculum ; G=dermal membrane:; Heeggs; =
gemmule. ¢ !

It will be noted that the diagram represents an individual with
a single osculum or exhalent aperture. As a rule adult Demo-
spongim Have several or many oscula, but even in the Spongillidse
sponges occuy in which there is only one. New oscula are formed
by a kind of proliferation that renders the structure still more
complex than it is when only one exhalent aperture is present.

The little arrows in the figure indicate the direction of the
currents of water that pass through the sponge, It enters
through small holes in the derma into a subdermal cavity, which
separates the membrane from the bulk of the sponge. This
space differs greatly in extent in different species, Krom the
'subdermal space the water is forced by the action of the flagella
into narrow tubular canals that carry it into the ciliated chambers.
Thence it passes into other canals, which communicate with what
remains of the eentral cavity, and so out of the oscula.

The ciliated chambers are very minute, and the collar-cells
excessively so. It is very difficult to examine them owing to
their small size and delicate structure. Fig. 2 D represents a collar-
cell of a sponge seen under a very high power of the microscope
in 1deal conditions. ,

The nature of the inhalent apertures in the external membrane
has been much discussed as regards the Demospongi®, but the
truth seems to be that their structure differs considerably even in
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Fig. 2.—Sponge cells.
A ==bubble-cells of Ephydatia miilleri, X 350 (afler Weliner). B=gemmule-
‘cell of Spongillia lacustris containing green cor?uscles (shaded dark), X 800

(after Weltner). C=gemmule-cell of Ephydatia blembingiashowing * tabloids ”
of food-material, X 1150 (after Evans). D=collar-cell of Esperella egagrophila,
X 1600 (after Vosmaer and Pekelharing). E==three stages in the development
of a gemmule-spicule of K. blembingic (affer Evans), X 665. F=outline of
poroeytes of 8. proliferens, X ca, 1290 ¢==dermal cell; n==nucleus; p==pore;
p.c.=pore-cell.




5 LAY

32 : SPONGILLIDXE, | .

closely allied species. At any rate this is the case as regards the .
* Indian Spongille. In all species the membrane is composed of
flattened cells of irregular shape fitted together like the pieces of
a puzzle-picture. In some species (e.g., Spongilla \cartert) the
apertures in the membrane consist merely of spaces hetween
adjacent cells, which may be a little more erowded together than
is usual,  But in others (e. g., Spongilla proliferens and' Spongilla
cragsissimd) in which the pores are extremely small, each pore
normally pierces the middle of a flat, ring-shaped cell or porocyte.
Occasionally, however, a pore may be found that i8 enclosed
by two marrow, crescent-shaped cells joined together at their
tips to form a ring. The porocytes of sponges like Spongilla
carteri are probably not actually missing, but instead of being in
the external membrane are situated below the derma at the
external entrance to the canals that carry water to the flagellated
chambers or even at the entrance to the chambers themselves *.
Some authors object on theoretical grounds to the statement that
porocytes exist in the Demospongia, and it is possible that these cells
havein this grade neither the same origin as,nor a precisely similar
function to, the porocytes of other sponges. When they oceur in
the dermal membrane no great difficulty is experienced in seeing
them under a sufficiently high power of the microscope, if the
material is well preserved and mounted and stained in a suitable
manner t. In most sponges the porocytes can contract in such a
way that the aperture in their centre is practically closed, but
this power appears to be possessed by the porocytes of Spongilla
only to a very limited extent, although they closely resemble the
porocytes of other sponges in appearance. :

The external membrane in many Spongillidee is prolonged
round arfd above the oscula s0 as to form an oscular collar, This-
structure is highly contractile, but cannot close together. Asa
rule it is much more conspicuous in living sponges than in
preserved specimens, . \

It is not necessary to deal here with most of the cells that
oceur in the parenchyma or gelatinous part of the sponge. A
full list of the kinds that are found is given by Dr. Weltner in
his ¢ Spongillidenstudien, V,” p. 276 (Arch. Naturg. Berlin, Ixxiii
(i), 1907).  One kind must, however, be briefly noticed as being of
some systematic importance, namely the ¢ bubble-cells ” (fig. 24)
that are characteristic of some species of Ephydatia and other
genera. These cells are comparatively large, spherical in form;
each of them contains a globule of liquid which not only oceupies
the greater part of the cell, but forces the protoplasm to assume
the form of a delicate film lining the cell-wall and covering the

#* (ff. Weltner,  Spongillidenstudien, V,” Arch. Naturg. Berlin, lxxiii (i),
p- 273 (1907).

T It is difficult to see any trace of them in thin microtome sections, A
fragment of the membrane must be mounted whole. :



i

: mﬁdﬁrmftmm " 8y
globulo. Tn optical section “ bubble-cells * Liave a certain resem-
blance to porocytes, but the cell i8 of course imperforate and not
flattened. : W e i

i SkuLETON AND SPrcUTES. |
In the Spongillide the spicules and”the skeleton are more
important as regards the recognition of genera and species than

Fig. 3.—Radial sections of fragments of the skeletons of Spongille,

A, 8. crassissima var, crassior (from Rajshabi); B, 8. carfers (from
Caleutta) ; a=transverse, b=radiating fibres; e=external surface of the

sponge,
D
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the soft parts. The skeleton is usually reticulate, but some-
times consists of a mass of spicules almost without arrangement.

The amount of spongin present 'is also different in different i

species.  The spicules in a reticulate skeleton are arranged so as
to form fibres of two kinds—radiating fibres, which radiate
outwards from the centie of the sponge and frequently penetrate
the external membrane, and transverse fibres, which run across
from one radiating fibre to another. The fibres are composed of
relatively large spicules (megascleres) arranged parallel to one
another, overlapping at the ends, and bound together by means
of a more or less profuse secretion of spongin, In some species
they are actually enclosed in a sheath of this substance. The
radiabing fibres are usually more distinct and stouter than the
transyerse ones, which are often represented by single spicules but
are sometimes splayed out at the ends so as to assume in outline
the form of an hour-glass (fig. 8 B). The radiating fibres frequently
rgjse up the membrane at their free extremities just as a tent-
pole does a tent. : ‘

Normal spicules of the skeleton are always rod-like or needle-
like, and either blunt or pointed at both ends; they are either
smooth, granular, or covered with small spines. Sometimes
spicules of the same type form a more or less irregular transverse
network at the base or on the surface of the sponge. ;

From the systematist’s point of view, the structure of the free
spicules found scattered in the substance and membrane of the
sponge, and especially of those that form the armature of the
gemmules, is of more importance than: that of the skeleton-
spicules.  Free spicules are absent in many species ; when

|

Fig. 4.--Part of an oscular collar of ‘Spangz'lla lacustris subsp. reficulala;
showing arrangement of microscleres in the derma (magnified).

present they are usually needle-like and pointed at the tips. In
a few species, however, they are of variable or irregular form, or
consist of several or many shafts meeting in a common central
nodule. In one genus (Corvospongilla) they resemble a double
grappling-iron in form, having a circle of strongly recurved hooks
at both ends. The free microscleres, or flesh-spicules as they are
often called, are either smooth, granular, or spiny.
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Gemmule-spicules, which form a characteristic feature of the
Spongillide, are very seldom absent when the gemmules are
mature, They arve of the greatest importance in distinguishing

- the genera. In their simplest form they closely resemble the
tree microscleres, but in several genera they bear, either at or near
one end or at or near both ends, transverse disks which are either
smooth or indented round the edge, In one genus ([Pectispongilla)
they are provided at both ends not with disks but with vertically
parallel rows of spines resembling combs in appearance.

The simpler spicules of the Spongillidee are formed in single

cells (see fig. 2 E), but those of mote complicated shape are pro-
duced by several cells acting in concert. Each spicule, although
it is formed mainly of hydrated silica (opal), contains a slender
.organic filament rununing along its main axis inside the silica.
This filament, or rather the tube in which it is contained, is often
quite conspicuous, and in some species (e.g., Spongilla crassis-
sima) its termination is marked at both ends of the megasclere by
a minute conieal protuberance in the silica.
. Unless sponges are alehemists and can transmute one element
into another, the material of which the spicules ave made must
ultimately come from the water in which the sponges live, or the
rocks or other bodies to or near which they are attached. The
amount of water that must pass through a large specimen of such
@ sponge as Spongilla eartert in order that it may obtain materials
for its skeleton must be enormous, for silica is an insoluble sub-
stance. I have noticed, however, that this sponge is particularly
abundant and grows with special luxuriance in ponds in which
clothes are washed with soap, and my friend Mr, G. H. Tipper
has suggested to me that possibly the alkali contained in the soap-
suds may assist the sponge in dissolving out the silica contained
in the mud at the bottom of the ponds, The question of how
the mineral matter of the skeleton is obtained is, however, one
about which we know nothing definite.

The spongin that binds the skeleton-spicules together takes
the form of a colourless or yellowish transparent membrane,
which 1s often practically invisible. When very abundant it

- sometimes extends across the nodes of the skeleton as a delicate
veil. 1In some sponges it also forms a basal membrane in contact
with the object to which the sponge is attached, and in some
such cases the spongin of the radiating fibres is in direct con-
tinuity with that of the basal membrane,

Corotr AND ODOUR,

Most freshwater sponges have & bad odour, which is more
marked in some species than in others. This odour is not .
peculiar to the Spongillide, for it is practically identical with that
given_out by the common marine sponge Halichondria pawicea.

‘ D2

‘
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Tts function is probably protective, but how it is produced we do
not know. ‘ S
‘The coloration of freshwater sponges is wusually dull and
uniform, but Pectispongilla aurea is of the brilliant yellow indi-
cated by its name, while many species are of the bright green
shade characteristic of ¢chlorophyll, the colouring matter of the
leaves of plants, Mauny species are brown or grey, and some are
almost white., il ‘ ‘ :

These colours are due to one of three causes, or to a combina-
tion of more than one of them, viz. :~—(1) the inhalation of solid
inorganic particles, which are engulfed by the cells; (2) the
presence in the cells of coloured substances, solid or liquid, pro-
duced by the vital activities of the sponge ; and (3) the presence-
in the cells of peculiar organized living bodies known as “ green
corpuscles.” , : ! i

Sponges living in muddy water are often nearly black. This is
because the cells of their parenchyma are gorged with very
minuate solid particles of silt. Tf a sponge of the kind is kept in
cledn water for a few days, it often becomes almost white. An
interesting experiment is easily performed to illustrate the absorp-
tion and final elimination of solid colouring matter by placing a
living sponge (small specimens of Spongilla carteri are suitable) in
a glass of clean water, and sprinkling finely powdered carmine in
the water. In a few hours the sponge will be of a bright pink
eolour, but if only a little carmine is used af first and no more
added, it will regain its normal greyish hue in a few days,

The colouring matter produced by the sponge itself is of two

kinds—pigment, which is probably a waste product, and the
substances produced divectly by the ingestion of food or in the
process of its digestion. ‘When pigment is produced it takes the
form of minute granules lying in the cells of the parenchyma,
the dermal membrane being as a rule colourless.  Very little is
known about the pigments of freshwater sponges, and even less
about ‘the direct Eroducts of metabolism. It is appavently the
latter, however, that give many otherwise colourless sponges a
slight pinkish or yellowish tinge directly due to the presence in
cells of the parenchyma of minute liquid globules. In one form
of Spongilla cartert these globules turn of a dark brown colour if
treated with aleohol. The brilliant colour of Pectispongilla aurea
is due not to solid granules but to a liquid or semi-liqnid
substance contained in the cells, ' ‘
' The green corpuscles of the Spongillid® are not present in all
species. There is every veason to think that they represent a
stage in the life-history of an alga, and that they enter the sponge
in an active condition (see p. 49).

A fourth cause for the coloration of freshwater sponges may be
noted briefly, It is not a normal one, but oceurs commonly in
certain forms (e. g., Spongilla alba var. bengalensis). This ‘cause is
the growth in the canals and substance of the sponge of parasitic
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algee, which turn ‘the whole organism of a dull green colour.
They do mot do so, however, until they have reduced it to a
 dying state. The commonest parasite of the kind is a filamentous
,3pf:ias particularly common in brackish water in the Ganges
delta. ‘ ‘ s ‘

‘ i
. Exrrryan Fory anp CONSISTENCY.

The external form of sponges is very variable, but each species,
subspecies, or variety of the Bpongillide has normally a charac-
teristic appearance. ‘The European race of Spongilla lacusiris,
for example, consists in favourable circumstances of a flattened
basal part from which long cylindrical branches grow out ; while

Fig. b.—Part of a type-specimen of Spongilla lacustris
subsp. reticulate (nat. size).

in the Indian race of the species these branches are flattened
" instead of being cylindrical, and anastomose freely. The strac-
ture of the branches is identical with that of the basal part.
' Many other species (for instance, Spongilla bombayensis and
8. ultima) never produce branches but always consist of lichenoid

)
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or cushion-shaped masses. The appearance of Spongilla crateri~
Jormis, when it is growing on a flattened surface which allows it
to develop its natural form, is very characteristic, for it consists
of little flattened masses that seem to be running out towards one
another, just as though the sponge had been dropped, spoonful
by spoonful, in a viscous condition from a teaspoon.  Some
species, such as Trockospongilla phillottiana, cover large areas with
a thin film of uniform thickness, while others (e. g., Spongilla
albe and Fphydatia meyeni) consist of irregular masses, the
surface of which bears numerous irregular ridges or conical,
subquadrate, or digitate processes. In a few forms (e. g., Corvo=
spongilla burmanica) the surface is ecovered with small turret-
like projections of considerable regularity, and some (e.g., Spon-
gilla erassissima) naturally assume a spherical or oval shape with
an absolutely smooth surfuce, :

The production of long branches is- apparently rare in tropical
freshwater sponges. : ‘ »

The form of the oscula is characteristic in many cases. No
other Indian species has them so large, or with sach well-defined
marging as Spongilla earteri (Pl 11, fig. 1). In many species
(PL 11, fig, 8) they have a stellate appearance owing to the fact
that grooves in the substance of the sponge radiate round them

Fige 6e—Radial seotion through part of a dried sponge of
Spougilla erassisstma (from Caleutta), X b,

beneath the external membrane. In other species they are quite
inconspicuons and very small. 0
Spongillidee differ greatly in consistency. Spongilla crassissima
and Corvospongilla lapidose are almost stony, although the former
is extremely light, more like pumice than true stone, Otker
species (e. g., Trochospungilla latouchiana) are hard but brittle,
while others again are soft and easily compressed, as Spongilla
lacustris, the variety' mollis of 8. carteri, and S, crateriformis.
Thé consistency of a sponge depends on two factors——the number
of spicales present, and the amount of gpongin, In OOrwspomgilla
lapidosa the number of spicules is very large indeed. They are
not arranged so as to form a reticulate skeleton but interlock in




all directions, and there is bardly any spongin associated with
them. XIn Spongilla crassissima, on the other hand, the number
of spicules although large is not unusually so; but they form a
very definitely reticulate skeleton, and are bound together by an
unusually profuse secretion of spongin. TIn 8. carter var, mollis
both spicules and spongin are reduced to a minimum, and the
parenchyma is relatively more bulky than’ usnal.

VARIATION.

Bponges are very variable organisms, and even a slight change
in the environment of the freshwater species often produces a
considerable change in form and structure. Some species vary in
accordance with the season, and others without apparent cause.
Not only have many given rise to subspecies and * varieties ” that
possess a certain stability, but most if not all arve liable to smaller
changes that apparently affect both the individual and the breed,
at any rate for a period.

(a) Seasonal Variation,

Weltner has shown in a recent paper (Arch. Natg. Berlin,
Ixxiii (1), p. 276, 1907) that in Europe those individuals of FEphy-
datia which are found (exceptionally) in an active condition in
winter differ considerably both as regards the number of their
cells and their anatomy from those found in summer. In Calcutta
the majority of the individuals of Spongilla carter: that are found
in summer have their external surface unusually smooth and
rounded, and contain in their parenchyma numerous cells the
protoplasm of which is gorged with liquid. These cells give the
whole sponge a faint pinkish tinge during life ; but if itiis plunged
in spirit, both the liguid in the cells and the spirit turn rapidly of
a dark brown colour, Specimens of Spongilla crateriformis taken
in a certain tank in Calentta during the cold weather had the
majority of the skeleton-spicules blunt, while the extremities of
the gemmule-spicules were distinctly differentiated. Specimens
of the same species taken from the same tank in July had the
skeleton-spicules pointed, while the extremities of the gemmule-
spicules were much less clearly differentiated, I have been unable
to confirm this by observations made on sponges from other tanks,
Dut it would certainly suggest that at any rate the breed of
spouges in the tank first investigated was liable to seasonal
variation, : \ ‘

(b)  Variation due durectly to Enviromment,

The characteristic external form of freshwater sponges is liable
in most cases to be altered as a direct result of changes in the
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environment, The following are two characteristic instances of
this phenomenon. ‘ e : ; e

Certain shrubs with slender stems grow in the water at the edge
of Igatpuri Lake. The stems of these shrubs support many large
examples of Spongilla carteri, which are kept in almost constant
motion owing to the action of the wind on those parts of the
shrubs that are not under water. The surface of the sponges is
so affected by the currents of water thus set up against it that it
is covered with deep grooves and high irregular ridges liké cocks-
combs. Less than a hundréd yards from the lake there is a small
pond in which Spongilla carteri is also abundant. Here it grows.
on gtones at the bottom and has the characteristic and almost
smooth form of the species. G

My second instance also refers in part; to Igatpuri Lake, Corve-
spongilla lapidosa is common in the lake on the lower surface of
stones, and also oceurs at Nasik, about thirty miles away, on the
walls of a conduit of dirty water. In the latter situation it has
the form of large sheets of a blackish colour, with the surface
corrugated and the oscula incongpicuous, while in the clear waters
of the lake it is of a pale yellowish colour, occurs in small lichenoid
patches, and has its oscula rendered conspicuous, in spite of their
minute size, by being raised on little conical eminences in such a
way that they resemble the craters of voleanoes in miniature.

Both the European and the Indian races of Spongilla lacustris
fail to develop branches if growing in unfavourable conditions. In
specimens obtained from the River Spree near Berlin these struc-
tures are sometimes many inches in length; while in mature
specimens taken under stones in Loch Baa in the Island of Mull
the whole organism consisted of a minute cushion-shaped mass less
than an inch in diameter, and was also deficientin spicules. Both
these breeds belong to the same species, and probably differ as a
direct; result of differences in environment. i

(¢) Variation without apparent cause,

Plate I in this volume illustrates an excellent example of
variation in external form to which it is impossible to assign a
cause with any degree of confidence. The three specimens fignred
were all taken in the same pond, and ‘at the same season, but in
different years, It is possible that the change in form, which was
not peculiar to a few individuals but to all those in several adjacent
ponds, was due to a difference in the salinity of the water brought
about by a more or less abundant rainfall; but of this I have been
able to obtain no evidence in succeeding years.

Many Spongillidee vary without apparent canse as regards the
shape, size, and proportions of their spicules. This is the case as
regards most species of Huspongilla and Ephydatia, and is a fact
to which careful consideration has to be given in separating the
species.




INTRODUGRION.

L e G R ‘

Very little is known about the matural food of freshwater
. sponges, except that it must be of an organic nature and must

be either in a very finely divided or in a liquid condition. The

cells of the sponge seem to have the power of selecting suitable
food from the water that flows past them, and it is known that

they will absorb milk. The fact that they engulf minute particles
of silt does not prove that they lack the power of selection,
for extraneous matter is taken up by them not only as food but
"in order that it may be eliminated. Silt would soon block up
the canals and so put a stop to the vital activity of the sponge,
if it were not got rid of, and presumably it is only taken into
the cells in order that they may pass it on and finally disgorge
it in such a way or in such a position that it may be carried out
of the oscula. The siliceous part of it may be used in forming
spicules.

It is generally believed that the green corpuscles play an im-
portant part in the mutrition of those sponges in which they
oceur, and there can be no doubt that these bodies have the power
peculiar to all organisms that produce chlorophyll of obtaining
nutritive substances direct from water and carbonic oxide throngh
the action of sunlight. Possibly they hand on some of the nourish-
ment thus obtained to the sponges in which they live, or benefit
them by the free oxygen given out in the process, but many
Spongillide do well without them, even when living in identical
conditions with species in which they abound. -

REPRODUCTION,

Both eggs and buds are produced by freshwater sponges (the
latter rarely except by one species), while their gemmules attain
an elaboration of structure not observed in any other family of
sponges,

Probably all Spongillide are potentially moneecious, that is to
say, able to produce both eggs and spermatozoa. In one Indian
species, however, in which budding is unusually common (viz.
Spongilla proliferens), sexual reproduetion takes place very seldom,
it ever. 1t is not known whether the eggs of sponges are fer-
tilized by spermatozoa from the individual that produces the egg
or by those of other individuals, but not improbably both methods
of 'fertilization occur, ;

The egg of a freshwater sponge does not differ materially from
that of other animals, 'When mature it is a relatively large
spherical cell containing abundant food-material and situated in
some natural cavity of the sponge. In the earlier stages of its
growth, however, it exhibits amceboid movements, and makes its
way through the common jelly. As it approaches maturity it is
surrounded by other cells which contain granules of food-
material. The food-material is apparently transferred by them
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ina slighfly altered form to the egg. ‘The egg has 1o shell, but

in some species (e.g. Ephydatia blembingia *) it is sarrounded,
after fertilization, by gland-cells belonging to the parent sponge,
which secrete round it a membrane of spongin. Development
goes on within the chamber thus formed until the larya is ready
to assnme a free life. : ! o
The spermatozoon is ‘also like that of other animals, consisting |
of a rounded head and a lash-like tail, the movements of which
enable it to move rapidly through the water. Spermatozoa are
produced in Spongilla from spherical cells not unlike the eggs in,
general appearance. The contents of these cells divide and sub-=
divide in such a way that they finally consist of a mass of
spermatozoa surrounded by a single covering cell, which they
finally rupture, and so escape, i ‘

Tig. T.—Diagram of a vertical section through the gemmule of
Spongilla proliferens.
A=cellular contents; B=internal chitinous layer; O=external chitinous
layor; D=pneumatic coat; B==gemmule-spicule; Feexternal membrane;
Gre=foraminal tubule, ‘ :

Gemmules are asexual veproductive bodies peculiar to the
sponges, but not to the Spongillide. They resemble the stato-
blasts of the phylactolematous polyzoa in general structure as
well as in function, which is mainly that of preserving the race
from destruction by such agencies as drought, starvation, and
temperatures that ave either too high or too low for its activities,
This function they are enabled to perform by the facts that they
are provided with coverings not only very hard but; also fitted to
resist the unfavourable agencies to which the gemmules are likely

* Rec. Ind. Mus, i, p. 269 (1907).
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. to be exposed, and that they contain abundant food-material of
which use can be made as soon as favourable conditions oecur
oL La , ‘

~ Internally the gemmule consists of a mass of cells containing
food-material in what may be called a tabloid form, for it consists
of minutely granular plate-like bodies. These cells ave enclosed in

a flask-like receptacle, the walls of which Consist of two chitinous

layers, a delicate inner membrane and an oater one of considerable

stoutness. The mouth of the flask is closed by an extension
of the inner membrane, and in some species is surrounded
by a tubular extension of the external membrane known as the
foraminal tubule. Externally the gemmule is usually covered by
what is called a ¢ pneumatic coat,” also of ¢ chitin” (spongin),
but usually of great relative thickness and honeycombed by spaces
which contain air, rendering the structure buoyant. The pneu-
matic coat also confains the microscleres characteristic of the
species ; it is often limited externally by a third chitinous mem:
brane, on which more gemmule-spicules sometimes lie parallel to

the surface. ,

- The cells from which those of the gemmules are derived ave
akin in origin to those that give rise to eggs and spermatozon.
Some zoologists are therefore of the opinion that the development
of the gemmule is an instance of parthenogenesis—that is to sy
of an organism arising from an egg that has not been fertilized.
But some of the collar-cells, although most of them originate from
the external ciliated cells of the larva, have a similar origin.  The
building-up of the gemmule affords an excellent instance of the
active co-operation that exists between the cells of sponges, and of
their mobility, for the food-material that bas to be stored up is
brought by cells from all parts of the sponge, and these cells retire
after discharging their load into those of the young gemiaule.

The formation of the gemmule of Ephydatia blembingia, a
Malayan species not yet found in lIndia, is described in detail
by Dr. R. Evans (Q. J. Miecrose, ‘Sci. London, xliv, p. 81,
1901),

Giemmules are produced by the freshwater gponges of Europe,
N. America and Japan at the approach of winter, but in the
tropical parts of India they are formed more frequently at the
approach of the hot weather (p. 4). = After they are fully formed
the sponge that has produced them dies, and as a rule disinte-
glates more or less completely. In some species, however, the
greater part of the skeleton remains intact, if it is not disturbed,
and retains some of the gemmules in its meshwork, where they
finally germinate. Other gemmules are set free, Some of them
float on the surface of the water; others sink to the bottom. 1In
any case all of them undergo a period of quiescence before ger-
minating. It has been found that they can be kept dry for two
years without dying.

The function of the special spicules with which the gemmules
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of the Spongillidew are provided appears to be not only to protect
them but more especially to weight them to the extent suitable to
the habits of each species. Species that inhabit running water,
for example, in some cases have heavier gemmule-spicules than
those that live in stagnant water, and their gemmules are the less
easily carried away by the currents of the river. The gemmules
of sponges growing irf lakes are sometimes deficient in spicules,
This is the case as regards the form of Spongilla lacustris found
in Lake Baa, Isle of Mull, as regards 8. helvetica from the Lake
of Geneva, 8. moorei from Lake Tanganyika, and 8. coggini from
Tali-Fa in Yuunan ; also as regards the species of Spongilla and
Ephydatia found in Lake Baikal, many of the sponges of which are
said never to produce gemmules. Hisn e i ;

Exeept in the genus Corvespongilla and the subgenus Strato-
spongilla, in. both of which the air-spaces of the gemmules are
usually no mere than cavities between different chitinons mem-
branes, the pneumatic coat is either * granular” or “cellular.”
Neither of these terms, however, must be understood in a physio-
logical sense, for what appear to be granules in a granular coat
are actually minute bubbles of air contained in little cavities in a
foam-like mass of chitin (or rather spongin), while the cells in
a cellular one are only larger and more regular air-spaces with
thin polygonal walls and flat horizontal partitions. The walls of
these spaces are said in some cases to contain a considerable
amount of silica. _

The gemmules with their various coverings are usually spherical
in shape, but in some species they are oval or depressed in outline.
They lie as a rule free in the substance of the sponge, but in some
species adhere at its base to the object to which it is attached.
In some species they are joined together in groups, but in most
they are quite free one from another.

Reproductive buds* ave produced, so far as is known, by very
few Spongillidee, although they are common enough in some other
groups of sponges. In the only freshwater species in which they
have been found to form a habitnal means of reproduction, namely
in Spongille proliferens,they have much the appearance of abortive
branches, and it is possible that they have been overlooked for this
reason in other species, for they were noticed by Laurent in
Spongilla lacustris as long ago as 1840 (CR. Sé. Acad. Sci. Paris,
xi, p. 478). The buds noticed by Laurent, however, were only pro-
duced by very young sponges, and were of a different nature frém
those of S. proliferens, perhaps representing a form of fission
rather than true budding (see * Voyage de la Bonite: Zoophyto-
logie,” Spongiaires, pl. i (Paris, 1844)).

In Spongilla proliferens, a common Indian species, the buds arise

* Proliferation whereby more than one osculum is produced is really a form
of budding, but in most sponges this has become no longer a mode of repro-
duction but the normal method by which size is inereased, and must therefore
be considered merely as a vegetative process,



as thickenings of the strands of cells accompanying the radiating
spicule-fibres of the skeleton, which project outwards from the
surface of the sponge. The thickenings originate beneath the
surface and contain, at the earliest stage at which 1 have as yet
examined them, all the elements of the adult organism (3. ¢, flegh~
spicules, ciliated chambers, efferent and .afferent canals, paren-
chyma-cells of various sorts) except skeleton fibres, gemmules, and
4 dermal membrane. A section at this period closely resembles one
of an adult sponge, except that the structure is more compact,
the parenchyma being relatively bulky and the canals of small
diameter, L ‘ ‘ ‘ ,

Laurent observed reproduction by splitting in young individuals
of Spongilla, but I have not been able to obtain evidence myselt
that this method of reproduction occurs normally in Indian
species, 1In injured specimens of Spongtlia carteri, however, I
have observed a phenomenon that seems to be rather an abnormal
form of budding, little rounded masses of cells making their way
to the ends of the radiating skeleton fibres and becoming trans-
formed into young sponges, which break loose and so start an
independent existence, Possibly the buds observed by Laurent
in 8. lacustris were of a similar nature, o

DaveLOPMENT.
(a) From the Lgg,

After fertilization, the egg, lying in its cavity in the sponge,
undergoes a complete segmentation ; that 18 to say, becomes
divided into a number of cells without any residuum remaining.
The segmentation, however, is not equal, for it results' in the
formation of cells of two distinct types, one larger and less
numerous than the other. As the process continues a pear-
shaped body is produced, solid at the broader end, which consists
of the larger cells, but hollow at the other. TFurther changes
result in the whole of the external surface becoming ciliated or
covered with fine protoplasmic lashes, each of which arises from a
single small cell; considerable differentiation now takes place
among the cells, and spicules begin to appear. At this stage or
carlier (for there seem to be differences in different species and
individuals as to the stage at which the young sponge escapeés)
the larva makes its way out of the parent sponge. After a brief
period of free life, in which it swims rapidly through the water
by means of its cilia, it fixes itself by the broad end to some
solid object (from which it can never move again) and undergoes
a final metamorphosis. During this process the ciliated cells of
the external layer make their way, either by a folding-in of the
whole layer or in groups of cells, into the interior, there change
into collar-cells and arrange themselves in special cavities—the
ciliated chambers of the adult. Finally an osculum, pores, &e.,
are formed, and the sponge is complete.

INTRODUGTION, , gy
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This, of course, is the merest outline of what occurs; other
changes that take place during the metamorphosis are of great
theoretical interest, but cannot be discussed here. The student
may refer to Dr. R, Evang’s account of the larval development of
Spongilla lacustres in the Q. J. Microse, Sei. London, xlii, p. 863
(1899). ,‘ ,

(b) From the Gemmule.

The period for which the gemmule lies dormant probably de-
pends to some extent upon environmeng and to some extent on
the species to which it belongs. Carter found that if he cleaned
gommuloes with a handkerchict and placed them in water exposed
to sunlight, they germinated in a few days; but in Caleutta
gemmules of Spongella alba var. bengalensis treated in this way
and placed in my aquarium at the beginning of the hot weather,
did not: germinate until well on in the * rains.” Fven then, after
about five months, only a few of them did so. Zykoff found that
in Europe gemmules kept for two years were still alive and able
to germinate. !

Germination consists in the cellular contents of the gemmule
bursting the membrane or membranes in which they are enclosed,
and making their way out of the gemmule in the form of a delicate
whitish mass, which sometimes issues through the natural apertuve
in the outer chitinous coat and sometimes through an actual rent
in this coat. 1In the latter case the development of the young
sponge is more advanced than in the former,

The fullest account, of development from the gemmule as yet
published is by Zykoft, and refers to Ephydatia in Burope (Biol.
Centralbl, Berlin, xii, p. 713, 1892).

His inyestigations show that the bursting of the gemmule is
not merely a mechanicel effect of moisture or any such agency but
is due to development of the cellular contents, which at the time
they escape have at least undergone differentiation into twolayers,
OF the more important soft structures in the sponge the osculum
is the first to appear, the ciliated chambers being formed later.
This is the opposite of what occurs in the case of the bud, but in
both cases the aperture appears tobe produced by the pressure of
water in the organism. The manner and order in which the
different kinds of cells originate in the sponge derived from a
‘gemmule give support to the view that the primitive cell-
layers on which morphologists lay great stress are not of any
great importance so far as sponges are concerned. '

(c) Development of the Bud,

As the bud of Spongilla proliferens grows it makes its way up
the skeleton-fibre to which 1t was originally attached, pushing the
dermal membrane, which expands with its growth, before it. The




INTRODUCTION, ’ ‘ 47

skeleton-fibre does not, however, continue to grow in the bud, in
which a nuwmber of finer fibres make their appearance, radiating
from a point approximately at the centre of the mass. As the
bud projects more and more from the surface of the sponge the
dermal membrane coutracts at its base, so as finally to separate it
from its parent. Further details are given on p. 74

Hasrram,

My, BEdward Potts*, writing on the freshwater sponges of
North Awmerica, says i~ These organisms have occasionally been
discovered growing in water unfit for domestic uses; but as a
rule they prefer pure water, and in my experience the finest
specimens have always been found where they are subjected to
the most rapid currents.” I'rue as this is of the Spongillid® of
temperate climates, it is hardly applicable to those of tropical
India, for in this country we find many species growing most
luxuriantly and commonly in water that would certainly be con-
sidered unfit for domestic purposes in a country in which sanita-

_ tion was treated as a sclence. Some species, indeed, are only
found in ponds of water polluted by human agency, and such
ponds, provided that other conditions are favourable, ave perhaps
the best collecting grounds. Other favourable conditions consist
in a due mixture of light and shade, a lack of disturbance such
as that caused by cleaning out the pond, and above all in the
presence of objects suitable for the support of sponges.

I do not know exactly why light and shade must be mixed in a
habitat favourable for the growth of sponges, for most species
prefer shade, if it be not too dense; but it is certainly the case
that, with a few exceptions, Indian Spongillide flourish est in
water shaded at the edges by trees and exposed to sunlight else-
where. One of the exceptions to this rule is the Indian race of
Spongilla lacustris, which is found in small pools of water in sand-
dunes without a particle of shade. Several species are only found
on the lower surface of stones and roots in circumstances which
do not suggest that their position merely protects them from mud,
which, as Mr. Potts points out, is their * great enemy.” A notable
instance is Z'rochospongilla pennsylvaniea, which is found hiding
away from light in"America and Europe as well as in India.

1t is curious that it should be easy to exterminate the sponges
in a pond by cleaning it out, for one would have thought that

sufficient gemmules would have remained at the edge, or would
have been brought rapidly from elsewhere, to restock the water.
Mr. Green has, however, noted that Spongilla carteri has disap-
peared for some years from a small lake at Peradeniya in which 1t
was formerly abundaunt, owing to the lake having been cleaned

* P, Ae. Philad. 1887, p, 162,




48 SPONGILLIDE, |

out, and I have made similar observations on several occasions in
Chaleutta. | ‘ ‘ u

The question of the objects to which sponges attach themselves
is one intimately connected with that of the injury done them by
mud. The deltaof the Ganges is one of the muddiest districts on
earth. There are no stones or rocks in the rivers and ponds, but
mud everywhere. If a sponge settles in the mud its canals are
rapidly cholsed, its vital processes cease, and it dies. In this part
of India, therefore, most spongesare found fixed either to floating
objects such as logs of wood, to vertical objects such as the stems
of bulrushes and other aquatic plants, or to the tips of branches
that overhang the water and become submerged during the “rains.”
Tn Caleutts man has unwittingly come to the assistance of the
sponges, not only by digging tanks but also by building * bathing-
ghats” of brick at the edge, and constructing, with sesthetic
intentions if not results, masses of artificial concrete rocks in or
surrounding the water. Thereare at least two sponges (the typical

" form of Spongilla albe and Hphydatia meyeni) which in Caleutta
are only found attached to such objects. The form of 8. alba,
however, that is found in ponds of brackish water in the Gangetic
delta has not derived this artificial assistance from man, except in
the few places where brick bridges have been built, and attaches
itself to the stem and roots of a kind of grass that grows at the
edge of brackish water. This sponge seems to have become
immune even to mud, the particles of which are swallowed by its
cells and finally got rid of without blocking up the canals.

Several Indian sponges are only found adhering to stones and
rocks. Among these species Corvospongilla lapidosa and our repre-
sentatives of the subgenus Stratospongilla are noteworthy. Some
forms (e. g. Spongilla carteri and 8. crateriformis) seem, however,
to be just as much at home in muddy as in rocky localities, although
they avoid the mud itself., ;

There is much indirect evidence that the larve of freshwater
sponges exercise a power of selection as regards the objects to
which they affix themselves on settling down for life.

Tew Spongillide are found in salt or brackish water, but
Spongilla alba var. bengalensis has been found in both, and is
abundant in the Jatter ; indeed, it has not been found in pure
frosh water, Spongilla travancorica has only been found in slightly
brackish water, while 8. lacustris subsp. reticulata and Dosilia
plumosa oceur in both fresh and brackish water, although rarély
in the latter. The Spongillidwe are essentially a freshwater family,

"and those forms that ace found in any but pure fresh water must
be-regarded as aberrant or unusvally tolerant in their habits, not
as primitive marine forms that still linger halfway to the sea.
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‘ (a) Enemies, ! G

Freshwater spouges have fow living enemies. Indeed, it is
difficult to say exactly what is an enemy of a creature so loosely
organized as a sponge. There can be little doubt, in any case,
that the neuropteroi(f larva (Sisyra indica) which sucks the cells of
several species should be classed in this category, and it is note-
worthy that several species of the same genus also oceur in Burope
and N. Amerieca which also attack sponges.  Other animals that
. may be enemies are a midge larva (Zanypus sp.) and certain worms
that bore through the parenchyma (p. 93), but I know of no
animal that devours sponges bodily, so long as they are uninjured,
If their external membrane is destroyed, they are immediately
attacked by various little fish and also by snails of the genera,

Limneea and Planorbis, and prawns of the genus Palemon, :
Their most active and obvious enemy is a plant, not an animal,
~—to wit, a filamentous alga that blocks up their canals by its

rapid growth (p. 79).

(b) Beneficial Organisms.

The most abundant and possibly the most important organisms
that may be considered as benefactors to the Spongillidee ave the
green corpuscles that live in the cells of certain species (fig. 2,
p. 31), notably Spongilla lacustris, S. proliferens, and Dosilia
plumosa. I have already said that these bodies are in all proba-
bility algee which live free in the water and move actively at one

: stage of their existence, but some of them are handed on directly
from a sponge to its desecendants in the cells of the gemmule.
In their quiescent stage they have been studied by several
zoologists, notably by Sir Ray Lankester* and Dy, W. Weltnert,
but the strongest light that has been cast on their origin is given,
by the researches of Dr. F. W. Gamble and Mr. F. Keehle (G .
Microse. Sei. London, xlvii, p. 363, 1904, and li, p. 167, 1907).
These researches do not refer directly to the Spongillide but to a
little flat-worm that lives in the sea, Convoluta roscoffiensis, The
green corpuscles of this worm so closel ¥ resemble those of Spongilla
that we are justified in supposing a similarity of origin, It has
been shown by the authors cited that the green corpuscles of the
worm are at one stage minute free-living organisms provided at
one end with four flagella and at the other with a red pigwent spot,
The investigators are of the opinion that these organisms exhibit

* Q. J, Microse. Sci. London, xxii, p. 229 (1882),
T Arch, Naturg. Berlin, lix (i), p- 260 (1893,
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the essential characters of the alge known as Chlamydomonade,
and that after they have entered the worm they play for it the
part of an excretory system. L i
As they exist in the cells of Spongilla the corpuscles are minute
oval bodies of a bright green colour and each containing a highly
_refractile colourless granule. A considerable number may be

present in a single cell. It is found in Buropean sponges that =

- they lose their green colour if the sponge is not exposed to bright
sunlight. In India, however, where the light is stronger, this is
not always the case. Even when the colour goes, the corpuseles can
still be distinguished as pale images of their green embodiment.
They are called Chloretla by botanists, who have studied their life-
history but have not yet discovered the full ¢ycle. See Beyerinck
in the Botan. Zeitung for 1890 (vol, xlviii, p. 780, pl. vii‘;,Le‘ipzi% i
and for further references West's ¢ British Kreshwater Algze, p. 230
(1904), i ‘ | |

The list of beneficent organisms less commonly present than the
green corpuscles includes a. Chivonomus larva that builds parchment-
like tubes in the substance of Spongilla carter: and so assists in
supporting the sponge, and of a peculiar little worm ( Cheetogaster
spongillee *) that appears to assist in cleaning up the skeleton of
the same sponge at the approach of the hot weather and in

setting free the gemmules (p. 93).

(¢) Orgamisms that take shelter in the Sponge or adheve
to it externally. |

There are many animals which take shelter in the cavities of
the sponge without apparently assisting it in any way. Among
these ave the little fish Gobius aleockii, which lays its eggs inside
the oscula of . carteri, thus ensuring not only protection but also
a proper supply of oxygen for them (p. 94); the molluses (Cor-
bula spp.) found inside’S. albe var. bengalensis (p. 78); and the
Tsopod (Zachwa spongillicola) that makes its way into the oscula
of Spongilla carteri and 8. erateriformis (pp. 86, 94). |

In Europe a peculiar ciliated Protozoon (Lrichedina spongille)
is found attached to the external surface of freshwater sponges.
I have noticed a similar species at Igatpuri on Spongilla erateri-
formis, but it has not yet been identified.” It probably has no
effect, good or bad, on the sponge.

M

. FrRESEWATER SPONGDS IN RELATION 170 MAXN.

In dealing with Spongilla carteri 1 have suggested that sponges
may be of some hygienic importance in absorbing putrid organic
matter from water used both for ablutionary and for drinking
purposes, as is so commonly the case with regard to ponds in
India. Their bad odour has caused some species of Spongillide

* Journ. As. Soc, Beng, ni & ii, 1906, p. 180,
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to be regarded as capable of polluting water, but a mere bad odour
does not: necessarily imply that they are insanitary.

 Unless my suggestion that sponges purify water used for
drinking purposes by ubsorbin% putrid matter should prove ‘to be
supported by fact, the Spongillide cannot be said to be of any
practical benefit to man. The only harm that has been imputed
to them is that of polluting water *, of blocking up water-pipes
by their growth-—a very rare ocourrence,~~and of causing irrita-
tion to the human skin by means of their spicules—a still rarer
one. At least one instance is, however, reported in which men
digging in a place where a pond had once been were attacked by
a troublesome rash probably due to the presence of sponge-
spicules in the earth, and students of the freshwater sponges
should be careful not to rub their eyes after handling dried
gpecimens. ;

INDIAN SPONGILLIDE COMPARED WITH THOSH OF OTHER
CouNtrIns, ‘

In Weltner’s catalogue of the freshwater sponges (1895)
seventy-six recent species of Spongillide (excluding Lubosmirskia)
are enumerated, and the number now known is well over a
hundred. ' In India we have twenty-nine species, subspecies, and
varieties, while from the whole of Burope only about a dozen are
known, 1In the neighbourhood of Caleutta nine species, repre-
senting three genera and a subgenus, have been found; all of
them occur in the Museum tank, The only other region of
similar extent that can compare with India as regards the richness
of its freshwater sponge fauna is that of the Amazon, frdm which
about twenty species are known. From the whole of North
America, which has probably been better explored than any other
continent so far as Spongillide are concerned, only twenty-seven
or twenty-eight species have been recorded,

The Indian species fall into seven genera, one of which
(Spongilla) consists of three subgenera.  With one exception
(that of Pectispongillu, which has only been found in Southern
India) these genera have a wide distribution over the earth’s
surface, and this is also the case as regards the subgenera of
Spongilla,  Four genera (Heteromeyenia, Acalle, Parmula, and
lﬁtguaya) that have not yet been found in India are known to
exist elsewhere,

Five of the Indian species are known to occur in Europe, viz.,
Spongilla lacustris, 8. crateriformas, S. carteri, S. fragilis, Trocho-
spongilla pennsylvawica ; while Ephydatia meyeni is intermediate
between the two commonest representatives of its genus in the
Holarctic Zone, Eplydatia fuviatilis and E. milleri. Of the

species that occur both in India and in BEurope, two (Spongilla -

* See Potts, Proc. Ae. Philad. 1884, p, 28,
82
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lacustris and 8. fragilis) ave found in:( this couixtry iﬁvfoma. suffi-
ciently distinct to be regarded as subspecies or local races. Perhaps

this course should also be taken as regards the Indian forms of &

8. carteri, of which, however, the commonest of the Indian races
would be the typical one ; bat 8. erateriformis and T, pennsylvaniea

seom to preserve their specific characters free from modification, =

whetber they are found in Europe, Asia, or America. |
The freshwater sponges of Africa have been comparatively little

~ studied, but two Indian species have been discovered, S. bom-

buyensis in Natal and S. lba var. cerebellata.in Egypt., Several of

- the species from the Malabar Zone are, moreover, closely allied
to African forms (p. 11). : ] e

Fossin SpoNGILLID A,

The: Spongillidee are an ancient family. Young described a
species (Spongilla purbeckensis) from the Upper Jurassic of Dorset
(Geol. Mag. London (new series) v, p. 220 (1878)), while spicules,
assigned by Bhrenberg to various genera but actually those of

pongilla lacustris or allied forms, have been found in the Miocene

of Bohemia (see Ehrenberg’s ¢Atlas fiir Micro-Geologie,” pl. xi
(Leipzig, 1854), and Traxler in Foldt. Kozl., Budapest, 1895,
p. 211). Bphydatia is also known in a fossil condition, but is
probably less ancient than Spongilla. ‘

Ehbrenberg found many sponge spicules in earth from various
parts of the Indian Empire (including Baluchistan, Mangalore,
Caleutta, the Nicobars and Nepal) and elsewhere, and it might
be possible to guess at the identity of some of the more con-
spicuous species figured in his < Atlas.’ The identification of
sponges’ from isolated spicules is, however, always a matter of
doubt, and in some cases Ehrenberg probably assigned spicules
belonging to entirely different families or even orders to the same
genus, while he frequently attributed the different spicules of the
same species to different genera. Among his fossil (or supposed
fossil) genera vhat may be assigned to the Spongillides wholly or
in part ave Aphidiscus, Spongolithis, Lithasterious and Litho-
spheeridium, many of the species of these “genera” certainly
belonging to Spongilla and Ephydatia. , 1 ‘

ORTENTAL SPONGILLIDE NOT YEF FOUND 1IN INDIA, L

Few freshwater sponges that have not been found in India are
as yet known from the Oriental Region, and there is positive as
well as negative evidence that Spongillide are less abundant in
Malaysia than in this country. The following list includes
the names of those that have been found, with notes regarding
each species. It is quite possible that any one of them may be
found ab any time within the geographical boundaries laid down
for this ‘ Fauna.” I have examined types or co-types in all cases
except that of Ephydatia fortis, Weltner. :



I ;Spbngdla (Euspongzlla) mwrosclewfem* ‘ Annandale (Ph111p~

pines), P. U.S. Mus, xxxvii, p. 131 (1909)

This sponge is closely velated to 8. lacustris, but apparently does

not produce branches. ' Tt is remarkable for the enormous number
of microscleres in its parenchyma. ;

IL. 8. (BEuspongilla) philippinensis *, Annnndale (Phxhppmes)
P. U.S. Mus. xxxvi, p. 629 (1909) ‘

Related to S. albe and still more closely to 8. saaptrmdcs of

Australia. From the former it is readily distinguished by having
minutely spined megascleres, green corpuscles, slender gemmule-
spicules with short spines and no free microscleres.

1L 8. (2 Buspongilla) yunnanensis*®, Annandale (W. Ohma)
. Rec. Ind. Mus. v, p. 197 (1910).

 Apparently allied to S. philippinensis but with smooth skele’com

spicules and a 'more delicate skeleton,

IV. 8. (Stratospongille) sinensis ®, Annandale (I‘oochow Ohma)
P. U.S. Mus. xxxviii, p. 183 (1910).

This species and . clementis are relerred to St atospongilla with

some doubt. Their gemmules are intermediate in structure

between those of that subgenus and those of Zuspongilla. In
8. sinensis the gemmules are packed together in groups at the base
of the sponge, and their spicules are smooth, stout, and gmdually
pointed,

V. 8. (Stratospongilla) clementis®, Annandale (Phlhpplnefa) i

P. U.8. Mus. xxxvi, p. 631 (1909)

The gemmules are single and closely adherent at the base of

the sponge. Their spicules are very slender and mmutely spined.

V1. 8. (2 Stratespongilla) coggini *, Aunandale (W China),  Ree.

Ind. Mus. v, p. 198 (1910).

The gemmules appurent]y lack ‘miecroscleres. = They I'eSemble ;

those o’rP S, clementis, to which the species is probably related, in
other respects. The skeleton-spicules are spiny and rather stout,
the species being strongly developed at the two ends.

WIL 8. (Stratospongilla) sumatrana ™, W eber (Malay Archipelago).

Aool Ergebnisse einer Reise in Nieder lnndmt-h Ost-Indien,
p. 38 (1890).

Close}y allied to . indica (p. 100) but with pointed skeleton~

‘spicules.

VIII. Ephydatia fortis, Weltner (Philippines). Arch. Naturgesch
Ixi (i), p. 141 (1890)

This species is remarkable for the great development of the
spines on the shaft of the gemmule-spicules.
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IX. Ephydatia bogorensis*, Weber (Malay Archipelago). Zool.
BErgebnisse einer Reise in Niederlindisch Ost-Indien, i,
p. 33 (1890). e e
The gemmule-spicules have rather narrow flattish disks, the
edge of which is feebly but closely serrated. ] o

X. E. blembingia *, Evans (Malay Peninsula). ' Q. J. Microse. Sci.
London, xliv, p. 81 (1901). |

The gemmules resemble those of Dosilia plumosa but arve
spherical.  There are no free microscleres, I

X1. Tubella-vesparium®, v. Marteis (Borneo). ' Arch. Naturg
ety Berlin, xxxiv, p. 62 (1868). ‘

Closely related to 7. vesparioides (p. 189), but with spiny
megascleres. ; :

As regards Spongilla decipiens *, Weber, from the Malay.AréhL
pelago, see p. 97, :

II.
Higrory oF THE STUDY OF FRESHEWATER SPONGES.

The bath-sponge was known to the Greeks at an early date, and
Homer refers to it as being used for cleansing furniture,
for esxpunging writing, and for ablutionary purposes. He also
mentions its peculiar structure, * with many holes.” ¢ Many
things besides,” wrote the English naturalist Ray in his ‘ Historia
Plantarpm ’ (1686), ¢ regarding the powers and uses of sponges
have the Ancients: to them refer.” Ray himself describes at
least one freshwater species, which had been found in an English
river, and refers to what may be another as having been brought
from America. In the eighteenth century Linné, Pallas and
other authors described the commoner European Spongillide in
general terms, sometimes as plants and sometimes as animals,
more usually as zoophytes or ¢ plant-animals ” partaking of the
nature of both kingdoms. The gemmules were noted and referred
to as seeds. The early maturalists of the Linnan Epoch,

~ however, added little to the general knowledge of the Spongillidee,
being oceupied with theory in which theological disputes wele
involved rather than actual observation, and, notwithstanding the
faet that the animal nature of sponges was clearly demonstrated
by Ellis T in 1765, it was not until the nineteenth century was
well advanced that zoologists could regard sponges in anything
like an impartial manner. :
Que of the pioneers in the scientific study of the freshwater

+ Phil, Trans, Roy. 8oc. 1y, p. 280,
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forms was the late Dr. H. J. Carter, who commenced his investi-
gations, and carried out a great part of them, in Bombay with little
_ of the apparatus now considered necessary, and with a microscope
that must have been grossly defective according to modern ideas.
_His long series of papers (1848-1887) published in the ¢ Annals
and Magazine of Natural History’ is an enduring mopument to
Indian zoology, and forms the best possible introduction to the
study of the Spongillidw. Even his earlier mistakes are instruc-
tive, for they are due not so much to actual errors in observation
as to a faithful transeription of what was observed with faulty
apparatus. ‘ ‘

Contemporary with Carter were two authors whose monographs
on the freshwater sponges did muach to advance the study of the
group, namely, J. 8. Bowerbank, whose account of the species
known at the time was published in the *Proceedings of the
Zoological Society of TLondon’ in 1882, and the veteran
American naturalist Mr. Edward Potts, whose study of the fresh-
water sponges culminated in his monograph published in the
¢Proceedings of the Academy of Natural Sciences of Philadelphia’
in 1887. Carter’s own revision of the gronp was published in the
¢ Annals and Magazine of Natural History’ in 1881. The names
of Vejdovsky, who prefaced Potts’s monograph with an account
of the Buropean species, and of Dybowsky, who published several
important papers on classification, should also be mentioned, while
Weltner's catalogue of the known species (1895)is of the greatest
possible value to students of the group.

Many authors have dealt with the physiology, reproduction
and development of the Spongillide, especially in recent years ;
Dr. R. BEvans’s description of the larva of Spongilla lacustris
(1899), and his account of the development of the geramule in
Ephydatia blembingia (1901), Zykoff's account of the develop-
ment of the gemmule and of the sponge from the gemmule (1892),
and Weltner's observations on' colour and other points (1893,
1907), may be mentioned in particular. Laurent's observations
on development (1844), which were published in the ‘ Voyage de
1a Bonite,” and especially the exquisite plates which accompany
them, have not received the notice they deserve, probably on
account of their method of publication.

LITERATURD,

The fullest account of the literature on the Spongillide as yet
published will be found in the first of Weltner’s ‘Spongilli-
denstudien’ (Archiv fiir Naturgeschichte, lix (i), p. 209, 1893).
Unfortunately it contains no references of later date than 1892.
The following list is not a complete bibliography, but merely a
list of books and papers that should prove of use to students
of the Oriental Spongillide,
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 GLOSSARY OF TECHNICAL TERMS USED
i _ IN PART 1. ‘

]

Jimpkiari (adj.amphioxous).
Amphistrongyli (adj. amphi-
 \strongylous).

Basal membrane  ........
Birotulate (subst. ox adj.), .

Bubbleseells' ..o ii iy

Ciliated - (or  flagellated)
chamber,

Collar-cell (choanoeyte) . . . .

Derma ox ectodermal layer .

Lzhalent (or efferent) canal.

Fibres (skeloton) ........

Rod-like spicules sharp at both ends,
Rod-like spicules blunt at both ends.

A horny, structureless membrane found at

the base of some sponges,

Spicule with a transverse disk at both
ends, iy
Spherical cells of the parenchyma the
contents of which consist of a drop of
liguid covered by & thin film of proto-

plasm.

A cavity lined with collar-cells,

Cell provided at one end with a mem-
branous collar and a vibratile lash or
flagelluny that springs from. within the
collar,

A layer of flat cells arranged like a pave-
ment on the surface of the sponge.

A tobular canal through whichs water
passes from a ciliated chamber towards
the osculum,

Thread-like structures that compose the
skeleton of the sponge and are formed
(in the Spongillidm) mainly of over-
lapping spicules,

Microscleres (¢. v.) that lie free in the
parenchyma and the derma.

An orifice of the gemmule.

A horny tube that surrounds the foramina
of some gemmules,

A mass of celly packed with food-material,
surrounded by at least one horny coat,
capable of yetaining vitality in un-
favourable conditions and finally of giving
origin to a new sponge.

Minute green hodies found inside cells of
sponges and other animals and repre-
senting a stage in the life-history of an
alga ( Chlorella).

"‘tﬁ‘
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Inkalent (or afferent) canal. A tubular canal through which water
. passes from  the exterior towards a
ciliated chamber, ‘

Megageleres... .. oo i The larger spicules that (in the Spbngilé
i lidew) form the basis of the skeleton of
the sponge. - ;
Microseleres ........... Smaller spicules that lie free in the sub-
stance or the derma of the sponge, or

are associated with the gemmule.

Manhoon o iedn (Of spicules) having a single main axis;
(of sponges) possessing skeleton spicules
of this type, '

91 N . An aperture through which water is ejected
from the sponge.

Osculay collar ~.......... Aring-shaped membrane formed by an ex-
tension of the derma round an osculum.

Farenchyma .. civi.iiai The gelatinous part of the sponge.

Povement layer . ......... Adherent gemmules arranged close together
in a single layer at the base of a sponge.

Preumatic coat . ......... A horny or chitinous layer on the surface

of the gemmule containing air-spaces.
If these spaces are of regular form and
arrangement it is said to be cellular ; if
they are minute and irregular it is called

- granular,
Porat sluia sty e il A minute hole through which water is
taken into the sponge.
Pore-cell (poroeyte) ... ... A cell pierced by a pore.
Radiating fibves .. ........ Fibres in the skeleton of a sponge that are
vertical or radiate from its centre.
Botlda o e A transverse digk borne by a microsclere,
Rotulate (subst. or adj.) .. Sp(iiqull{e bearing one or two transverse
18 HS,
TR B A minute mineral body of regular and

definite shape due not to the forces of
crystallization but to the activity of the
living cell or cells in which it is formed.

T IR The horny substance found in the skeletal
, framework and the coverings of gem-

mules of sponges.  Structures formed of

this substance are often referred to as

chitinous.
Subdermal cavity . ....:.. A cavity immediately below the derma
(g v). .
Transverse fibres ........ Fibres in the skeleton of a sponge thatrun
across between the radiating fibres.
Lubelliform (of spicule) .. Haying a straight shaft with a transverse

at one end and a comparatively
small knob-like projection at the other.
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SYSTEMATIC LIST OF THE INDIAN
SPONGILLIDA&:

[Types, schizotypes, or cotypes have bein examined in the case
of all species, &c., whose names ave marked thus, #.]

Genus 1. SpoNaiLLA, Lamarck (1816).

Subgenus A. Euvspoxeinra, Vejdovsky (1883),
1. 28 lacustris, avet, (perhaps in N.W. India),
L a. 8. lacustris subsp. reticulata *, Annandale (1907).
2. 8. probferens *, Annandale (1907).
3. 8. alba*, Carter (1849).
8a. 8. alba var. cerebellata, Bowerbank (1863).
8. 8. alba vax, bengalensis *, Annandale (1906).
4. 8. emereq ®, Carter (1849).
5. 8. travancorica *, Annandale (1909).
G. 8. hemephydatia®*, Annandale (1909).
7. 8 eraterafornus® (Potts) (1882).

Subgenus B. Eunartus, J. E. Gray (1867). *
8. 8. carters *, Carter (1849).
Ba. S carters yar. mollis *, nov.
8b. 8. carters var, cava *, noy,
Be. 8. carteri var, lobosa *, nov.
Q. 8. fragilis subsp, caleuttana *, noy.
9. 8. fragilis var. decipiens, Weber (probably Malaysian,
not Indian),
10. 8. geming *, sp. nov,
11. 5. crassissima ¥, Annandale (1907).
1la. 8. crassissima var. crassior ¥, Annandale (1907).

Subgenus C. STRATOSPONGILLA, Annandale (1909).

12. 8. indica *, Annandale (1908).
13. 8. bombayensis *, Carter (1882).
14. 8. wltima *, Annandale (1910).

Genus 2. Prc1IsroNGILLA, Annandale (1909).

15. P aurea*, Annandale (1909).
15 a. P, aurea var. subspinosa *, nov.
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Order HALIGHONDRINA.

Siliceous monaxon sponges in which the horny skelston is much
reduced orabsent and the spicular skeleton is more or less definitely
reticulate. The microscleres are usually rod-like and rarely have
more than one main axis,

Family SPONGILLIDA.
SroxarLuana, J. E, Gray, P. Zool. Soc. London, 1867, p. 550.

Freshwater Halichondrina which at certain seasons produce
- gemmules armed with peculiar microscleres. Two distinct kinds
of microsclere are often present, that associated with the gem-
mule ' sometimes consisting of a vertical shaft at the ends of
which transverse disks or rotulw are borne. There is always at
least a trace of a subdermal cavity.

Many authors divide the Spongillides into two subfamilies t—
Spongillinse (or Euspongilline), in which the gemmule-spicules
have no transverse rotulss, and Meyeninas (or Ephydatiine), in
which they have rotules at one or both ends. So gradual, how-
ever, is the transition that I find it dificult to decide in one
instance to which of two genera, typical respectively of the two
“subfamilies,” a species should be assigned.  Minchin in his
account of the Porifera in Lankester’s ¢ Tyeatise on Zoology ”
(1900) regards the Spongillidee merely as a subfamily of the
Heterorrhaphide, and there certainly are few differences of a
definite nature between them and the marine family (or subfamily)

Renierids,

Key to the Indian Genera of Spongillide.

I. Microscleres without transverse disks.
A. Microscleres of < the parenchyma similar
in general structure to those of the
gemmule; the latter without comb-like

vertical rows of spines at the ends ..., ., SPoNGILLA, p. 67
B, Microscleres of the gemmule with comb- [p. 106.
like vertical rows of spines at both ends . | PretisponcriLa,
by
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IL Some or all of the microscleres birotulate,

(Birotulate microscleres of one kind only.)
A, Microscleres of the gemmule birotulate, the

rotules with serrated or strongly sinuous ; ; i
edges; parenchyma spicules usually absent, ‘ ‘ ‘
never of complicated structure .......... EerypATia, p. 108,

B. Microscleres ' of the gemmule as in

Fphydatia ; micvoscleres of the paren-

chyma consisting of numerous shafts

meeting in different planes in ‘a central ‘

gadiile 1l le ol S DR G G Dosrtras, p. 110,
C. Microscleres as in Bphydatin except that the i

rotulee of the gemmule-spicules have b

Boath edges L Jo L TROCHOSPONGILLA,
D. Microscleres of the gemmule without a L
trace of rotules, those of the parenchyma [nov., p. 129,
hirotulaal . o0l i basoril et CoRVOSPONGILLA,
III. Microscleres of the gemmule with a wells '
developed hasal rotule and a vertical shaft ‘
ending above in a mere knob ...l TuBELLA, p. 120.

The most distinet genus of Spongillidee not yet found in India
is Heteromeyenia, Potts. It is easily distinguished from all others
by the fact that the birotulate spicules of the gemmule are of two
quite distinct kinds, which oceur together on every mature
gemmule,  Heleromeyenia is. represented by several American
species, one of which has been found in Europe. Aecaile, J. E.
Gray, which is represented by a single South American species
(Spongilla recurvata, Bowerbank), is related to Heteromeyenia but

has one kind of gemmule-spicule tubelliform, the other birotulate.

Probably Uraguaya, Carter, should be regarded as a subgenus of
T'rochospongilla with an unusually solid skeleton ; it is peculiar to
8. America. Parmula, Carter (=Drulia, Gray) includes South
American forms allied to Zubella, but with the shaft of the gemmule-
spicule degenerate and consisting of a mere projection in the
centre of a shield-like body, which represents the lower rotule,
The status of Potamolepis, Marshall, originally described from the
Lake of Galilee, is very doubtful; possibly some or all of its
species belong to the subgenus of Spongille here called Strato-
spongilla (p. 100) ; but they are stated never to produce gemmules.
The same is the case as regards Pachydictyum, Weltner, which
consists of a single species from Celebes, "

The sponges from Lake Baikal assigned by Weltner (Arch.
Naturg, Ixi (1) p. 131) to the subfamily Lubomirskinm arve of
doubtful position and need not be considered here ; while Lessepsia,
Keller, from one of the salt lakes on the Suez Canal, cerbainly
does not belong to the family, although it is assigned to it by
von Lendenfeld (Mon. Horny Sponges, p. 904 (1889)) and sub-
sequently by Minchin (Porifera, p. 152, in Lankester'’s Treatise
on Zoology, part ii (1900)).

i e
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. SPONGILTA,
Genus 1. SPONGILLA, Lamarck (Carter emend.).

Spoizggga, Lamarck, Histoire des Animaux sans Vertébres, ii, p. 111
‘ gngmc)z,‘aamr, Ann. Nat. Hist. (5) vii, p. 86 (1881).
suspongilla, Vejdovsky, Abh. Bohm. Ges, xii, p. 15 (1883).
Spongilia, Potts, P. Ac. Philad, 1887, p, 182, ‘
Tyen, Spongilla lacustris, auctorum, ' ;
 Spongillida in which the gemwules have (normally) eylindrical
or subcylindrical spicules that are sharp or blunt at the ends,
_without a distinet transverse disk or disks and without comb-like
vertical rows of spines. : ‘
The skeleton is variable in structure, sometimes being almost
amorphous, sometimes having well-defined radiating and transverse
fibres firmly compacted with spongin. The skeleton-spicules are
either sharp or blunt at the ends. Flesh-spicules are often absent;
when present they are needle-like and resemble the gemmule-
-gpicules in general structure; they have not even rudimentary
rotules at their ends. The gemmules either lie free in the sub-
:stance of the sponge or are attached to its support’; sometimes
they adhere together in free or attached groups. ‘
Spongilla is undoubtedly the most primitive genus of the
Spongillide, its spicules showing less sign of specialization than
those of any other genus included in the family, As .a fossil it
goes back at any rate to the Upper Jurassic (p. 52).
GrogrAPHIOAL DistRIBUTiON. — Cosmopolitan.  In  most
-countries the majority of the freshwater sponges belong to this
genus, but in Japan &phydatia seems to predominate. e

Key to the Indian Species of Spongilla.

I. Gemmule provided with a thick, ap-
parently granular pneumatic coat in
which the gemmule-gpicules are ar-
ranged tangentially or vertically. (Sub~
genus Fuspongilla, p. 69.)
o A. No foraminal tubule.
a, Sponge bright green, soft and com-~
gressible when fresh, very fragile
Py e lacustris, p, 69,
a'. Sponge white or grey, hard hoth
wesh and deyi oD .. alba, p. 76,
B. A foraminal tubule present. ‘ '
b. Skeleton-spicules smooth, .
B. Gemmules free; gemmule- spi-
cules arranged tangentially and
Bomgontally o o e proliferens, p. 72,
2
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B'. Gemmules free; gemmule-spi-
cules  arranged vertically or
nearly so in a single series , ...

B!, Gemmules firmly fixed to the
support of tho sponge ; gemmule-
spicules almost vertical, iregu-
larly arranged, as a rule in more
than one series ..., ... ‘

', Bleleton-spicules spiny or i!.*x:eg:l.lllimr |

in outline. ‘
B'"'. Gemmule spicules tangential and

horizontal, without rudimen~

tary yotules . Lol

g, Gemmule-spicules vertical o
nearly so, often with rudimen-

tary votules at the tips . .....

1L, Gemmules surrounded in several layers
by distinct polygonal air-spaces with
chitinous walls.  (Subgenus Funapius,

P. 86.) |

A. Gemmules single.  Skeleton- = and
gemmule-spicules  smooth, pointed,
not very stalt. Lo don i ien

B. Gemmules bound together in pairs,
Skeleton friable ; skeleton-spicules
slerider |y L0 ) Sl Ll v

C. Gemmules bound together in free
groups of more than two or forming
a “pavement-layer” at the hase of
the sponge,

¢. Skeleton friable ; skeleton-spicules
slenden: oL Ch A it AU G

¢'. Skeleton very hard and vesistant;
skeleton-spicules stout . ., .......

I Gemmules without or with irregulur
pneumatic coat, covered by a chitinons
membrane or membranes in which the
gemmule-spicules lie parallel to the
surface.  (Subgenus  Stratospongilla,

. 100,)

A. I:Skeleton spicules spiny or irregular in
ontline.

. Skeleton-spicules blunt; gemmules
covered by a single echitinous
membrane, .. ) Al

', Skeleton-spicules sharp ; gemmules
covered by two chitinous mem-
BEanes. L L e e

B. Skeleton-gpicuies smooth,
Skeleton-spicules sharp: gemmule

spicules very irregular in form .,

/ }zemepkydaﬁa, p. 82, »
travar‘wam’éd, p. 81.
cinerea, p 79;’

crateriforms, p. 88.

carteri, p, 87.

gemina, nov.,, p. 97.

Fragilis, p. 95,

erassissima, p. 98.

andica, p. 100,

¥

bombayensis, p. 102.

ultima, p. 104,
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 Subgenus A, EUSPONGILLA, Vejdovshy.

. Buspongitla, Vejdovsky, Abh. Bohm. Gles, xii, p. 15 (1888).
Eziapo;agi!la,?z‘d., in Potts’s “ Fresh-Water Sponges,” P, Ac. Philad.
887, p. 172, : i . ‘ /
Eu,spon,yz'lla,‘ ‘Weltner, in Zacharias's Tier- und Pfanzenwelt des
. Siisswassers, i, p. 210 (1891). : i

Tyen, Spongilla lacusiris, auctorum.

Spongille in which the gemmules are covered with a thick,
apparently granular pneumatic coat. A delicate membrane often
oceurs outside this coat, but it is never thick or horny. The
gemmules usually lie free in the sponge but sometimes adhere to
its support ; rarely they are fastened together in groups (e.g. in
8. aspinosa, Potts). The skeleton-spicules ave never very stout
and the skeleton is always delicate. :

The species in this subgenus are closely allied and must be dis-
tinguished rather by the sum of their peculiarities than by any one
 character. They occur in all countries in which Spongillide are
found. Seven Indian species may be recognized.

1. Spongilla lacustris, auctorum,

Spongilla lacustris, Bowerbank, P. Zool. Soc. London, 1868, p 441,
Pl xxxviii, fig, 14. j

Spongilla lacustris, Carter, Ann. Nat, Hist. (5) vii, p. 87 (1881).

Luspongilla lacustris, Vejdovsky, in Potts’s *“ Fresh-Water Sponges,”
P. Ac. Philad. 1887, p. 172.

Spongrlla lacustris, Potts, ibid., p. 186, pl. v, fig. 1, plL vii, figs. 1-6,

Linspongilla lacustris, Weltner, in Zacharias’s Tier- und Pflanzenwelt
des Siisswassers, i, p. 211, figs. 86-88 (1891).

Spongille lacustris, id., Arch, Naturg. Ixi (i), pp. 118, 133-185
(1895), ;

Spongilla lacustris, Annandale, J. Linn. Soc., Zool,, XXX, p. 246
(1908). :

[1 have not attempted to give a detailed synonymy of this common
species. There is no means of telling whether many of the earlier names
given to forms or allies of 8. lacustris are actual synonyms, and it would
serwe no useful purpose, so far as the fauna of India is concerned,
to complicate matters by referring to obscure descriptions or possible
deseriptions of a species only reﬁresented in India, so far as we know, by
a specialized local race, to which separate references are given.]

Sponge soft and easily compressed, very brittle when dry, usually
consisting of a flat or rounded basal portion of no great depth
and of long free eylindrical branches, which droop when removed
from the water; branches occasionally absent. Colour bright
green when the sponge is growing in ‘a strong light, dirty flesh-
<olour when it is growing in the shade. (Even in the latfer case
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traces of the “green corpuscles” can be detected in the cells of
the parenchyma.) Oscula star-shaped, of moderate size, as a rule
rendered conspicuous by the furrows that radiate from them over
the outer surface of the parenchyma below the external membrane &
oscular collars well developed. ‘ o :

Shkeleton reticulate, leose, with definite radiating and transverse
fibres held together by a small quantity of spongin; the fibres
slender but not extremely so. i ‘ . i

Spicules. Skeleton-spicules smooth, sharply pointed, long,
slender,  Flesh-spicules slender, covered with small spines,
sharply pointed, nearly straight. Gemmule-spicules resembling
the flesh-spicules but shorter and as a rule more strongly curved,
sometimes bent so as to form semicireular figures, usuafly pointed
somewhat abruptly ; their spines relatively longer than those of
the flesh-spicules, often curved backwards, especially near the
ends of the spicules, at which points they are often longer than
elsewhere, |
- Gemmules usually numerous in autumn, lying free in the sponge,
spherieal, variable in size but usually rather large, as a rule covered
with a thick granular coat in which the spicules are arranged
tangentially ; a horizontal layer of spicules often present in the
external membrane ; the granular coat and its spicules oceasionally
deficient. No foraminal tubule; its place sometimes taken by
an open, bowl-shaped chitinous structure the base of which is in
continuity with the inner chitinots coat of the gemmule.

8. lacustris is an extremely variable species, varying in the size,
proportions and shape of its spicules, in its external form and in
the size and structure of the gemmule. A considerable number
of varieties have been described from different parts of Europe
and N. America, but some of these may represent distinet but
closely-allied species ; deseriptions of most of them will be found in
Potts’s * Fresh-Water Sponges.” The embryology and the earlier
stages of the development from the egg have been described in
great detail by Evans (Quart. J. Mier. Sci. (n. s.) xlii, p. 863
(1899)), while the anatomy and physiology are discussed by most
authors who have written on these features in the Spongillidee.

Typn.—1It is impossible to say who was the first authority to
use the name Spongilla lacustris in the sense in which it is nsed by
recent auttors.  No type can therefore be recognzied. :

GrourarEIoAr, DistrisumioN.—8. lacustris occurs all ever
Europe and N, America and is probably the commonest species in
most parts of hoth continents. It has also been found in Northern
j;s}a gpd may oceur in the Himalayan lakes and in the north-west
of India.
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1 a. Bubspecies reticulata®, dnnandale.
ongilla reticulata Annandale, Rec. Ind. Musx . 887, pl. xiv.
Spﬁg.l(lg()?). p Gl
Spongilla lacustris subspecies reticulata, id., P. 11,8, Mus. xxxvii,
p. 401 (1909). : j
This race differs from the typical S. lacustris in the following
particulars i— Ly
(1) The branches are always compressed and anastomose
. freely when well developed (fig. 8, p. 87);
(2) the skeleton-fibres are finer ; ‘
(8) the skeleton-spicules are longer ; ‘
(4) the gemmule-spicules are longer and more slender and are
never strongly bent. :

Asg regards the form of the skeleton- and gemmule-spicules and
also that of the branches the subspecies reticulata vesembles
8. alba rather than S, lacusiris, but owing to the fact that it

A, B.
, Tig. 8.

hA.-—.gemmule-spicules of Spongilla lacusiris subsp. reticulala (from type) ;
B=gemmule-spicules of 5. alba from Calentta: both highly magnified.

agrees with 8. lacustris in its profuse production of branches, in
possessing green corpuscles and in its fragility, I think it should
be associated with that species.

The branches are sometimes broad (fig. 5, p. 87), sometimes
very slender. In the latter condition they resemble blades of grass
growing in the water. » ‘

Tyrn in the Indian Museum ; a co-type in the British Museum,

"
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GimograPmIoAr, DistrisurioN.—All over Eastern India and
Burma; also in the Bombay Presidency. Localities :—BENGAL,
Port Canning, Ganges delta; Rajshahi (Rampur Bhulia) on the
Ganges, 1560 miles N, of Caleutta (Annandale); Puri distriet,
Orissa (Annandale) ; R. Jhavay, Siripur, Saran district, Tichut (M.
Mackenzie): Mavgas Presiomyoy, Madras (town) (/. B. Hender-
son) : BousAay Prustvexcy, Igatpuri, W, Ghats (Annandale).

Broroay.—This subspecies is usually found in small masses
of water, especially in pools of rain-water, but Mr. Mackenzie
found it growing luxuriantly in the Jharai at a time of flood in
September. It is very abundant in small pools among the sand-
dunes that skirt the greater part of the east coast of India. Here
it grows with great rapidity during the “* rains,” and often becomes
desiccated even more rapidly as soon as the rain ceases, As early
in the autumn as October I have seen masses of the sponge
attached, perfectly dry, to grass growing in the sand near the
Sur Lake in Orissa. They were, of course, dead but preserved a
life-like appearance. Some of them measured about six inches
in diameter. At Port Canning the sponge grows during the rains
on the brickwork of bridges over ditches of brackish water that
dry up at the beginning of winter, while at Rajshahi and at
Igatpuri 1 found it at the edges of small ponds, at the latter place
in November, at the former in February. Specimens taken at
Madras by Dr. Henderson during the rains in small ponds in
the sand contained no gemmules, but these structures are very
numerous in sponges examined in autumn or winter.

Numerous larve of Sisyra indica (p. 92) were found in this
sponge at Rajshahi. Unlike those obtained from 8. alba, they
had a green colour owing to the green matter sucked from the
sponge‘in their stomachs. The coralloides phase of Plumatells
fruticosa (p. 219) was also found in 8. lacustris subsp. reticulata at
Rajshahi.

So far as my experience goes, this subspecies has always a bright
green colour due to the presence of ‘green corpuscles,” even
when it is growing in a pond heavily shaded by trees or under the
arch of a small bridge. Probably the more intense light of India
enables the corpuscles to flourish in situations in which in Europe
they would lose their chlorophyll.

0

2. Spongilla proliferens *, Annandale,

Spongilla cinerea, Weber (nec Carter), Zool. Ergeb. Niederl. Ost-
Ind. vol, i,Zp . 36,46 (1890). ;
Spgngi}lla pro i}:*rens, Annandale, J, Asiat. Soc. Bengal, 1907, p. 15,
g 1. ‘ ‘
Spongilla proliferens, id., Ree. Ind, Mus. i, pp. 267, 271 (1907).

Sponge forming soft, shallow cushions rarely more than 10 em,
in diameter on the leaves of water-plants, or small irregular
masses on their roots and stems, Colour bright green. Oscula
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moderate, flat, surrounded by deep, cone-shaped collars 3 radiating
farrows and canals in the parenchyma surrounding them often
deep. External pores contained normally in single cells;. The
surtace frequently covered by small rounded buds; true branches
if present more or less flattened or conical, always short, as a rule
absent. 5

. Bleeleton loose, feebly reticulate at the base of the sponge; trans-
verse fibres slender in the upper part of the sponge, often scarcely
recognizable at its base. Very little spongin present.

. Spicules. Skeleton-spicules long, smooth, sharply pointed; the
length on an average at least 20 times the greatest breadth, often
more. . Flesh-spicules slender, gradually pointed, nearly straight,
‘covered with minute straight or nearly straight spines. Gtemmule-
spicules very similar, but usually a little stouter and often blunt
at the ends; their spines rather longer than those on the flesh-
spicules, usually more numerous near the ends than in the middle
of the spicule, slightly retroverted, those at the extreme tips often
8o arranged as to suggest a rudimentary rotule,

Fig. 9.—CGemmule of Spongilla prolifersns as seen in optical section (from
Caleutta), X 140,

Gemmnules usually numerous, lying free near the base of the
sponge, very variable in size, spherical, surrounded by a thick
granular layer in which the spicules, which are always very
numerous, are arranged tangentially, their position being more
near the vertical than the horizontal; a few horizontal spicules
usually present on the external surface of the gemmule, which
frequently has a ragged appearance owing to some of the tangential
spicules protruding further than others. Foruminal tubule stout,
cylindrical, usually somewhat contorted; its orifice irregular in
outline, Sometimes more than one foramen present.
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8. proliferens can be distinguished from all forms of 8. lacustris
and 8. alba by the fact that its gemmules possess a foraminal
tubule ; from S, cinerers it can be distinguished by its colour and,
its smooth skeleton~-spicules, and from & travancorica by its free
gemmules, 1 have been enabled by the kindness of Prof. Max
Weber to examine specimens from Celebes and Java identified by
him a8 8. einerea, Carter, and have no doubt that they belong to
my species. s W e s

Tyee in the Indian Museum; & co-type in the British
Museum, ‘ ‘ o ‘ W

GroerararcAt DisrrisurioN,.—All over Bastern India and
Burma ; also in Cochin on the west coast; Ueylon; W. China;
Java, Flores and Celebes.  Localities :—Buneax, Caleutta and
neighbourhood (Annandale); Berhampore, Murshidabad district
(8. B. Lloyd): Assam, Mangal-dai pear the Bhutan frontier
(8. W. Kemp): MaprAs PrusipENcy, Madras (town) and neigh-
bourhood (J. K. Henderson); Rambha, Ganjam district (Annan-
dale) 5  Bangalore, Mysore (alt. ca. 8000 ft.) (Annandale);
Brnakulam and Trichur, Cochin (6. Mathai): Bunrya, Rangoon
(Annandale, J. Coggin. Brown); Prome, Upper Burma (7. Coggin
Brown); Kawkareik, Amherst district, Tenasserim (Annandale):
Cryron, between Maradankawels and Galapita-Gala, North
Central Province (Willey). Mr. J. Coggin Brown has recently
brought back specimens from Yunpan.

Bronoey.—=8. proliferens is usually found in ponds which never
dry up ; Prof. Max Weber found it in small streams in Malaysia.
It is common in India on the leaves of Vallisneria and Limnan-
themum, on the roots of Pistia stratiotes and on the stems of rushes
and grass. So faras I have been able to discover, the life of the
individdal sponge is short, only lasting a few weeks. ol

Sexual reproduction occurs seldom or never, but reproduction
by means of buds and gemmules continnes throughout the year.
The former is a rare method of reproduction in most Spongillidm
but in this species occurs normally and constantly, the buds being
often very numerons on the external surface. They arise a short
distance below the surface as thickenings in the strands of cells
that accompany the radiating fibres of the skeleton. As they
grow they push their way up the fibres, forcing the external
membrane outwards, The membrane contracts gradually round
their bases, cuts off communication between them and the parent
sponge and finally sets them adrift. No hole remains when this
takes place, for the membrane closes up both round the base of
the bud and over the aperture whence it has emerged. ‘ .

The newly liberated bud already possesses numerous minute
pores, but as yet no osculum; its shape exhibits eonsiderable
variabion, but the end that was farthest from the parent-sponge
before liberation is always more or less rounded, while the other .
end is flat. The size also varies considerably, Some of the buds
float, others sink. Those that float do so either owing to their
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shape, which depends on the degree of development they have
reached before liberation, or to the fact that a bubble of gas is
produced in their interior.  The latter phenomenon only occurs
when the sun is shining on the sgponge at the moment they are
set free, and is due to the action of the chlorophyll of the green
bodies so abundant in certain of the parenchyma cells of this
species.  If the liberation of the bud is delayed rather longer than
usual, numbers of flesh-spicules are produced towards the ends of
the primary skeleton-fibres and spread out in one plane so as to
have a fan-like outline; in such buds the form is more flattened
and the distal end less rounded than in others, and the superficial
aren is relatively great, so that they float more readily. Those
. buds that sink usually fall in such a way that their proximal,
flattened end comes in contact with the bottom or some suspended
object, to which it adheres. Sometimes, however, owing to
irregularity of outline in the distal end, the proximal end is
uppermost. In this ease it is the distal end that adheres.  Which-
ever end is uppermost, it is in the uppermost end, or as it may
now be called, the upper surface, that the osculum is formed.
Water is drawn into the young sponge through the pores and,
finding no ontlet, accumulates under the external membrane, the
subdermal cavity being at this stage even larger than it is in the
adult sponge. Immediately after adhesion the young sponge
flattens itself out. This process apparently presses together the
water in the subdermal cavity and causes a large part of it to
accumulate at one point, which is nsually situated near the centre
of the upper surface. A transparent conical projection formed of
the external membrane arises at this point, and at the tip of the
cone a white spot appears.  'What is the exact cause of this spob
I have not yet been able to ascertain, but it marks the point at
which the imprisoned water breaks through the expanded mem-
brane, thus forming the first osculum. Before the aperture is
formed, it is alveady possible to distinguish on the surface of the
patenchyma numerous channels radiating from the point at which
the osculum will be formed to the periphery of the young sponge.
These channels as a rule persist in the adult organism and result
from the fact that the inhalent apertures are situated at the
periphery, being absent from both the proximal and the distal ends
of the bud. In the case of floating buds the course of develop-
ment is the same, except that the osculum, as in the case of
development from the gemmule in other species (see Zykoff, Biol.
Jentrbl. xii, p. 718, 1892), is usually formed before adhesion takes
lace. ' ; '
The sponge of 8. proliferens is usually too small to afford
shelter to other animals, and 1 have not found in it any of those
commonly associated with S. carters and 8. alba.

Owing to its small size 8. proliferens is more easily kept
alive in an aquarium than most species, and its production
of buds can be studied in captivity. In captivity a curious
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phenomenon is manifested, viz. the production of extra oscula,

often in large numbers. = This is due Gither to a feebleness in the

currents of the sponge which makes it difficult to get rid of waste
substances or to the fact that the canals get blocked, e
effluent water collects in patches under the external membrane
instead of making its .way out of the existing oseula, and new
osoula are formed over these patches in much the same way as the
tirst osculum is formed in the bud. i o

3. Spongilla alba *, Carter. ‘
Spongilla alba, Oarter, J. Bombay Asiat, See. iii, p. 32, pl, i, fig. 4
& Ann, Nat, Hist. (9) iv, p. 89, pl. iid, fig. 4 1849) . | =
Spongille alba, Bowerbank, P. Zool. Soc. London, 1868, p, 463
pl. xxxviii, fig. 15, e : ;
Spongalla alba, Carter, Ann. Nat. Hist. (5) vii, p. 88 ( 1881), :
Spongilla alba, Petr, Rozp, Ceske Ak, Praze, Trida, i1, pl. 1, figs. 3-8
(1899) (text in Czech).
Spongilla alba, Annandale, Ree. Ind. Mus, i, p. 388, pl. iy, fig. 2
1907 L i

Sponge forming masses of considerable area, but never of more
than moderate depth or thickness. Surface smooth and undulating
or with irregular or conical projections; sponge hard but brittle ;
colour white or whitish; oseula of moderate or large size, never
very conspicuous; radiating furrows absent or very short ; external
membrane adhering to the substance of the gponge, :

ASkeleton forming a moderately dense network of slender radic
ating and trausverse fibres feebly held together; little spongin
present ; the meshes much smaller than in 8. lacustris or 8. pro-
lifevens.,, :

Spicules. Skeleton-spicules smooth, sharply pointed, slender,
feebly curved. Gemmule-spicules (fig. 8, p. 71) slender, eylin-
drical, blunt or abruptly pointed at the ends, feebly curved, bearing
relatively long backwardly directed spines, which are usually more
numerous at the ends than near the middle of the shaft. Flesh-
spicules very numerous in the parenchyma and especially the
external membrane, as a rule considerably more. slender and more
sharply pointed than the gemmule-spicules, covered with straight
s}pines dwhich are often longer at the middle of the shaft than at
the ends. ‘

Gemmules usually of large size, with a moderately thick granulir
layer; spicules never very numerous, often lying horizontally on
the external surface of the gemmule as well as tangentially in the
granular layer; no foraminal tubule; a foraminal eup sometimes
present. :

3 a. Var. cerebellata, Bowerbank,

Spongilla cerebellata, Bowerbank, P, Zool. Soc. London, 1863, p. 465,
pl: xxxviii, fig, 16. ‘ v

Spoin//é?lla alba var, cerebellata, Carter, Ann, Nat. Hist. (5) vii, p. 88
(1881),
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é}amﬁlla cerebellata, Weltner, Arch. Nuturg, Ixi (i), 7}1 117 (1895).
pongilly cerebellata, Kirkpatrick, Aun, Nat. Hist, (7) xx, p. 523
(1907). ,

This variety is distinguished from the typical form by the total
absence of flesh-spicules. The gemmule-spicules are also more
numerous and cross one another more regularly.

30, Var. bengalensis ¥, Annandale, (Plate T, figs. 1-8,)

Spongille  lacustris var, ‘benegalemis, Anpnandale, J, Asiat. Soc.
Bengal, 1906, p. 66, ; i ‘ ‘
Spongilla alba var, marina, id., Rec. Ind. Mus, i, p, 389 (1907),

The sponge is either devoid of branches or produces irregular,
compressed, and often digitate processes, sometimes of consider-
able length and delicacy. Tlesh-spicules are usually present
throughout the sponge, but are sometimes absent from one part
of a specimen and present in others. Some of the gemmules are
often much smaller than the others. Perhaps this form should be
regarded as a phase rather than a true variety (see p. 18).

All forms of 8. albe can be distinguished from all forms of
. lacusiris by the much closer network of the skeleton and by the
consequent hardness of the sponge; also by the complete sbsence
of green corpuscles.

Tyews. The types of the species and of the var. eerebellata are
in the British Museum, with fragments of the former in the
Indian Museun ; that of var. bengalensis is in the Indian Museum,
with a co-type in London. '

GroerAPHIOAL DistRiBUTION.—India and Egypt.  Localities 1—
Bomsay Prusipescy, island of Bombay (Carier); Teatpuri, W
Gthats (Annandale): Bexean, Caleutta: Port Canning, Ganges
delta (var. bengalensis) (Annandale) ; Graria, Salt Lakes, nr, Caleutta
(var. bengalensis) (B. L. Chaudhuri); Chilka Lake, Orissa (var.
bengalensis (Gopal Chunder Chatterjee) : MApRAS PrrsipuNoy,
Rambha, Ganjam district (Annandale): Nizam's TeRRITORY,
Aurangabad (Bowerbank, var, cerebellata).  The wvar. cercbellata has
‘also been taken noar Cairo.

Broroay.—The typical form of the species is usually found
growing on rocks or bricks at the edges of ponds, while the
variety bengalensis abounds on grass-roots in pools and swamps of
bmackish water in the Ganges delta and has been found on mussel.
shells (Modiola jenkinsi, Preston) in practically salt water in the
Chilkn Lake. Carter procured the typical form at Bombay on
stones which were only covered for six mionths in the year,
and “temporarily on floating objects.”” In Caleutta this form
flourishes in the cold weather on artificial stonework in the
#tanks " together with S. carteri, 8. fragilis, Ephydatia meyeni,
and Trochospongilla latouchiana.

The variety bengalensis is best known to me as it oceurs in
certain ponds of brackish water at Port Canning on the Mutlah
River, which connects the Salt Lakes near Caleutta with the sea,
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It appears in these ponds in great luxuriance every year at the
beginning of the cold weather and often coats the whole edge for
a space of several hundred feet, growing in irvegular magsses
which are more or less fused together on the roots and stems of a
species of grass that flourishes in such sitnations. .« Apparently
the tendency for the sponges to form branches is much more
marked in some yearscthan in others (see PL I, figs. 1-3). The
gemmules germinate towards the end of the ¢ rains,” and large
masses of sponge are not formed much before December. At
this season, however, the level of the water in the ponds sinks
considerably and many of the sponges become dry. If high winds
oceur, the dry sponges are broken up and often carried for con-
siderable distances over the flat surrounding country, In January
the gemmules floating on the surface of the ponds form a regular
seum. S, alba var. bengalensis s the only sponge that oceurs in
these ponds at Port Canning, but S, lacustris, subsp. reticulata,
is occasionally found with it on brickwork in the ditches that
drain off the water from the neighbouring fields into the Mutlah
estuary. The latter sponge, however, perishes as these ditches
dry up, at an earlier period than that at which S. alba reaches its
maximum development. ‘ il
 The larvee of Sisyra indica are commonly found in the oscula of
the typical form of 8. alba as well as in those of 3. lacustris subsp.
reticulata, and S. carteri; but the compact structuve of the sponge
renders it a less suitable residence for other inecole than 8. carteri,
In the variety bengalensis, as it grows in the ponds at Porf

~Canning, a large number of arthropods, molluses and other

small animals take shelter. Apart from protozoa and rotifers,
which have as yeb been little studied, the following are some of
the mope abundant inhabitants of the sponge :-——The sea-anemone,
Sagartia schilleviana subsp. exul (see p. 140), which frequently
occurs in very large numbers in the broader canals; the free-
living nematode, Oncholaimus indicus®, which makes its way in
and out of the oscula; molluscs belonging to several species of
the genus Corbula, which-eonceal themselves in the canals but
are sometimes engulfed in the growing sponge and so perish;
young individuals of the crab Veruna ltterata, which hide among
the branches and ramifications of the larger sponges together with
several small species of prawns and the schizopod Macropsis
orientalis T ; the pecular amphipod Quadiivisio bengalensis T, only
known from the ponds at Port Canning, which breeds in lifttle
communities inside the sponges; a small isopod §, allied to

% (. yon Linstow, Rec. Ind. Mus. i, p. 45 (1907).

+ W. M. Tattersall, ibid., ii, p. 236 (1908). ;

10'81‘. R. R. Btebbing, #bid., i, p. 160 (1907); and N. Anvandale, ibid., ii, p. 107
1908). ; o
) § Mr, 8tebbing has been kind enough to examine specimens of this isopod,
which he will shortly describe in the Records of the Indian Museum, & wal-
Jeerd, its nearest ally, was originally described from the Gulf of Manaar, where
it was taken in a tow-net gathering (see Stebbing in Hlerdman's Report-on the
‘Ceylon Pearl Fisheries, pt. iv, p. 31 (1905)).
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Spheroma walkeri, Stebbing ; the larva of a may-fly, and those of
atb least two midges (Chironowidem). | ‘ ;

' The peculiarly mixed nature (marine and lacustrine) of the fauna,
associated with S. albe in the ponds at Port Canning is well
illustrated by this list, and it only remains to be stated that little -
fish (Gobius aloocki, Barbus stigma, Haplochilus melanostigma,
H. panchaw, ete.) are very common and feed readily on injured
sponges. They are apparently unable to atback a sponge so long
as its external membrane is intact, but if this membrane is broken,
they swarm round the sponge and devour the parenchyma greedily.
In fresh water one of these fishes (Gobius alcookit, see p, 94) lays
its eggs in sponges. A

The chief enemy of the sponges at Port Canning is, however,
not an animal but a plant, viz.,, a green filamentous alga which.
grows inside the sponge, penetrating its substance, blocking up its
ceanals and so causing it to die. Similar alge have been deseribed
as beiug beneficial to the sponges in which they grow T, but my
experience is that they are deadly enemies, for the growth of such
alge is one of the difficulties which must be fought in keeping
sponges alive in an aquarium. The alga that grows in 8. alba
often gives it a dark green colour, which is, however, quite
different. from the bright green caused by the presence of green
corpuscles,  The colour of healthy specimens of the variety
bengalensis is a vather dark grey, which appears to be due to
minute inorganic particles taken into the cells of the parenchyma
from the exceedingly muddy water in which this sponge usually
grows. If the sponge is found in clean water, to whichever
variety of the species ib belongs, it is nearly white with a slight
yellowish tinge. Even when the typical form is growing in close
proximity to 8. proliferens, as is otten the case, no trace of green
corpuseles 1s found in its cells. '

4, Spongilla cinerea *, Carter.

Spongilla cinerea, Carter, J. Bombay Soc. iii, p. 30, pl. i, fig. b, &
Ann. Nat. Hist. (2) iv, p. 82, pl. iii, fig. & (1849).
Spongilla cinerea, Bowerbank, P. Zool. Boe. London, 1863, p. 468,
pl. xxxvili, fig, 19. |
Spongilla cinerea, Carter, Ann. Nat. Hist. (5) vii, p. 268 (1881),
Sponge forming large, flat sheets, never more than a few milli-
maetres 1n thickness, without a trace of branches, compact but very
friable, of a dark greyish colour ; oscula small and inconspicuous
.or moderately large, never prominent; membrane adhering closely
1o the sponge. - ;
Skeleton with well-defined but slender radiating fibres, which
contain very little spongin; transverse fibres close together but
.consisting for the most part of one or two spicules only.-

+ See M. and A, Weber in M. Weber’s Zool, Ergeb. Niederl, Ost-Ind. vol, i,
. 48, pl. v (1890).
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Sproules. Skaleton-SPi«:ules short, slender, sharply ;»p_f_)‘int‘ed;‘fmi;” i
nutely serrated or irregular in outline, almost straight. Gemmule-
spictiles very small, rather stout, ¢ylindrical, pointed, covered

with relatively long and stout spines which are either straight or
directed towards the ends of the spicule. Flesh-spicules fairly

numerous in the external membrane but by no means abundant in !
the parenchyma, very slender, gradually pointed, ¢overed uniformly

with minute but distinct spines. ; ‘ s

Gemmules very small, only visible to the naked eye as minute
specks, as a rule numerous, free in the substance of the sponge,
each provided with a slender foraminal tubule and covered with a
thick granular coat in which the gemmule-spicules are arranged
almost horizontally; a horizontal layer of spicules also present on the
external surface of the gemmule; gemmule-spicules very numerous.

This sponge is easily distinguished from its Indian allies
by the form of its skeleton-spicules, which are, as Bowerbank
expresses it,  subspined ”; that it to say, under a high power of

Fig. 10.—Gemmules and fragment of the skeleton of Spongilla cinerea (from
type specimen), x 85. !

the microscope their outline appears to be very minutely serrated,
although under a low power they seem to be quite smooth. The
spicules also are smaller than those of S. alba, the only species
with which 8. cinerea is likely to be confused, and the gemmule
has a well-developed foraminal tubule; the skeléton is much closer
than in 8. proliferens. ; o i

Tyex in the British Museum ; a piece in the Indian Museum,

GroeraPIOAL DISTRIBUTION.—. cinerea i8 only known from
the Bombay Presidency. Carter obtained the original specimens.
at Bombay and the only ones I have found were collected at N asik,.
which is situated on the eastern slopes of the Western Gthats,,
about 90 miles to the north-east, i

Brorooy.—Carter’s specimens were growing on gravel, rocks.

and stones at the edge of “tanks,” and were seldom covered for
more than six months in the year. Mine were on the sides of a
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stone conduit built to facilitate bathing by conveying a part of the

~water of the Godaveri River under a bridge. They were accom-

. panied by Spongilla indica and Corvospongilla lapidosa (the only
other sponges I have found in running water in India) and in the

~ month of November appeared to be in active growth, ‘

9. Spongilla travancorica *, dnnandale. * o :
Spongilla travancorica, Annandale, Ree, Ind. Mus, ii, p. 101, pl. xii
pi‘;?l (1909). ’ i) i h P 1 P )
... Sponge small, encrusting, without branches, bard but brittle ;
its structure somewhat loose ; colour dirty white, Dermal mem-
brane in close contact with the skeleton ; pores and oscula incon-
spicuous. Surface minutely hispid, smooth and rounded as & whole.
Sleleton, consisting of moderately stout and coherent radiating
fibres and well-defined transverse ones; a number of horizontal
megascleres present at the base and surface, but not arranged in

any definite order. No basal membrane, > :

B.

Fig. 11.—Microscleres of Spongilla travancorica. i
A =Gemmule-spicules; B=flesh-spicules (from type specimen), X 240,

Spiculss, Skeleton-spicules smooth, pointed at either end,
moderately stout, straight or curved, sometimes angularly bent ;
curvature usually slight. = Free microscleres abundant in the
dermal membrane, slender, nearly straight, gradually and sharply
pointed, profusely ornamented with short straight spines, which
are much more numerous and longer at the middle than near the
ends. Gemmule-spicules stoater and rather longer, eylindrical,
terminating at each end in a sharp spine, ornamented with shorter

~ spines, which are more numerous and longer at the ends than at
the middle ; at the ends they are sometimes directed backwards.
without, however, being curved. ;

Gemmules firmly adherent to the support of the sponge, at the
base of which they form a layer one gemmule thick ; -aach provided
with at least one fornminal tubule, which is straight and conical :
two tubules, one af the top and one at one side, usually Present.
Granular layer well developed. Spicules arranged irregularly in
this layer, as a rule being more nearly vertical than horizontal but.
pointing in all directions, not confined externally by a membrane ;

- no external layer of hovizontal spicules. il
i M G
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Length of skeIetomspmulea L | ‘, Hil
| Greatest diameter of skeleton-spaculeﬁ Wl
. Length of free microscleres. .. .........

Greatest diameter of free mmosderes i
Length of gemmule-spicules ... ... A,
Dlameter of gemmule-spicule . ... celb i
i e i L b e ‘0 272-0 374
- This species is easily distinguished from 11:5 alhes of fhe sub~ :
genus Euspongilla by its adherent gemmules with fhelr (usunlly)
multiple apertures and rough external surface. st
Tyrp in the collection of the Indian Muaeum b
Hasrrar. Backwater near Shasthancottah, Travancora, in
slightly brackish water; on the roots of ahmbs growmg a.t the

edge; November, 1908 (Annandale)
The gpecimens were dead when found.

6. Spongilla hemephydatia *, Annandak.

Spongilly  hemephydatie, Anuandale, Rec. Ind, Mus. iii, p. 216
(1909). !

%240,

‘ %240, ‘
Fig, 12.—Gemmule and spicules of Spongilla hemephydatm
(from type specimen).

Sponge soft, fragile, amorphous, of a dirty yellow colour,
with large osculu, which are not consplcuously raised above th& i
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surface but open into very wide horizontal channels in the sub-

stance of the sponge. The oscalar collars are fairly well developed, .

but the subepidermal space is not extensive.

Skeleton diffuse, consisting of very fine radiating fibres, which
are crossed at wide and irregular intervals by still finer transverse
ones;, very little chitinoid substance present. - el

 Spicules, Skeleton-spicules smooth, slender, sharply poin,t‘ed? ak
both ends, nearly straight. No true flesh-spicules. Gemmule-

spicules straight or mearly so, eylindrical, or constricted in the
middle, obscurely pointed or blunt, clothed with short, sharp,

straight spines, which are very numerous but not wmarkedly

longer at the two ends ; these spicules frequently found free in

the parenchyma. R
Gremmules numerous, small, free, spherical, yellow, with a well-

developed granular coat (in which the spicules are artanged almost

horizontally) and external to it a fine membrane which in pre-

served specimens becomes puckered owing to unequal contraction ;

each gemmule with a single aperture provided with a straight,
rather wide, but very delicate foraminal tubule.

Measurements of Spicules and Gemmaules.

Length of skeleton-spicule .......0.... 0-313 mm.
Breadth of skeleton-spicule ............ 0012 .,
Length of gemmule-spicule ............ 0:062
Breadth of gemmule-spicule  .......... 0004 nii)

« Diameter of gemmule .. .... L 0-818-0:365 mm.

This sponge in its general structure bears a very close re-
semblance to Spongilla crateriformis. °

Txpe in the collection of the Indian Museum.

Haprrar. Growing on weeds at the edge of the Sur Lake,
Orissa, October 1908. Only one specimen was taken, together
with many examples of 8. lacustris subsp, reticulata, 8. carteri and
8. erassissima. ‘

7. Spongilla crateriformis™ (Potis).

- Meyema crateriforma, Potts, P, Ac. Philad. 1882, p 12,
Meyenia crateriyformis, id., 'bid. 1887, p, 228, pl. v, fig. 6, pl. x,
figi 0, ‘

'D?Epkydtttict crateriformes, Hanitsch, Nature, 1i, p. 511 (1895).

Bphydatia crateriformis, Weltner, Arch. Nature, Ixi (i), pp. 122,

134 (1895). ‘
? Ephydatia crateriformis, Hanitsch, Trish Natural. iv, p. 125, pl. iv,
fig. 5 (1895). ‘
Ephydatia indica, Annandale, J. Asiat. Soc. Bengal, 1907, p. 20
(figures poor). ;
Epky%atz’a indiea, id., Rec. Ind. Mus, i, pp. 272, 279, 388, 391
(1907).
Ephydatia crateriformis, Scharff, Eurolgean Animals, p. 84 (1907)..
Lphydatia crateriformis, Annandale, P, U.8, Mus. xxxvii, p. 402,
fig, 1 (1909).
G2
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Sponge very fragile, forming soft irregular masses on the roots
and stems of water-plants, bebween which it is sometimes stretched

as o delicate film, or thin layers or cushions on flat surfaces, Oscula :

large, flat, circular, or of irregular shape, opening into broad
horizontal canals, which at their distal end are superficial and
often covered by the, external membrane only. Colour white,
yellowish, greyish, or blackish. o e
Skeleton very delicate ; radiating fibres rarely consisting of more
than two parallel spicules; transverse fibres far apart, frequently
consisting of single spicules ; very little spongin present. ‘

| A

A, B.

Tig. 13.—Spieules of Spongilla crateriforms,

A, From specimen taken in July in a tank on the Calentta maidan, B, Hrom
type specimen of Ephydatia indica taken in the Indian Museum tank in
winter. Both figures X 240, ‘

Spicules. Skeleton-spicules feebly curved, slender, as a rule
irregular in outline, sometimes almost smooth ; the ends as a rule
gharply pointed, often constricted off and expanded so as to re-
gemble spear-heads, occasionally blunt. No true flesh-spicules,
Gemmule-spicules often free in the parenchyma, cylindrical,
- glender, very variable in length in different sponges, straight or
nearly 8o, as a rule with an irregular circle of strong straight or
recurved spines at either end resembling a rudimentary rotule, and
with shorter straight spines scattered on the shaft, sometimes
without the rudimentary rotule, either truncate at the ends or
terminating in a sharp spine. /

Gemmules small, free, each surrounded by a thick granular layer
in which the spicules stand upright or nearly so, and covered
externally by a delicate but yery distinet chitinous membrane ; no
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‘horizontal spicules ; foramen situated at the base of a crater-like
depression in the granular coat, which is sometimes raised round
it li;ola,s to form a conspicuous rampart ; a short, straight foraminal
tubule. ] il

The shape of the spicules is extremely variable, and sponges
in which they are very different occur in the same localities and
even in the same ponds. It is possible that the differences are
directly due to slight changes in the environment, for in one pond
in Calcutta a form with Spongilla-like gemmule-spicules appears to
replace the typieal form, which is common in winter, during the
hot weather and “rains.” I have not, however, found this to be
the case in other ponds. Perbaps S. hemephydatia will ultimately

- prove to be a variety of this very variable species, but its smooth
and regular skeleton-spicules and short-spined gemmule-spicules
afford a ready method of distinguishing it from . erateriformis.
The two sponges are easily distinguished from all others in the
subgenus Zuspongilla by the upright and regular arrangement of
their gemmule-spicules, for although in 8. proliferens and 8. tra-
vamcorice some of the gemmule-spicules are nearly vertical, their

- arrangement is always irregular, a large proportion of the spicules
make an acute angle with the inner coat of the gemmaule and a few

a8 a rale lie parallel to it. The systematic position of . crateri-
Jormis is almost exactly intermediate between Euspongilla and
Liphydatia, to which genus it has hitherto been assigned. = I think,
however, that taking into consideration its close relationship to
N. hemephydatia, it. is best to assign it to Spongilla. as its rudi-
mentary rotules never form distinet disks. I have examined some
of Potts’s original specimens from different American localities
and can detect no constant difference between them and Indian
specimens. i

Tyees in the United States National Museum; co-types in
Caloutta.

Guograrnican Distrisurion.—This sponge was originally de-
seribed from North America (in which continent it is widely
distributed) and has been recorded from the west of Ireland with
some doubt. In India and Burma it is widely distributed.
Bexaarn, Caleutta and neighbourhood (Annandale); Sonarpur,
Gangetic delta (Annandale); Bompay Prustvwscy, Tgatpuri
Lake, W. Ghats (altitude ca. 2,000 feet) (Annandale); Mapras
Prustornoy, neighbourhood of Madras town (/. It. Henderson);
Museum compound, Egmore (Madras town) (Annandale); near
Bangalore (alt. ¢a. 3,000 ft.), Mysore State (Annandale); Erna-
kulam, Cochin (G. Mathai): Burma, Kawkareik, interior of
Ambherst district, Tenasserim, and the Moulmein waterworks m
the same district (Annandale).®

* Mr, O, A, Paiva, Assistant in the Indian Museum, has lately (March 31st,
1911) obtained specimens of 8. erateriformis in a small pond of fresh water
on Ross Island in the Andaman group. The existence of this widely dis-
tributed species on an oceanic island is noteworthy. ;
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Bionoay.—S, erateriformis flourishes in Caleutta thronghout the
year. Here it is usually found adhering to the roots of water-
plants, especially Pistia and Limnanthemwm. In the case of the
former it oceurs at the surface, in that of the latter at the bottom.
When growing near the surface or even if attached to a stone ab
the bottom in clear water, it is invariably of a pale yellowish or
greyish colour. ‘Whén growing on the roots of Limnanthetium in
the mud of the Gangetic alluvium, however, it is almost black, and
when growing in the reddish muddy waters of the tanks round
Bangalore of a reddish-brown colour. This appears to be due
entirely to the absorption of minute particles of inorganic matter
by the cells of the parenchyma. If black sponges of the species.
are kept alive in clean water, they turn pure white in less than a
week, apparently because these particles are eliminated. ‘When
growing on stones the sponge, as found in India, often conforms
exactly with Potts’s description: ¢a filmy grey sponge, branching
off here and there .. ... yet with a curious lack of continuity....”

The wide efferent canals of this sponge afford a convenient
shelter to small crustacea, and the isopod Tachea spongillicola,
Stebhing (see p. 94), is found in them more abundantly than in
those of any other sponge. This is especially the case when the
sponge is growing at the bottom. On the surface of the sponge I
have found a peculiar protozoon which resembles the European
Trichodina spongillee in general struture but belongs, 1 think, to a
distinet species, if not to a distinct genus,

Subgenus B. EUNAPIUS, J. E. Gray.

EBunapius, J. B. Gray (partim), P. Zool. Soc. London, 1867, p. 552,

Spongilla (5. str.), Vejdovsky, in Potts’s ¢ Fresh-Water Sponges,”
P. Ac. Philad. 1887, p. 172, ‘

Spongilla (s, str.), Weltner, in Zacharias's Tiex- und Pflanzenwelt
des Siigswassers, i, p. 214 (1891 ). ) ‘

Spongilla (s. str)), Annandale, Zool, Jahrb., Syst. xxvii, p. 650
(1909). : ‘

Tyen, Spongilla carteri, Carter. ‘ : :

Spongille in which the gemmules are covered with layers of
distinet polygonal air-spaces with chitinous walls.

The gemmules are usually fastened together in groups, which
may either be free in the sponge or adhere to its support as a
“ pavement layer ”; sometimes, however, they are not arrariged
in this manner, but are quite independent of one another. The
s}ieleton is usually delicate, sometimes very stout (¢.g., in 8. nitens,

arter). ‘

The term Eunapius here used is not quite in the original sense,
for Giray included under it Bowerbank’s Spongilla paupercula which
is now regarded as a form of S. lacustris. His description, never~
theless, fits the group of species here associated except in one
particular, viz., the smoothness of the gemmule-spicules to which
he refers, for this character, though a feature of 8. carters, is no
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found in certain closely allied forms. The use of ¢ Spongilla” in
@ double sense may be avoided by the adoption of Gray’s uame.
. The subgenus Bunapius is, like Huspongilla, cosmopolitan. Tt
is not, however, nearly so prolific in species. - Four can be
recognized in India, two of which range, in slightly different forms,
s far north as Furope, one of them also being found in North
‘Ameriea, Northern Asia, and Australia. * ! ; .

8, Spongilla carteri ®* Carter (Bowerbank, in litt.). (Plate 11,
fig. 1.) : |
Spongille friabilis?, Carter (nec Lamarck), J. Bombay Asiat. Soc.
i, p. 81, fl. i, fig. 3 (1849), & Ann. Nat. Hist. (2) iv, p. 83, pl. ii,
fig. 3 (1849). ‘ ‘ ‘ i ‘
Spongitle carteri, Carter, Ann, Nat. Hist. (3) iii, p. 834, pl. viii,
figs. 1-7 (1859). ] ‘
Spongilla carteri, Bowerbank, P. Zool. Soc. London, 1868, p. 469,
pl. xxxviii, fig. 20. : '
Lunapius carters, J. B, Gray, ihid, 1867, p. 552.
Spongilla carteri, Carter, Ann. Nat. Hist. (5) vii, p. 86 (1881).
Spongille carters, 1d., 1bid. x, p. 369 (1882). ‘
Spongilla cartert, Potts, P. ‘Ac. Philad. 1887, p. 194,
Spongitla carterr, Weltner, Arch. Naturg. Ixi (i), pp. 117, 134
(1895).
Spongilla carters, Kirkpatrick, P. Zool. Soc. London, 1906 (i), p. 219,
pl xv, figs. 8, 4 (P figs. 1, 2), !
Spoiz_r/‘illg ccirteri, Annandale, J. Asiat, Soc. Bengal, 1906, p. 188,
s :
S E;zgillaocarteri, Willey, Spolia Zeyl. iv, p. 184 (1907).
Spongilla carterd, Annandale, ibid. vii, p. 63, pl, 1, fig, 1 (1910).

Fig. 14.—Glemmule of Spongilla cariers (from Caloutta), as seen in
optical section, X 140,

Sponge massive, as a rule with the surface smooth and rounded,
oceasionally bearing irregular ridges, which may even take the form
of cockseombs ; the oscula large, rounded, conspicuous. but not
raised above the surface of the sponge, leading into broad vertical
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. canals ; the lateral canals, except in the immediate vieinity of the
central vertical ones, not very broad; the oscular collars extending
for a considerable distance over the oscula in living or well-
preserved specimens, never standing out from the surface; the
oscula mever surrounded by radiating furrows. The inhalent
pores surrounded externally by unmodified cells of the external
membrane, Colour greyish, sometimes with a flush of green on
the external surface. i ]

The sponge has a peculiarly strong and offensive smell,

Stkeleton fairly compact, with well—tiaveloped radiating fibres; the
transverse fibres splayed out at either end so that they sometimes
vesemble a pair of fans joined together by the handles (fig. 3, p-33).
A moderate amount of spongin present. ‘

Spicules. Skeleton -spicules smooth, pointed, nearly. straight,
never very stout but somewhat variable in exact proportions.
Gemmule-spicules similar but much smaller. (There are no true
flesh-spicules, but immature skeleton-spicules may easily be mis-
taken for them.) /

Gemmules as a rule numerous, spherical or flattened at the base,
variable in size, each covered by a thick coat consisting of several
layers of relatively large polygonal air-spaces. A single aperture
surrounded by a crater-like depression in the cellular coat and
provided with a foraminal tubule resembling an inverted bottle in
shape.  (This tubule, which does not extend beyond the surface of
the cellular coat, is liable to be broken off in dried specimens.)
The spicules variable in quantity, arranged irregularly among the
spaces of the cellular coat and usually forming a sparse hovizontal
layer on its external surface. Each gemmule contained in a cage
of skeleton-spicules, by the pressure of which it is frequently dis-
torteds

8 a. Var. mollis*®, nov.

This variety is characterized by a paucity of skeleton-spicules.
The sponge is therefore soft and so fragile that it usually breaks
in pieces if lifted from the water by means of its support. Owing
to the paucity of skeleton-spicules, which resemble those of the
typical form individually, the radiating and transverse fibres are
extremely delicate. ‘

Common in Calcutta.

86. Var. cava*, nov.

This variety is characterized by the fact that the oscula open
into broad horizontal canals, the roof of which is formed by a thin
layer of parenchyma and skeleton or, in places, of the external
membrane only. The skeleton is loose and fragile, and the living
sponge has a peculiar glassy appearance. In spirit the colour is
yellowish, during life it is greenish or white.

Taken at Bombay ; November, 1907,
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~ 8e. Var. lobosa*, nov. ¢

The greater part of the sponge in this variety consists of a num-
ber of compressed but pointed vertical lobes, which arise from a
relatively shallow, rounded base, in which the oscula oceur. The
dried sponge has a yellowish colour. '
Apparently common in Travancore,

I cannot distinguish these three ¢ varieties ”t from the typical
form as distinet species ; indeed, their status as varieties is a little
doubtful in two cases out of the three. Var. cava appears to be a
variety in the strict semse of the word (see p. 18), for it was
found on the island of Bombay, the original locality of the species,
growing side by side with the typical form. Var. lobosa, however,
should perhaps be regarded as a subspecies rather than a variety,
for I have received specimens from two localities in the extreme
south-west of India and bave no evidence that the typical form
occurs in that part of the country. Hvidence, however, is rather
scanty as regards the occurrence of freshwater sponges in 8. India.

_ Var. mollis, again, may be a phase directly due to environment.
It is the common form in the ponds of certain parts (e. g. in
the neighbourhood of the Maidan and at Alipore) of the Calcutta
municipal area, but in ponds in other parts (e.g. about Belgatchia)
of the same area, only the typical form is found. It is possible
that the water in the former ponds may be deficient in silica or
may possess some other peculiarity that renders the production of
spicules difficult for S. earters; but this seems hardly probable, for
S, orassissima, a species with a rather dense siliceous skeleton,
flourishes in the same ponds. I havenoticed thatin ponds in which
the aquatic vegetation is luxuriant and such genera of plants as
Pistia and Limnanthemum flourish, there is always a tendency for
S, carteri to be softer than in ponds in which the vegetation is
mostly cryptogamie, and in Caleutta those parts of the town in
which sponges of this species produce most spicules are those in
which a slight infiliration of brackish water into the ponds may be
suspected; but in the interior of India, in places where the water
is absolutely fresh, hard specimens seem to be the rule rather than
the exception.

S, earteri is closely related to 8. nitens, Carter (Africa, and pos-
sibly 8. America), but differs from that species in its comparatively
slonder, sharp skeleton-spicules and smooth gemmule-spicules, It
may readily be distinguished from all other Indian freshwater
sponges by its large, deep, round oscula, but this feature is not so
marked in var. lobosa as in the other forms. The typical form and

T The only complete Turopean specimen of the species I have seen differs
considerably in outward form from any Indian variety, consisting of a flat basal
area from which short, cylindrical turret-like brauches arise. This specimen
is from Lake Balaton in Hungary and was sent me hy Prof. von Daday de
Dees of Buda-Pesth.
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var, mollis grow to a larger size than is recorded for any other species
of the family. I possess a specimen of the typical form from the
neighbourhood of Calcutta which measures 30 X 27cm. in diameter
and 19-5¢m. in depth, and weighs (dry) 2430z, The base of this

specimen, which is solid throughout, is nearly circular, and the e

general form is mound-shaped. Another large specimen from
Caleutta is in the form of an irregular wreath, the greatest diameter
of which is 84em. This specimen weighs (dry) 1640z. Both

these specimens probably represent the growth of several years.

Tyews.—The types of the varieties mollis, ¢ava and lobosa are in
the collection of the Indian Museum. Iregard as the type of the
species the specimen sent by Carter to Bowerbank and by him
named 8. carteri, although, owing to some confusion, Carter’s de-
seription under this name appeared some years before Bowerbank’s.
This specimen is in the British Museum, with a fragment in the
Indian Museum. - ‘

Grograriicat Disrripurton.—The range of the species ex-
tends westwards to Hungary, sonthwards to Mauritius and east-
wards to the island of Madura in the Malay Archipelago; a specimen
from Lake Vietoria Nyanza in Central Africa has been referred to
it by Kirkpatrick (P. Zool. Soc. London, 1906 (i), p. 219), but T
doubt whether the identification is correct. In India S. carteri.is
by far the most universally distributed and usually much the
commonest freshwater sponge ; it is one of the only two species as
yet found in Ceylon. Specimens are known from the following
localities :—PunsaB, Lahove (J. Stephenson): BoMsaY PRESIDENCY,
island of Bombay (Carter, Kirkpatrick, Annandale); Tgatpuri,
'W. Ghats (alt. ca. 2,000 ft.) (dnnandale) : Unired PRoVINOES
(plains), Agra (Kirkpatrick); Lucknow : Hixaravas, Bhim Tal,
Kumaon (alt. 4,500 1) (Annandale) ; Tribeni, Nepal (Hodgart) :
Brnear, Calcutta and neighbourhood ; Rajshahi (Rampur Bhulia)
on the R. Ganges about 150 miles N. of Caleutta (Annandale) ;
Berhampur, Murshidabad distriet (. B. Lloyd) ; Pusa, Darbbbanga
distriet (Bainbrigge Fletcher) ; Siripur, Saran district, Tirhut (M.
Mackenzie) 3 Puvi and the Sur Lake, Orissa (Annandale) : MADRAS
PrusiouNoy, near Madras town (J. B. Henderson); Madura dis-
triet (22, Bruce Foole) ; Bangalore (Annandale) and Worgaum, My-
sore State (2,5600-3,000 ft.); Broakulam and Trichur, Cochin
(6. Mathai); Trivandrum and the neighbourhood of C. Gomorin,
Travancore (var. lobosa) (R. 8. N. Pillay) : Burma, Kawkareik,
interior of Amherst district, ‘Penasserim (Annandale); Rangdon
(Annandale) ; Bhamo, Upper Burma (/. Coggin Brown): CBYLON,
Peradeniya (B. K. Gireen); oublet of the Maha Rambaikulam
between Vavuniya and Mamadu, Northern Province (Willey)s;
Horowapotanana, between Trincomaiee and Anuradihapura, North-
Central Province ( Walley).

Brovoay.—8. carters usnally grows in ponds and lakes; T have
never seen it in running water. Mr. Mackenzie found it on the
walls of old indigo wells in Tirhut i |

The exact form of the sponge depends to some extent on the
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forces acting on it during life. At Igatpuri, for instance, I found
that specimens attached to the stems of shrubs growing in the
lake and constantly swayed by the wind had their surface irregu-
larly reticulated with high nndulating ridges, while those growin
on stones at the bottom of a neighbouring pond were smooth an
rounded. ‘ | j

Sponges of this species do not shun the light.

In Calcutta 8. carters flourishes during the cold weather (Novem-
ber to March). By the end of March many specimens that
have attached themselves to delicate stems such as those of the
leaves of Limnanthemum, or to the roots of Pistia stratiotes, have
grown too heavy for their support and have sank down into the
mud abt the bottom of the ponds, in which they are quickly
smothered. = Others fixed to the end of branches overhanging the
water or to bricks at the edge have completely dried up. A large
proportion, however, still remain under water; hub even these
begin te show signsof decay at this period. Their cells migrate to
the extremities of the sponge, leaving a mass'of gemmules in the
centre, and finally perish. ;

Few sponges exist in an aetive condition throughout the hot
weather. The majority of those that do so exhibit a curious
phenomenon. Their surface becomes smoothly rounded and they
have a slightly pinkish colour ; the majorvity of the eells of their
parenchyma, if viewed under a high power of the microscope, can
be seen to be gorged with very minute drops of liquid. This liquid
is colourless in its natural condition, but if the sponge is plunged
into aleohol the liquid turns of a dark brown colour which stains
both the alcoholand the sponge almost instantaneously. FProbably
the lignid represents some kind of reserve food-material. Even in
the hot weather a few living sponges of the species may be found
that have not this peculiarity, but, in some ponds at any rate, the
majority that survive assume the peculiar summer form, which I
have also found at Lucknow.

Reproduction takes place in 8. carters:in three distinet ways, two
of which may be regarded as normal, while the third is apparently
the result of accident. 1f a healthy sponge is torn into small pieces
and these pieces are kept in a bowl of water, little masses of cells
congregate at the tips of the radiating fibres of the skeleton and
assume a globular form. At first these cells are homogeneous, having
clear protoplasm full of minute globules of liquid. The masses
differ considerably in size but never exceed a few millimetres in
diameter, Inabout two days differentiation commences among the
cells ; then spicules are secreted, a central cavity and an external
membrane formed, and an aperture, the first osculum, appears
in the membrane. In about ten days a complete young sponge is
produced, but the details of development have not been worked out.

The most common normal form of reproduction is by means of
gemmules, which are produced in great numbers towards the end
of the cold weather. 1f small sponges are kept alive in an aqua-
rium even at the beginning of the cold weather, they begin
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to produce gemmules almost immediately, but these gemmules
although otherwise perfect, possess few or no gemmule-spicules.

It the sponge becomes desiccated at the end of the cold weather
- and is protected in a sheltered place, some or all of the gemmules
contained in the meshes of its skeleton germinate i situ as soon as
the water reaches it pgain during the *rains” 1 is by a con- -
tinuous or rather periodical growth of this kind, reassumed season
after season, that large masses of sponge are formed. In such
masses it is often possible to distinguish the growth of the several
years, but as a rule the layers become more or less intimately fosed
together, for no limiting membrane separates them. A large pro-
portion of the gemmules are, however, set free and either float on
the surface of the water that remains in the ponds or are dried up
and carried about by the wind. In these circumstances they do not
germinate until the succeeding cold weather, even if circamstances
other than temperature are favourable; but as soon as the cold
weather commences they begin to produce new sponges with great;
energy. :

- Bexual reproduction, the second normal form, takes place in §.
carteri mainly if not only at the approach of a change of season,
that is to say about March, just before the hot weather commences,
and about November, just as the average temperature begins to
sink to a temperate level, At these seasons healthy sponges may
often be found full of eggs and embryos, which lie in the natural
cavities of the sponge without protecting membrane.

In the ponds of Caleutta a large number of animals are found
associated in a more or less definite manner with Spongilla carters,
Only one, however, can be described with any degree of certainty
as being in normal circumstances an enemy, namely the larva of
Sisyra iadica,* and even in the case of this little insect it is doubt-
ful how far its attacks are actually injurious to the sponge. The
larva, is often found in considerable numbers clinging to the oscula
and wide efferent canals of S, carteri, its proboscis inserted into
the substance of the sponge. If the sponge dies and the water
becomes foul the larve swim or crawl away. Tf the sponge dries
up, they leave its interior (in which, however, they sometimes
remain for some days after it has become dry) and pupate in a
Silken cocoon on its surface. Hence they emerge as perfect insects
after about a week, ‘ : :

An animal that may be an enemy of . carteri is a flat-worm (an
undescribed species of Planaria) common in its larger canals and
remarkable for the small size of its pharynx. The same worm,
however, is also found at the base of the leaves of bulrnshes and
in other like situations, and there is no evidence that it actually
teeds on the sponge. Injured sponges are eaten by the prawn
Palamon lamarrei, which, however, only attacks them when the
dermal membrane is broken. A Zumypus larva (Chironomid

* Needbam, Rec. Ind. Mus, iii, p. 206 (1909).
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Diptera) that makes its way though the substance of the sponge
may also be an enemy; it is commoner in decaying than in
vigorous sponges. ‘ i

The presence of another Chironomid larva (Chéronomus, 8p.)
appears to be actually beneficial. In many cases it is clear that
this larva and the sponge grow up together, and the larva is
commoner in vigorous than in decayed sponges. Unlike the
Tanypus larva, it builds parchment-like tubes, in which it lives, on
the surface of the sponge. The sponge, however, often grows very
rapidly and the larva 1s soon in danger of being engulfed in its
substance, The tube is therefore lengthened in a vertical direction
to prevent this catastrophe and to maintain communication with
the exterior. The process may continue until it is over an inch in
length, the older part becoming closed up owing to the pressure of
the growing sponge that surrounds it. Should the sponge die, the
larva lives on in its tubes without suffering, and the ends of tubes
containing larvee may sometimes be found projecting from the worn
surface of dead sponges. The larva does not eat the sponge but
captures small insects by means of a pair of legs on the first seg-
ment of its thorax. Tn so doing it thrusts the anterior part of its
body out of the tube, to the inner surface of which it adheres by
means of the pair of false legs at the tip of the abdomen. This
insect, which is usually found in the variety mollis, appears to do
good to the sponge in two ways—by capturing othet insects that
might injure 1t and by giving support to its very feeble skeleton. -

A precisely similar function, so far as the support of the sponge
is concerned, is fulfilled by the tubular zocecia of a phase of the
polyaoon Plumatella fruticosa (see p. 218) which in India is more
commonly found embedded in the substance of 8. ecarteri than in
that of any other species, although in Great Britain it is generally
found in that of S, lacustris, which is there the commonest species
of freshwater sponge.

Another animal that appears to play an active part in the
ceconomy of the sponge is a peculiar little worm ( Chatogaster spon-
gille) also found among the zowcia of Plumatella and belonging
to a widely distributed genus of which several species are found
in association with pond-snails, Chatogaster spongille often occurs
n enormous numbers in dead or dying sponges of S. carteri,
apparently teeding on the decaying organic matter of the sponge
and assisting by its movements in releasing numerous gemmules.
I so doing it undoubtedly assists in the dissemination of the
species.

pMa]or J. Stephenson (Rec. Ind. Mus. v, p. 233) has recently
found two other species of oligochmtes inhabiting S, carters var.
lobosa. from Travancore. Both these species, unlike Chetogaster
spangitle, belong to a genus that is yegetarian in habits. One of
them, Naws pectinata, has not yet been found elsewhere, while the
other, Nais communis, has a very wide distribution, The latter,
however, occurs in the sponge in two forms—one with eyes, the
other totally blind. The blind form (N. communis var. ewea) has
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only been found in this sitaation, but the ’athér'(vai'.\ jwimjabmsié)‘ o

lives free as well as in association with the sponge, in which the
. blind form was the commoner of the two. o

The majority of the animals found in association with S. carteri

gain shelter without evident assistance to the sponge. This is the
case as regards the little fish ( Gobius aleockir), one of the smallest
of the vertebrates (length about # inch), which lays its eggs in the
patent oscula, thus securing for them a situation peculiarly favour-
able to their development owing to the constant current of water
that passes over them. In the absence of sponges, however, this
fish attaches its eggs to the floating roots of the water-plant Pistie
stratiotes.  Numerous small crustacea® also take temporary or
permanent vefuge in the cavities of 8. carterd, the most noteworthy
among them being the Isopod Tachewa spongillicola T, the adults of
which are found in the eanal of this and other sponges, while the
young eling to the external surface of the carapace of Palemon
lamarrei and other small prawns. Many worms and insects of
different kinds also enter the canals of S, carteri, especially when the
sponge is becoming desiccated; from half-dry sponges numerous
beetles and flies may be bred, notably the moth-fly Psychoda
nmigripennis £, of which enormons numbers sometimes hatch out
from such sponges. :

As the sponge grows 'it frequently attaches itself to small
molluscs such as the young of Vivipara bengalensis, which finally
become buried in its substance and thus perish. Possibly their
decaying bodies may afford it nourishment, hut of the nataral food
of sponges we know little. 8. carteri flourishes best and reaches its
largest size in ponds used for domestic purposes by natives of India,
and thrives in water thick with soap-suds. It is possible, though
direct proof is lacking, that the sponge does good in purifying
water used for washing the clothes, utensils, and persons of those
who drink the same water, by absorbing decaying animal and
vegetable matter from it. L

Various minute alge are found associated with 8. caréeri, but
of these little is yet known. The green flush sometimes seen on
the surface of the typical form is due to the fact that the super-
ficial cells of the parenchyma contain green corpuscles. These,
however, are never very numerous and are mot found in the
inner parts of the sponge, perhaps owing to its massive form, It
is noteworthy that these green bodies flourish in large numbers
throughout the substance of sponges of 8. proliferens, a spedies
always far from magsive, growing in the same ponds as 8. carteri.

% Accovding to the late Rai Bahadur R. B. Sanyal, freshwater sponges are
called in Bengali * shrimps’ nests.” From his description it is evident that he
refers mainly to 8. carter: (see Hours with Nature, p. 46 Caleutta 1896),

1 Stebbing, J. Linn. Soc. xxx, p. 40 ; Annandale, Rec, Ind. Mus. i, p. 279,

1 Brunetti, Ree. Ind. Mus, ii, p. 376 (1908). ‘
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9, Spongilla fragilis, Leidy. Was e
. Spongill fragilis, Leidy, P, Ac. Philad. 1851, p. 978,
Spongille lordii, Bowerbank, P. Zool, Soe, London, 1863, p. 466,
Plixxevil fie 17 S @
Spongille contectea, Noll, Zool. Garten*, 1870, p. 173, '
‘ Spo{aéq;g;x oftavensis, Dawson, Canad, Nat.#* (new series) viii, p. b
| :S%fmgﬂld sibiriea, Dybowski, Zool, Anz., J ahr. i, p. 53 (1878),
Spongilta morgiana, Potts, P, A¢, Philad, 1880, p. 330.
Spoizggil)a lorddi, Carter, Ann. Nat. Hist. (5) vil, p. 89, pl. i, fig. 13
Sp((mqglaﬁ.sibt;gm, Dybowski, Mém, Ac, St. Pétersh. (7) xxx, no. x,
spgﬁyiz’za _%zmmm, Noll, Zool. Anz., Jahr. ix, p. 682 (1886).
Spongilla fragilis, Vejdovsky, P. Ac. Philad. ]8g7, p. vy
Spongilla fragilis, Potts, 1b6id. X 197, ;(71. v, fig. 2; pl. viil, figs, 1-4,
Spongilla fragibis, Weltner, Arch, Natwrg. lix (1), p. 266, pliing,
figs, 18-20 (1893), , : ‘ g
Spongilla fragilis, id., Arch. Naturg, Ixi (1), p. 117 (1895).
Sporgilla fragilis, 1d., in Semon’s Zool. Forsch. in Austral. w. d.
Malay, Arch, v, part v, p. 528,
Spongitla fragiis, Annandale, P, U.S. Mus. xxxvii, p. 402 (1909), *
Spongilla fragilis, 7d., Annot. Zool, Jupon. vii, part ii, p. 106, pl. ii,
fig. 1 (1909). :
Sponge flat, lichenoid, never of great thickness, deveid of
branches, dense in texture but very friable ; colour brown, green,
or whitish ; oscula numerous, small, flat, distinetly star-shaped.

Stkeleton with well defined radiating and transverse fibres,
which are never strong but form a fairly dense network with
a small amount of spongin.

Spicules. Skeleton-spicules smooth, sharply pointed, moderately
stout, as a rule nearly straight. No flesh-spicules.  Gemmule-

 spicules eylindrical, blunt or abruptly pointed, nearly straight,
covered with relatively stout, straight, irregular spines, which are
equally distributed all over the spicule.

Gemmules bound together in free groups of varying numbers
and forming a flat layer at the base of the Sponge ; each gemmule
small in size, surrounded by a thick cellular coat of several
layers ; with a relatively long and stout foraminal tubule, which
projects outwards through the cellular coat at the sides of the
group or at the top of the basal layer of gemmules, is usually
cnrved, and is not thickened at the tip ; more than one foraminal
tubule sometimes present on a single gemmule 3 gemmule-spicules
arranged horizontally or at the base of the cellular coat,

The species as a species is easily distinguished from all others,
its nearest ally being the N. Awmerican 8. angloviformis with
sparsely spined skeleton-spicules which are very few in number,
and gemmule groups in which the foraminal tubules all open
downwards. :

Several varieties of 8. fragilis have been descri bed in Burope
and America, ‘




G e aeaka e ‘
. Txen.—Potts refers to the type as being in
Natural Sciences at Philadelphia, e | ‘
GuoamAPRICAL DistrInurion.—All over Europe and N. America;
‘also in Siberia, Australia, and 8. America. The species is in- =
cluded in this work in order that its Asiatic local races may be '

. fitly described. e G e L

@

9a. Subsp. caleuttana®, nov.

? Spongilla  decipiens, Weltner (partim), Arch. Nnturglxi o :
pp. 117, 184 (1895}, ¢ e
Spongille decipiens, Annandale, Journ, As. Soc. Ben‘g._l@()ﬁ; ;P~~J57-fj i

Spongilla fragitis, vd., Rec. Ind, Mus, i, p. 390 (1907),

o

Fig. 16.%-Spongitla fragilis subsp, caleuttana, o
A=group of gemmules, X70; B=spicules, x240. From type specimen.

This local race, which is common in Caleutta, is distinguished
from the typical form mainly by the shape of its skeleton-
spicules, most, of which are abruptly pointed or almost rounded at
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‘the tips, sometimes bearing a minute conical projection at each
end.  The gemmule-spicules, which are usually numerous, are

slender, The foraminal tubules are usually long and bent, but

are sometimes very short and quite straight.  The colour is usually

greyish, oceasionally brown.

' L 'haye not found this race except in Caleutta, in the ponds of

which it grows on bricks or, very commounly, on the stems of

bulrushes, often covering a considerable area. :
Txent in the Indian Museum.

9 b. Subsp. decipiens®, Weber.

Spongilladecipiens, W eber, Zool. Ergeb. Niederlind. Ost-Ind. i, p. 40,
pl v, figs. 1-5 (1890).

This (?) local race is distinguished by the fact that the foraminal
tubules are invariably short and straight and thickened at the
tips, and that gemmule-spicules do not occur on the external
surface of the cellular coat of the gemmules. |

I include Weber's Spongills decipiens in the Indian fauna on the
authority of Weltner, who identified specimens from the Museum
% tank,” Calentta, as belonging to this form. All, however, that
I have examined from our “tank” belong to the subspecies
calouttana, most of the skeleton-spicules of which are much less
sharp than those of decipiens. By the kindness of Prof. Max
‘Weber I have been able to examine a co-type of his species, which
18 probably a local race peculiar to the Malay Archipelago,

Tyru in the Amsterdam Museum ; a co-type in Caleutta.

Perhaps the Japanese form, which has spindle-shaped gemmule-
spicules with comparatively short and regular spines, should be

regarded as a third snbspecies, and the Siberian form as a fourth. .

10. Spongilla gemina®, sp. nov,

Sponge forming small, shallow, slightly dome-shaped patches of
a more or less circular or oval outline, minutely hispid ou the
surface, friable but moderately hard. Oscula numerons but minote
and inconspicnous, never star-shaped. Dermal membrane ad-
hering closely to the sponge. Colour grey or brown.

Skelgton forming a close and regular network at the base of the
sponge, becoming rather more diffuse towards the external surface;
the gradiating and the transverse fibres both well developed, of
almost equal diameter. Little spongin present. ‘

Spicules. Skeleton-spienles slender, smooth, sharply pointed. No
flesh-spicules. Gemmule-spicules long, siender, cylindrical, blunt
or bluntly pointed, somewhat irregularly covered with minute
straight spines. v

Genmimules small, bound together in pairs, as a rule free in the
pavenchyra but sometimes lightly attached at the base of the
sponge. Hach gemmule flattened on the surface by which it is
attached to its twin, covered with a thin coat of polygonal air-
spaces which contains two layers of gemmule-spicules crossing one
another irregularly in a horizontal plane. Oune or two foraminal

H

3



98 Bl  SPONGILLIDE.

" tubules present on the surface ogpdsitb the flat one, bending'
towards the latter, often of considerable length, cylindrical an
moderately stout. ‘ ‘ S i
Typk in the Indian Museum.

il

This species is closely allied to S. fragilis, from which it may be

distinguished by the curious twinned arrangement of its gemmules.
It also differs from S. fragilis in having extremely sriall and
inconspicuous oscula. ‘ T
Locality. T only know this sponge from the neighbourhood of
Bangalore, where Dr. Morris Travers and I found it in Qctober,
1910 growing on stones and on the leaves of branches that dipped
into the water at the edge of a large tank. ' r ‘

11. Spongilla crassissima®, Annandale. i
Spomgilla crassissima, Annandale, J. Asiat. Soc, Bengal, 1907, p, 17,
figs, 2, 8. : i
Spongillu erassissima, vd., ihid. p. 88, ;
Spongilla crassissima, 1d., Rec. Ind. Mus. i. p. 390, pl. xiv, fig. 4
(1907), ‘

Sponge very -hard and strong, nearly black in colour, sometimes
with a greenish tinge, forming spherical, spindle-shaped or irve-
 gular masses without branches but often several inches in diameter.
Oscula circular or star-shaped, usually smrounded by radiating
furrows ; pores normally contained in single cells. External
membrane closely adherent to the sponge except immediately
round the oscula, : .

Skeleton dense, compact and only to be broken by the exercise
of considerable force; radiating and transverse fibres not very
stout but firmly bound together by spongin (fig. 6, p. 38), which
oceasionally extends between them as a delicate film ; their net-
work close and almost regular.

Spicules. Skeleton-spicules smooth, feebly curved, sausage-
shaped but by no means short, as a rule bearing at each end a
minute conical projecfion which contains the extremity of the
axial filament. No flesh-spicules. Gremmule-spicules ‘closely
resembling those of 8. fragilis subsp. ealeuttana, but as a rule
even more obtuse at the ends. ! |

Gemmules as in 8. fragilis subsp. caleuttana ; a basal layer of
gemmules rarely formed. : :

i
11e. Var. crassior®, Annandale. e s
Spoﬂ%’lil? erassior, Annandale, Ree. Ind. Mus. i, p. 889, pl. xiv, fig. 8.
( . \ ‘

This variety differs from the typical form chiefly in its even
stronger skeleton (fig. 8, p. 83) and its stouter skeleton-spicules,
which do not so often possess a terminal projection. The sponge
is of a brownish colour and forms flat masses of little thickness but
of considerable area on sticks and on the stems of water-plants,

Typrs.—The types of both forms are in the Indian Museum
Co-types bave been sent to London, "



. GpograPHICAL Disrrieurion,—This sponge is only known

from Bengal. ‘The variety crassior was found at Rajshshi (Ram-

 pur Bhulia) on the Ganges, about 150 miles N. of Calcutta, while
4y the typical form is fairly common in the ““tanks” of Caleutta

- and very abundant in the Sur Lake near Puri in Orissa. i
 Broroay.—8. crassissima is usually found near the surface in
shallot water, Attached to the roots of the floating water- plant
Pistia stratiotes it assumes a spherical form, while on sticks or

s i
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Fig. 16,—Bpicules of Spongilie erassissimae vax. crassior
(from type specimen), X 240,

like objects it is spindle-shaped. Sometimes it is found growing
on the same stick or reed-stem as 8. carteri, the two species being
in close contact and 8. carteri always overlapping 8. erassissima.
. The dark colour is due to minute masses of blackish pigmént in
the cells of the parenchyma, The dense structure of the sponge
1is not; fayourable to the presence of incolee, but young colonies of
the polyzoon Plumatella fruticoss ave sometimes overgrown by it.
Although they may persist for a time by elongating their tubular
zocecla through the substance of the sponge, they do not in these
circumstances reach the same development as when they are
overgrown by the much softer §. carieri. :

8. erassissima is found during the ““rains 7 and the cold weather.
In Caleutta it attains its maximum size towards the end of the
latter season. In spite of its hard and compact skeleton, the
sponge does not persist from one cold weather to another.

A curious phenomenon has been noticed in this species, but
only in the case of sponges living in an aquarium, viz. the cessa-
tion during the heat of the day of the currents produced by its
flagella, ‘ /

n2
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Subgenus 0. STRATOSPONGILLA, Annandale,

Stratospengilla, Annandale, Zool. Jahtb,, Syst. xxvii, p. 561 (1908), ¢ e

Tyen, Spongilla bombayensis, Carter. ‘ ;

Spongille in the ‘gemmules of which the pneumatic kuyer i
absent or irregularly developed, its place being sometimes taken by
air-spaces between the stout chitinous membranes that cover the
gemmule. At least one of these membranes is always present.

The gemmule-spicules lie in the membrane or membranes
parallel to the surface of the gemmule, and are often so arranged
as to resemble a mosaic. The gemmules themselves are usually
adberent to the support of the sponge. The chitinous membrazie
or membranes are often in continuity with a membrane that
underlies the base of the sponge. The skeleton is usually stout,
though often almost amorphous, and the skeleton-spicules are
gometimes sausage-shaped,
~ Sponges of this subgenus form crusts or sheets on solid sub-
merged objects. s

Stratospongilla is essentially a tropical subgenus, having its
head-quarters in Central Africa and Western India. One of its
species, however, (8. sumatrana®, Weber) occurs both in Africa
and the Malay Archipelago, while another has only been found in
8. America (S. navicella, Carter). j ;

Aberrant species occur in China (8. sinensis*, . coggini*) and
the Philippines (S, clementis*). - Three species have been found in
the Bombay Presidency and Travancore, one of which (8. bombay-
ensis®) extends its range eastwards to Mysore and westwards
acrogs the Indian Ocean to Natal,

12, Spongilla indica*, Annandale.

Spongilla indice, Ammandale, Rec. Ind. Mus, i, p. 25, figs. 1, 2
(1908). :

Sponge forming a very thin layer, of a bright green or pale grey
colour ; surface smooth, minutely hispid; pores and oscula incon-
spicuous, the latter approached in some instances by radiating
furrows ; subdermal cavity small ; texture compact, rather hard.

Stkeleton incoherent, somewhat massive owing to the ‘large
number of spicules present. Spicules forming triangular meshes
and occasionally arranged in vertical lines several spicules broad
but without spongin. :

Spicules. Skeleton-spicules straight or nearly straight, slender,
eylindrical, amphistrongylous, uniformly covered with minuté,
sharp spines; flesh-spicules slender, sharply pointed, straight or
curved, irregularly covered with relatively long, straight sharp
spines, abundant in the dermal membrane, scarce in the substance
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of the sponge. Gemmule-spicules short, stout, sausage-shaped,
covered with minute spines, which are sometimes absent from the
extremities. ; e o i i :

| Gemmules spherical, somewhat variable in size, with a single
~aperture, which is provided with a trumpet-shaped foraminal
tubule and is situated at one side of the gemmule in its natural
position; the inner chitinous coat devoid ‘of spicules, closely
_covered by an outer coat composed of a darkly coloured chitinoid
substance in which the gemmule-spicules are embedded, lying
parallel or almost parallel to the inner coat. The outer coat
forms a kind of mantle by means of the skirts of which the
gemmule is fastened to the support of the sponge. This coat is

Fig, 17.—Gemmule of Spongilla indica seen from the side
(from type specimen), magnified.
pierced by the foraminal tubule. The gemmules are distinet From
one another. |

Average length of skeleton-spicules .... 0:2046 mm.
»  breadth of skeleton-spicules .... 00172
»  length of flesh-spicules ........ 0058 .,
s breadth of flesh-spicules........ 00053
' »  length of gemmule-spicules .... 0044
»»  breadth of gemmule-spicules .... 0:0079 ,,

8. dndica is closely allied to S, sumatrana®, Weber, which has
been found both in the Malay Acchipelago and in East Afriea.
It may be distinguished by its blunt, almost truncated megascleres
and comparatively slender gemmule-spicules.

Tyer in the Indian Museum, ‘

Hapreaw; ebe.—Growing, together with S, cinerea and Corvo-
spongilla lapidosa, on the stone sides of an artificial conduit in the
R. Godaveri at Nasik on the eastern side of the Western Ghats
in the Bombay Presidency. The water was extremely dirty and
was used for bathing purposes. The sponge was green where

-
-
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the light fell upon it, grey where it W&s in the shadow of the
bridge under which the conduit ran. The only specimens I have

aeen were taken in November, 1907. "
¥ ! ‘ ®.

13. Spongilla bombayensis, Carter. (Plate 11, fig. 2.) ;

Spongilla bombayensis, Carter, Ann. Nat. Hist. (8) x, p. 369, pl. xvi,
e, 1.6 (1860, . ‘ Q (e

Spongilla bombayensis, Annandale, Zool, Jahrb., Syst. xxvii, p. 562, =
figs. B, C (1909). i b

Sponge hard but friable, forming thin layers or cushions; its
surface often irregular but without a trace of branches ; its area.

never very great; oscula inconspicuous; external membrane
adhering closely to the sponge; colour brownish or greyish.

Fig, 18, —CGemmule of Spongilla bombuyensis as seen from above
i (from type specimen), magnified,

Skeleton almost amorphous, very dense, consisting of large
numbers of spicules arranged irregularly ; radiating fibres occa-
sionally visible in sections, but almost devoid of spongin; a more
or less definite reticulation of horizontal spicules lying imme-
diately under the external membrane.

Spicules, Skeleton -spicules slender, pointed, feebly curved,
irregularly roughened or minutely spined all over the surface.
Flesh-spicules straight, narrowly rhomboidal in outline, sharply
pointed, slender, covered with minute, irregular, straight spines,
scanty in the parenchyma, abundant in the external membrane.
Gemmule-spicules sausage-shaped or bluntly pointed, variable in
length but usually rather stout, covered with minute spines, as a
rule distinetly curved.

Gemmudes round or oval, firmly adherent * to the base of the
sponge, as a rule rather shallowly dome-shaped, covered by two

* The outer covering by means of which the gemmule is fised is not formed
until the other structures are complete. In young sponges, therefore, free
gemmules may often be found.
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thick chitinous membranes, in each of which there is & dense
horizontal layer of spicules; no granular or cellular covering ;
the two chitinous coats separated by an empty space; the aper-
ture or apertures on the side of the gemmule in its natural
‘position, provided with foraminal tubules, which may be either
straight or curved, project through the outer chitinons membrane
and offen bend down towards the base of “the gemmule, The

_spicules of the outer layer often more irregular in outline and
less blunt than those of the inner layer.

~ This sponge is allied to &. indica, but is distinguished among
other characters by its sharp skeleton-spicules and by the fact
that the gemmule is covered by two chitinous membranes instead
of one. il ;
Iypr in the British Museum; a fragment in the Indian
Museun. . '
GroarAPHIOAL Distrisurion.—S. and W. India and 8. Africa.
Carter’s type was found in the island of Bombay, my own speci-

* mens in Igatpuri Lake in the Western Ghats. 1 have recently

October 1910) found sponges and bare gemmules attached to
: i g

_stones at the end of a tank about 10 miles from Bangalore (Mysore

State) in the centre of the Madras Presidency. Prof. Max Weber
obtained specimens in Natal. \ el :
Bioroay.—The specimens collected by Prof. Weber in Natal

and those collected by myself in the Bombay Presidency were
both obtained in the month of November. 1t is therefore very
interesting to compare them from a biological point of view.
In so doing, it must be remembered that while in 8. Africa
November is near the beginning of summer, in India it is at the
beginning of the * cold weather,” that is to say, both the coolest
and the driest season of the year. The lake in which my gpeci-
mens were ohtained had, at the time when they were collected,
already sunk some inches below its highest level, leaving bare
a gently sloping bank of small stones. Adhering to the lower
surface of these stones T found many small patches of Spongille
bombayensis, quite dry but complete so far as their harder parts
were concerned and with the gemmules fully formed at their base.
From the shallow water at the edge of the lake I took many
gimilar stones which still remained submerged. It was evident
that the sponge had been just as abundant on their lower surface
as on that of the stones which were now dry; but only the
geminules remained, sometitnes with a few skeleton-spicules
adhering to them (PL II, fig. 2). The bulk of the skeieton had
fallen away and the parenchyma had wholly perished. In a few
instances a small sponge, one or two millimetres in diameter,
had already been formed among the gemmules ; but these young

« sponges appeared to belong to some other species, possibly Spongilla

indica, which was also common in the lake. '
Carter’s specimen of S. bombayensis, which was evidently in
much the same condition as those I found still submerged a

| SPONGILLA. 1 o e
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‘month later, was taken in October in a disused quarry. It was

surrounded by a mass of S, carteri three inches in diameter, and

was attached to a herbaceous annual:’ The point on the edge of

the quarry at which this plant grew was not reached by the .

water until July, It is therefore necessary to assume that the
gemmules of S. bombayensis had been formed between July and
October. Probably thé larva of the sponge had settled édown
on the plant during the ¢ rains "-—which commence in Bombay .
about the beginning of June—and had grown rapidly, The pro-
duction of gemmules may have been brought about owing to the
sponge being choked by the more vigorous growth of &. carteri, a
species which grows to a considerable size in a comparatively
short time, while 8. bombayensis apparently never reaches a thick- .
ness of more than a few millimetres.

The manner in which the gemmules of 8. bombayensis are
fastened to the solid support of the sponge must be particularly
useful in enabling them to sprout in a convenient environment as
soon as the water reaches them. The fact that the gemmules
remained fixed without support renders it unnecessary for the
skeleton ‘to persist as a cage containing them (or at any rate a

. proportion of them) during the period of rest.

Prof. Weber’s specimens of 8. bombayensis were collected in a
river, apparently on stones or rocks, towards the beginning of the
8. African summer. They contain comparatively few gemmules
and were evidently in a vigorous condition as regards vegetative
growth. Unfortunately we know nothing of the seasonal changes
which take place in freshwater sponges in 8. Africa, but the dif-
feremce between these cbanges in Europe and in India shows that
they are dependent on environment as well as the idiosyncrasy
of the_ species. It is very interesting, therefore, to see that the
condition of sponges taken in 8. Africa differs so widely from
that of other individuals of the same species taken in India at the
same season. ‘

In Prof. Weber's specimens I have found numerous small
tubules of inorganic débris. These appear to be the work of
Chironomid larvee, of which there are several specimens loose in
the bottle containing the sponges, Other tubules of a very similar
appearance but with a delicate chitinoid foundation appear to be
the remains of a species of Plumatella of which they occasionally
contain a statoblast.

14, Spongilla ultima®*, Annandale. (Plate 1I, fig. 8.)
Spongilla wltima, Ahnandale, Rec. Ind, Mus. v, p. 81 (1910).

Sponge hard and strong, forming a thin layer on solid objects,
of a pale green colour (dry); the oscula small but rendered con-
spicuous by the deep radiating furrows that surround them ;
external surface of the sponge rough but not spiny.
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Steleton foming a ‘con‘m‘”ipact hut ; somewhat irregtilax- reticula-
tion in which the radiating fibres are not very much more distinet
than the transverse ones ; a considerable amount of almost colour-

. less spongin present,

Spicules. Skel ton~spicu}es”emooth, stb,ut,‘amphioxaua, a8 a rule
straight or nearly straight, not infrequently inflated in the middle

'\ or otherwise irregular. No flesh-spicules, Gemmule-spicules
. - variable in size, belonging to practically every type and exhibiting

ractically every abnormality possible in the genus, the majority

yeing more or less sausage-shaped and having a ronghened surface,
but others being cruciform, spherical, subspherical, rosette-like,
- needle-like, bifid or even trifid at one extremity. L

Fig. 19.—8picules of Spongilla uitima (from type specimen), X 120.

Genvmules adherent, spherical, large, each covered by two dis-
tinet layers of horizontal spicules; the oufer layer intermixed
with skeleton-spicules and often containing relatively large
‘siliceous spheres, a large proportion of the spicules being irregular
in shape; the spicules of the inner layer much more regular and
as a rule sausage-shaped. The outer layer is contaned in a
chitinous membrane which spreads out over the base of the sponge.
The foraminal tubules are short and straight.

This sponge is allied to S. bombayensis, from which it is distin-
guished not only by the abnormal characters of its gemmule-
spicules and the absence of flesh-spicules, but also by the form of
itd skeleton-spicules and the structure of its skeleton. I have
examined several specimens dry and in spirit ; bot S, wliima is
the only Indian freshwater sponge, except Corvospongilla bur-
maniea, I have not seen in a fresh condition.

Tyrrs in the Indian Museum; co-types at Trivandrum,

Hasirar, Discovered by Mr. R, Shunkara Narayana Pillay, of
the Trivandrum Museum, in a tank near Cape Comorin, the
gouthernmost point of the Indian Peninsula,
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Genus 2, PECTISPONGILLA, dnnandale,
Pectispongilla, A;\xnaﬁdale, Rec. Ind, Mus, iii, p. 108 (1909).

Tyep, Pectispongilia aurea, Annandale. i i
The structure of the sponge resembling that of Eugzmgilla
or Lphydatia ; but the gemmule-spicules bear at either end, ab one

side only, a double vertical row of spines, so that they appear

when viewed in profile like a couple of combs joined tpgther' by

~ a smooth bar.

i
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Fig. 20.—Cemmule and spicules of Pectispongilla awrew {type specimen).
a, Skeleton-spicules; &, gemmule-spicules; &/, a single gemmule-
« spicule more highly magnified,

GroararnIcAL DIsTRIBUTION.—The genus is monotypic and is
only known from Travancore and Cochin in the south-west of the
Indian Peninsula.

15, Pectispongilla aurea®, Annandale.

Pectispongilla aurea, Annandale, op. e, p. 103, pl. xii, fig. 2.

Sponge forming minute, soft, cushion-like masses of a decp
golden colour (dull yellow in spirit) ; the surface smooth, minutely
hispid.  One relatively large depressed osculum usually present in
each sponge; pores inconspicuous; dermal membrane in close
contact with the parenchyma.

Skeleton consisting of slender and feebly coherent radiating
fibres as a rule two or three spicules thick, with single spicules or
ill-defined transverse fibres running horizontally. Towards the
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~ external surface transverse spicules are numerous, but they do not
form any very regular structure. LR R IR
Spicules, Skeleton-spicules smooth, sharply pointed, straight
or nearly so. Gemmule-spicules minute, with the stem s?nootvh
and cylindrical, relatively stout and much longer than the/ comb
at either end ; the two combs equal, with a number of minute,
irregiilarly scattered spines between the twor outer rows of stouter
~ones. No free microscleres. o L
Gemmules minute, spherical, with a single aperture, which 1is
provided with a very short foraminal tubule: the granular coat
well developed ; the spicules arranged in a slanting position, but
more nearly vertically than horizontally, with the combs pointing
in all directions; no external chitinous membrane.

Length of skeleton-spienle. ... ...v..s 0:2859 mm.
Greatest‘di&meter of skeleton-spicule .. 0:014
Length of gemmule-spicale ...c. ... 0-032-0:036 mm.
Length of comb of gemmule-spicule .. .. 0:008 mm.
Greatest diameter of shaft of gemmule-

st L DR e A 000+ .\,
Diameter of gemmule......... Ceveis. 0:204-0-221 mm.

The gemmule-spicules first appear as minuté, smooth, needle-
like bodies, which later become roughened on one side at either
end and so finally assume the mature form. There are no bubble-
cells in the parenchyma. '

15 a. Var. subspinosa®, nov.

This variety differs from the typical form in haying its skeleton
spicules covered with minute irregular gpines or conical pro-
jections. i

Typns of both the typical form and the variety in the Indian
Museum ; co-types of the typical form in the Trivandrum
Museum, ' ‘

GroararrIcAL DistriBuTION.—The same as that of the genus.
Localities -—Tenmalai, at the base of the western slopes of the W,
Gihats in Travancore (typical form) (Annandule) 5 Ernakunlam and
Trichur in Coehin (var, subspinosa) (¢ Muthai).

Broroty.—My specimens, which were taken in November,
were growing on the roots of trees at the edge of an artificial pool

by the roadside. They Were in rather dense shade, bubt their
brilliant golden colour made them conspicuous objects in spite
of their small size. Mr. Mathai’s specimens from Cochin were
attached to water-weeds and to the husk of a cocoanut that had
fallen or been thrown into the water. ‘
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Grenus 3. EPHYDATIA, Lamourous.

Liphydatia, Lamourous, Hist. des Polyp. corall. flex.* p. 6 (fide
Weltner) (1816). ' L
Liphydatia, J, Y, Gray, P. Zool, Soc, London, 1867, p, 560,
Lrachyspongilla, Dybowsky (partim), Zool. Anz. i, p. 3 (1874).
Meyenia, Carter ( partim), Ann, Nat. Hist. (5) vii, p. 90 (188]&,
Carterella, Potts & Mills ( partim), P. Ac. Philad. 1881, p. 160, =
Ephydatie, Vejdoysky, Abh, Bihm, Ges. xii, p. 28 (1883), i
| Meyenia, Potts ( partim), ibid, 1887, p. 210. ;
Canrterella, id. ( partim), 1bid. 1887, p. 260, , |
Ephydatia, Weltner (paréim), Arch. Naturg, 1xi (i), f 121 (1896),
Lphydatia, Annandale, P, U.S, Mus. xxxvii, p. 404 (1909). )

Txrg, (V) Spongilla fluviatilis, auctorum. -

This genus is separated from Spongilla by the structure of the
gemmule-spicules, which bear at either end a transverse disk with
serrated or deeply notched edges, or at any rate with edges that
are distinctly undulated. The disks are equal and similar. True
flech-spicules are usually absent, but more or less perfect
birotulates exactly similar to those associated with the gemmules
are often found free in the parenchyma. The skeleton is never
very stout and the skeleton-spicules are usually slender..

As has been already stated, some authors consider Ephydatia
as the type-genus of a subfamily distinguished from the subfamily
of which Spongilla is the type-genus by having rotulate gemmule-
spicules. The transition between the two genera, however, is a
very casy one. Many species of the subgenus Huspongilla, the
typical subgenus of Spongilla (including 8. lacustris, the type-
species of the genus), have the spines at the ends of the gemmule-
spicules arvanged in such a way as to suggest rudimentary
rotules, owhile in the typical form of 8. erateriformis this
formation is so distinet that the species has hitherto been placed
in the genus Ephydatia (Meyenia), although in some sponges that
agree otherwise with the typical form of the species the gemmule-
spicules are certainly not rotulate and in none do these spicules
bear definite disks.

GEOGRAPHICAT DISTRIBUTION.— Ephydatia, except Spongilla, is
the most generally distributed genus of the Spongillide, but in
most countries it is not prolific in species. In Japan, however,
it appears to predominate over Spongilla. Only one species is
known from India, but another (Z. blembingia*, Xvans) has been
described from the Malay Peninsula, while Weber found both
the Indian species and a third (E. bogorensis*) in the Malay
Archipelago. iy ‘ j

16. Ephydatia meyeni* (Carter).

Spongilla meyeni, Carter, J. Bomb. Asiat. Soc. iii, p. 83, pl. i,
fig. 1, & Apn. Nat. Hist. (2) iv, p. 84, pl, iii, fig. 1 (1%49).

Spongilla meyeni, Bowerbank, P. Zool. Soc. London, 1863, p. 448,
pl. xxxviii, fig. 4.

Spongille meyeni, Caxter, Ann, Nat. Hist. (5) vii, p. 98 (1881).
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- fiphydatia fluvietelis, Weber, Zool. Ergeb. Niederlind. Ost-Ind. i.
pp. 82, 46 (1890). b _
Ephydatia miitlers, Weltner (partim), Arch. Naturg, 1xi (i),
. p. 125 (1895), : j ‘
Ephydatia robusta, Annendale, J. Asiat.Soe. Bengal, 1907, p. 24, fig.7.
 Ephydatia miilleri subsp. meyens, id., Rec. Ind. Mus. i, p. 306 (1908).

Sponge hard and firm but easily torn, usually of a clear white,
sometimes tinged with green, forming irregular shests or masses
never of great thickness, without branches but often with stout
subguadrate projections, the summits of which are marked with
radiating grooves ; the whole surface often irregularly nodulose
and deeply pitted ; the oscula inconspicuous; the 'membrane
‘adhering closely to the parenchyma. e parenchymae contains
numerous bubble-cells (see p. 31, fig. 2). ‘

Stkeleton dense but by no means regular; the radiating fibres
distinet and containing a cousiderable amount of spongin, at any
rate in the outer part of the sponge; transverse fibres hardly
distinguishable, single spicules and irregular bundles of spicules
taking their place, ‘

I Xf{z}} -

Fig. 21.—Gemmule and spicules of Ephydatia meyeni (from Calcutta).
a, Skeleton-spicules; &, gemmule-spicules,

Spicules. Skeleton-spicules entirely smooth, moderately stout,
feebly curved, sharply pointed. No flesh:spicules, Glemmule-
spicules with the shaft as a rule moderately stout, much longer
than the diameter of one disk, smooth or with a few stout,
straight, horizontal spines, which are frequently bifid or trifid;
the disks flat, of considerable size, with their margins cleanly and
deeply divided into a comparatively small number of deep, slender,
triangular processes of different sizes ; the shafs extending not at
all or very little beyond the disks. _

Gemmules spherical, usually numerous and of rather large size ;
each covered by a thick layer of minute air-spaces, among which the
gemmule-spicules are arranged vertically, often in two or even
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three concentric series; a single short forgminal tubule; the
pneumatic coat confined externally by a delicate membrane, with
small funnel-shaped pits over the spicules of the outer series. =

I think that the gemmules found by me in Bhim Tal and

assioned to Potts's Meyenia robusta belong to this species, but

some of the spicules are barely as long as the diameter of the
disks. In any case Potts’s deseription is so short that the status of
his species is doubtful. His specimens were from N. America.

E. meyeni 1s closely related to the two commonest Holarctic
species of the genus, £, fluviatilis and E. miilleri, which have been
confused by several authors including Potts.  From K. fluviatilis
it is distinguished by the possession of bubble-cells in the paren-
chyma, and from #. millers by its invariably smooth skeleton-
spicules and the relatively long shafts of its gemmule-spicules.
The latter character is a marked feature of the specimens from
the Malay Archipelago assigned by Prof. Max Weber to #.
Awviatilis ; 1 am indebted to his kindness for an opportunity of
examining some of them.

! Typg in the British Museum; a fragment in the Indian

Museum,. :
GroerAPHICAL DistrisumioN,—India and Sumatra.  Loca-

lities :—Bunaaxr, Caleutta and neighbourhood = (Amnandale) ;
Mapras Prusinexoy, Cape Comorin, Travancore (Z'rivandrum
Mus.) : Bomeay Prusipeycy, Island of Bombay (Carter) : Hima-
1AYAS, Bhim Tal, Kumaon (alt. 4,600 feet) (dnnandale).
Broroay.—My experience agrees with Carter's, that this
species is never found on floating objects but always on stones
or brickwork. Tt grows in the Caleutta *tanks” on artificial

stonework at the edge of the water, together with Spongille

carters, S. alba, 8. fragilis subsp. caleuttana, and Trochospongilla
latouchnana. Tt flourishes during the ' cold weather and often
occupies the same position in succeeding years, In this event the
sponge usually consists of a dead base, which is of a dark brownish
colour and contains no cells, and a living upper layer of a whitish

colour.
The larva of Sisyra indica is sometimes found in the canals, but

the close texture of the sponge does not encourage the visits of
other incole.

Grenus 4, DOSILIA, Gray.
Dosilia, J. E. Gray, P. Zool. Soe. London, 1867, p, 550.

Tyer, Spongilla plimosa, Carter.

This genus is distinguished from Hphydatia by the nature of

the free microscleres, the mieroscleres of the gemmule being
milar in the two genera.  The free microscleres consist as
rule of several or many shafts meeting together in several or

many planes at a common centre, which is usually nodular. The

free ends of these shafts often possess rudimentary rotule.
Qceasionally a free microsclere may be found that is a true

monaxon and sometimes such spicules are more or less distinctly
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birotulate. ~The skeleton is also characteristic. It consists
mainly of radiating fibres which bifurcate frequently in such a
way that a bush-like structure is produced. = Trangverse fibres
are very feebly developed and are invisible to the naked eye.
Owing to the structure of the skeleton the sponge has a feathery

. appearance, ‘

Gty originally applied the name Dosiliw to this sipecies and to
“ Spongilla” bailey:, Bowerbank. It is doubtful how far his
generic description applies to the latter, which I have not seen ;
but although the position of * Spongilla” baileyi need not be
discussed here, I may say that I do not regard it as a con-
gener of Dosilia plumosa, the free microseleres of which are of
a nature rare but mot unique i the family. With Dosilia

plumosa we must, in any case, associate in one genus the two

forms that have been described as varieties, viz., palmeri*, Potts
from Texas and Mexico, and browint*, Kirkpatrick from the White
Nile. By the kindness of the authoritiés of the Smithsonian
Institution and the British Museum I have been able to examine
specimens of all three forms, in each case identified by the author

~of ‘the name, and I am inclined to regard them as three very

closely allied but distinet species. Species with free microsclerss
similar to those of these three forms but with heterogeneous or
tubelliform gemmule-spicules will probably need the ereation of a
new genus or new genera for their reception.

Grograrrioar Distrisurion—The typical species oceurs in
Bombay and Madras ; D. palmeri has probably an extensive range |
in the drier parts of Mexico and the neighbouring States, while
D. browini has only been found on the banks of the White Nile
above Khartoum, in Tropical Africa.

17. Dogilia plumosa® (Cwrter).
Spongilla plumosa, Carter, J. Bomb, Asiat. Soc. iii, p. 84, ph o,
fig. 2, & Ann. Nat, Hist, (2) iv, p. 85, pl, iii, fig, 2 (1849),
Spongilla  plumosa, Bowerbank, P. Zool, Soc. London, 1863,
p. 449, pl. xxxviii, fig. 6.7 ‘
Dosilia plumosa, J, 1. Gray, tbid, 1867, p. 651,
Meyenia plumosa, Carter, Ann. Nat. Hist. (5) vii, p. 94, pl. v, fig, 6
(1881), : :
Meyenia plumosa, Potts, P. Ac, Philad, 1887, p, 233
Ephydatic plumosa, Weltner, Arch. Natwrg, Ixi (1), p. 126 (1895),
w  Ephydatia plemosa, Petr, Rozp, Ceske Al Praze, Trida ii, pl. ii,
figs. 29, 80 (text in Czech) (1899). A

Sponge forming soft irregular masses which are sometimes as
much as 14 cm. in diameter, of a pale brown or brilliant green
colour; no branches developed but the surface covered with
irregular projections usually of a lobe-like nature, et

Sheleton delicate, with the branches diverging widely, exhibiting
the characteristic structure of the genus in a marked degree,
containing a considerable amount of chitin, which renders it
resistant m spite of its delicacy.
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 Spicules. Skeleton -spicules s‘moot‘h", “ ‘sh‘arply' ﬁoihtéd, ‘iiéa‘t‘iy“ b

straight, moderately slender, about. twenty times as lon; as their
greatest transverse diameter. Flesh-spicules occasionally amphi-
oxous or birotulate and with a single shaft, more frequently con-
sisting of many shafts meetingin a distinet central nodule, whichis
itself smooth ; the shafts irregularly spiny, usually more or less

# X

"y
h e
NIy
A i e
(A S

A. ‘ B.
Fig. 22.——Dosilia plumosa.

A = microscleres, % 240 ; B = gemmule as seen in optical section
from below, X 70,  (Krom Rambha.)

nodular at the tip, which often bears a distinct cirele of recurved
spines «that give it a rotulate appearance. Gemmule-spicules
with long, slender, straight shafts, which bear short, slender,
straight, horizontal spines sparsely and irregularly secattered
over their surface; the rotule distinctly convex when seen in
profile ; their edge irvgularly and by no means deeply notched ;
the shafts not extending beyond their surface but clearly seen
from above as circular umbones. i
Gemmules. Somewhat depressed, covered with a thick granular
pneumatic coat, in which the spicules stand erect; the single
aperture depressed. Fach gemmule surrounded more or less
distinctly by a circle or several cireles of flesh-spicules,
Tyre in the British Museum ; some fragments in the Indian
Museum. Sl
GroeraruioAL DistriBurioN.—Bombay and Madras. Carter's
specimens were taken in the island of Bombay, mine at Rambha
in the north-east of the Madras Presidency. I have been unable
to discover this species in the neighbourhood of Caleutta, but
it is apparently rare wherever it occurs. '
Brorogy.—Carter writes as regards this species :—¢ This is the
coarsest and most resistant of all the species. As yet I have only
found three or four specimens of it, and these only in two tanks,
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T have never seen it fixed on any solid body, but always ﬁo’at‘,ingu

on the surface of the water, about a month after the first heavy
rains of the S.W. monsoon have fallen. Having made its

© appearance in that position, and baving remaied there for
upwards of a month, it then sinks to the bottom, That it grows

like the vest, adherent ‘to the sides of the tank, must be inferred

. from the first specimen which 1 found (which exceeds two feet in
circumference) having had a free and a fixed surface, the latter
coloured by the red gravel on which it had grown. I have noticed

it growing, for two successive years in the month of July, on the

- surface of the water of one of the two tanks in which I have

found it, and would account for its temporary appearance in that
position, in the following way, viz., that soon after the first rains

" have fallen, and the tanks have become filled, all the sponges in

them appear to undergo a partial state of putrescency, during

which gas is generated in them, and accumulates in globules in

their structure, through which it must burst, or tear them from
their attachments and force them to the surface of the water,
Since then the coarse structure of plumose wounld appear to offer

. greater resistance to the escape of this air, than that of any of

the other species, it is probable that this is the reason of my .
having hitherto only found it in the position mentioned.”

It seems to me more probable that the sponges are actually
broken away from their supports by the violence of the rain and
retain air mechanically in their cavities. The only specimens of
D. plumosa that I have seen alive were attached very loosely to
their support. In writing of the ‘ coarse structure” of this
species, Carter evidently alludes to the wide interspaces between
the component branches of the skeleton,

My specimens were attached to the stem of a waber-lily
growing in a pool of slightly brackish water and were of a
brilliant green colour. I mistook them at first for specimens of
8. lacustris subsp. reticulate in which the branches had not
developed normally. They were taken in March and were full
of gemmules. The pool in which they were growing had already

begun to dry up.

Genus 5. TROCHOSPONGILLA, Vejdousky.

Trochospongilia, Vejdovsky, Abh. K, Bohm. Ges. Wiss. xii, p. 81

. (1883). -

%rgcﬁospongﬂla, Wierzejski, Arch. Blaves de Biologie, i,p. 44 (1886).
- Trochospongilla, Vejdoveky, P. Ac. Philad. 1887, p. 176,

Meyenia, Potts ( partim), toid, p. 210

Tubella, id. ( partim), ébid,, p. 248,

Meyenia, Carter %@amm),. nn, Nat. Hist. (5) vii, p. 90 (1881),

Trochosg)owgillc;, eltner, in Zachariag’s Tier- und Pflanzenwelt, 1

. 216 (1801), . :
TrgchO3pmyilla, ¢d., Arch. Naturg. Ixi (1), p. 120 (1895).
Tubella, id. ( partim), tbid. p. 128,

Tyen, Spongilla erinaceus, Ehrenberg.
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the gemmule-spicules, which are homogeneous, have smooth instead
of serrated edges. Their stem is always short and they are
usually embedded in a granular pneumatic coat. The sponge is

small in most of the species as yet known; in some species

microscleres without rotulw are associated with the gemmules.
0 i O

| @
@ al
)

Fig. 28.—A =skeleton-spicule of 'Trochospongilla latouchiona A':gemmulp.

spicule of the same species ; B= gemmule of 1. philloitiane as seen in

optical section from above ; B'=skeleton-spicule of same species: A
AL B x 240; B x 75, All specimens from Caleutta.

y

I think it best to include in this genus, as the original
diagnosis would suggest, all those species in which all the
gemmule-spicules are definitely birotulate and have smooth edges
bo their disks, confining the name Twbella to those in which the
upper rotula is reduced to a mere knob. Even in those species
in which the two disks are mormally equal, individual spicules
may be found in which the equality is only approximate, whils,
on the other hand, it is by no means uncommon for individual
spicules in such species as *“ Tubella” pennsylvanica, which is here

The characteristic feature of this genus is that th“aw rotulségofw

included in Zvochospongille, to have the two disks nearly equal,

although normally the upper one is much smaller than the lower,
There is very rarely ary difficulty, however, in seeing at a glance
whether the edge of the disk is smooth or serrated, the only
species in which this difficulty would arise being, so far as I am’

aware, the Australian Hphydatia capewelly* (Haswell), the disks of
which are undulated and nodulose rather than serrated. ‘

Gmoerarnrcar DisrrrgurioN.—The genus includes so large a

proportion of small, inconspicuous species that its distributien is
vrobably known but imperfectly. It would seem to haveits head-

quarters in N. America but also oecurs in Burope and Asia..

In India three species have been found, one of which (7. pennsyl-

vanice) has an extraordinarily wide and ap’iaren‘tly discontinuous .

range, being common in N. America, and having been found in
the west of Ireland, the Inner Hebrides, and near the west coast
of 8. India, The other two Indian species are apparently of not
uncommon oceurrence in eastern India and Burma.
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i Key to the Indion Specieé of Trqcbdapbngﬂla.
I. Rotules of the gemmule-spicules eQua,l o

nearly 8o, ; I e
A. Slkeleton-spiculessmooth, usually pointed latouchiana, p. 115.

| B. Skeleton-spicules spiny, blunt . ....... phillottiana, p. 117,

1L U__Pper rotule of the gemmule -spicules | i
“distinetly smaller than the lower, ‘ Ll
Bkeleton.spicules spiny, pointed . . ... ..., . pennsylvanica, p. 118.

18. Trochospongilla latouchiana®, dnnandale,

Trochospongilia latouchiana, Avnandale, J. Asiat, Soc. Beng'tﬂ,‘ 1907,
P 21, fig, 5. ‘ i

Trochospongilla latouchiana, 1d., Ree. Ind. Mus. ii, p, 157 (1908).
Trochospongilla leidyi, id. (nee Bowerbanlk), dbid. iii, p. 103 (1909).

Sponge forming cushion-shaped masses rarely more than a few
centimetres in diameter or thickness and of a brown or yeilow

L oy * 30,
Fig. 24.—Trochospongilla latouchiana.

Vertioal section of part of skeleton with gemmules i sitw, x 30; also a single
; gemmule, X 70.  (From Calcutta),

colour, hard but rather brittle ; surface evenly rounded, minutely

hispid ; oscula inconspicuous, small, circular, depressed, very few in

number ; external membrane adhering closely to the parenchyma ;
12
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a chitinous membrane at the base of the sponge.  Larger
sponges divided into several layers by similar membranes.
Skeleton dense, forming a close reticulation ; radiating fibres
slender but quite distinct, running up right through the sponge, -
crossed at frequent intervals by single spicules or groups of
spicules. ; e
Spicules. Skeleton - spicules smooth, about twenty tinies as
long as the greatest transverse diameter, as a rule sharply
pointed ; smooth amphistrongyli, which are often inflated in the
middle, sometimes mixed with them but never in large numbers.
No flesh-spicules. Glemmule-spicules with the rotule circular or
slightly asymmetrical, flat or nearly flat, marked with a distinet
double circle as seen from above, sometimes not quite equal; the
shaft not projecting beyond them ; the diameter of the rotule
4} to 5 times that of the shaft, which is about 22 times as long
a8 broad. o
Gemmules small (02 x 0:18 mm.), as a rule very numerous and
scattered throughout the sponge, flask-shaped, clothed when
i mature with a thin microcell coat in which the birotulates are
arranged with overlapping rotule, their outer rotule level with
the surface ; foraminal aperture circular, situated on an eminence.

Average Measwrements.

Diameter of gemmule. . .. .. 0:2%018 mm.
Length of skeleton-spicule .. .. .. 028
Length of birotulate-spicule .... 0175 |,
Diameter of rotula .. ... Ll O

T. lgtouchiana is closely related to 7. leidyi (Bowerbank) from
N. America, but is distinguished by its much more slender skeleton-
spicules, by the fact ‘that the gemmules are not enclosed in
cages of megascleres or confined to the base of the sponge, and |
by differences in the structure of the skeleton,

Tyee in the Indian Museum. » :

GroerAPHIOAL DIsTRIBUTION. — Lower Bengal and TLower ' -
Burma.  Localities :— Baxear, Caleutta and neighbourhood
(Annandale) : Burma, Kawkareik, Amherst district, Tenasserim
(Annandale). : ;

Broroay.~—This species, which is.common in the Museum tank,
Calcutta, is apparently one of those that can grow at any time
of year, provided that it is well covered with water.  Like
7. leidyi it is capable of producing fresh layers of living sponge
on the top of old ones, from which they are separated by a
chitinous membrane. These layers are not, however, necessarily
produaced in different seasons, for it is often clear from the nature
of the object to which the sponge is attached that they must all
have been produced in a short space of time. What appears to
happen in most cases is this :—A young sponge grows on a brick,
the stem of a reed or some other object at or near the edge
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of a pond, the water in which commences to dry up. As the
sponge becomes desiceated its cells perish. Its gemmules ave,
however, retained in the close-meshed skeleton, which persists
without change of form. A heavy shower of rain then falls, and
' the water rises again over the dried sponge. The gemmules
‘germinate immediately and their contents spread out over the old
skeleton, secrete a chitinons membrane and begin to build up a
new sponge. The process may be repeated several times at the
change of the seasons or even during the hot weather, or after
/& “break in the rains.” If, howeyer, the dried sponge remains
exposed to wind and rain for more than a few months, it begins
to disintegrate and its gemmules are carried away to other
places. Owing to their thin pneumatic coat and relatively heavy
spicules they are not very buoyant. Even in the most favourable
circumstances the sponge of 7. latouchiana never forms sheets of
great area. In spite of its rapid growth it is frequently oyer-
grown by Spongilla carteri. i ‘

. 19, Trochospongilla phillottiana®, Annandale.

Trochospongilla phillottiana, Annandale, J. Asiat. Soc. Bengal, 1907,
pe 22, g, O,

Trochospongilla phillottiana, id., Ree. Ind. Mus. 3, p, 269 (1907).
T'rochospongiila phillottiana, id., dbid. ii, p. 167 (1908),

Spongs hard but friable, forming sheets or patches often of
great extent but never more than about 5 mmi. thick ; the surface
minutely hispid, flat; colour pale yellow, the golden-yellow
_gemmules shining through the sponge in a very conspicuous

. manner ; oscula inconspicuous ; external membrane adherent ;
no basal chitinous membrane. i i

Sleleton dense but by no means strong; the reticulation close but
produced mainly by single spicules, which form triangular meshes ;
radisting fibres never very distinct, only persisting for a short
distance in a vertical direction; each gemmule enclosed in an
open, irregular cage of skeleton-spicules.

Spicules. Skeleton-spicules short, slender, blunt, more or less
regularly and strongly spiny, straight or feebly curved. No flesh-
spicules. Gemmule-spicules with the rotuls civcular, very wide as
compared with the shaft, concave on the surface, with the shaft
rojecting as an umbo on the surface ; the lower rotula often a
litble large than the upper. ]

Gemmules numerous, situated at the base of the sponge in
irregular, one-layered patches, small (0:32x0264 mm.), of a
brilliant golden colour, distinctly wider than high, with a single
aperture situated on an eminence on the apex, each clothed (when
mature) with a pneumatic coat that contains relatively large but
irregular air-spaces among which the spicules stand with the
rotul® overlapping alternately, a funnel-shaped pit in the coat
descending from the surface to the upper rotula of each of them ;
the surface of the gemmule covered with irregular projections.
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Diameter of gemmule .... 0-32x0-264 mm. ‘

Length of skeleton-spicule'. ... .. L s
 Length of gemmule-spicule .... 0015 ,
Diametexj of votule ... 0022w

This species appears to be related to 7. pennsylvaniea, from
which it differs mainly in the form of its gemmule-spiculvs and
the structure of its gemmule. My original deseription was based
on specimens in which the gemmule-spicules were not quite mature,

Ty in the Indian Museum. o

GrogrAPHICAL DISTRIBUTION. — Lower Bengal and Lower
Burma.  Localities :—Bunaar, Caleutta (dnnandale) : Burma,
jungle pool near Kawkareik, Amherst district, Tenasserim
(dmnandale). i ‘

Bronoay,—This species covers a brick wall at the edge of the
Museum tank in Calcutta every year during the “rains.” In
the cold weather the wall is leff dry, but it is usually submerged
to a depth of several feet before the middle of July. It is then
rapidly covered by a thin layer of the sponge, which dies down
as soon as the water begins to sink when the “ rains » are over.
For some months the gemules adhere to the wall on aceount of
the cage of spicyles in which each of them is enclosed, but long
before the water rises again the cages disintegrate and the
gemmules are set free. Many of them fall or are carried by the
wind into the water, on the surface of which, owing to their
thick pneumatic coat, they float buoyantly. = Others are lodged in
cavities in the wall. On the water the force of gravity attracts
them to one another and to the edge of the pond, and as the
water rises they are carried against the wall and germinate. In
thick jnngle at the base of the Dawna Hills near Kawkareik + in
the interior of Tenasserim, I found the leaves of shrubs which grew

round a small pool, covered with little dry patches of the sponge, o

which had evidently grown upon them when the bushes were sub-
merged. This was in March, during an unusually severe drought.

20. Trochospongilla pennsylvanica, * (Potts).

Tubella pennsylvanica, Potts, P. Ac. Philad. 1882, p. 14, -
ngbelln pemnsyloanica, 4d., ibid. 1887, p. 251, pl. vi, g 25 pl x4,
8. 1-3.
Tubg;lla pennsylvanica, Mackay, Trans. Roy. Soc. Canada, 1889,
Sec. iv, p. 95. : )
Lubella pennsylvanica, Hanitsch, Nature, 1i, p. 511 (1895).
Tubella pennsylvanica, W eltner, Arch, Navurg, Ixi (1), p. 198 (1895).
Lubella pennsylvanica, Hanitsch, Trish Nataral, iv, é} 129 (1895),
2'2:117el(l)a)penmylvam'ca, Annandale, J. Linn. Soe,, Zool., XXX, p. 248
908). i ; ‘
Lubella pennsylvanica, id.; Rec. Ind, Mus, i, p. 102 (1909),
.'I’ugelgzg pennsyloania, id., P. US. Mus. xxsvii, p. 408, fig. 2
(1909); :

+ This locality is often referred to in zoological literature as Kawkaree! or
Kawkari?, or even Kokariz, |




~ Sponge soft, fragile, forming small cushion-shaped masses, grey
or green ; oscula few in number, often raised on sloping eminences
‘surrounded by radiating furrows below the external membrane ;
‘external membrane adhering to the parenchyma. | i
Shkeleton close, almost structureless. ¢ Surface of mature speci-
nens often found covered with parallel skeleton spicules, not yet
arranged to form cell-liké interspaces ” (Potls). j )
Spicules. Skeleton-spicules slender, cylindrical, almost straight,
sharp or blunt, minutely, nniformly or almost uniformly spined ;
' spines sometimes absent at the tips. No flesh-spicules. Gem-
mule-spicules with the lower rotula invariably larger than the
upper; both rotule flat or somewhat sinuous in profile, usually
‘cireular but sometimes asymmetrical or subquadrate in outline,
varying considerably in size. : , ;
Gemmules small, numerous or altogether absent, covered with a
granular pneumatic coat of variable thickness; the rotule of the
gemmule-spicules overlapping and sometimes projecting out of
the granular coat. ; ‘ ‘
The measurements of the spicules and gemmules of an Indian
specimen and of one from Lehigh Gap, Pennsylvania, are given
for comparison :—

Travancore. . Pennsylvania.
Liength of skeleton-spicules 0'189-0:242 mm, 0'16-0'21 mm.
(average 0:206 mm.) (average 0'195 mm.)
Breadth 5 5 0:0084- 0-01556 mm. 00084 mm,
Length of birotulate Gl 00126 ,, 0:0089
Diameter of upper rotula, . 00084 ,, 0:0084  ,,
i lower 00169 ', 00168 1 i
W gemmule .. 0:243-0'348 mm, 0:174-0'435 mm,

The spicules of the Travancore specimen are, therefore, a trifle
larger than those of the American one, but the proportions are
closely similar, ‘

The difference between the gemmule-spicules of this species
and those of such a form as 7. phillottiane is merely one of degree
and can hardly be regarded as a sufficient justification for placing
the two species in different genera, If, as 1 have proposed, we
confine the generic name Tubella to those species in which the
gemmule-spicules are really like “ little trumpets,” the avrange-
ment is a much more natural one, for these species have much in
common apart from the gemmule-spicules. 1. pennsylvanica does
not appear to be very closely related to any other known species
except 1%, phillottiana. ‘ : ‘

Tyex in the U.S. National Museum, from which specimens that
appear to be co-types have been sent to the Indian Museum,

GiroaraPHICAT DistrisurioN.— Very wide and apparently dis-
continuous :—N. America (widely distributed), Ireland (Hanutsch),
Hebrides of Scotland (Annandale), Travancore, 8. India (Annan-
dale).  The only Indian locality whence I have obtained specimens
is Shasthancottah Lake near Quilon in Travancore.

TROCHOSPONGILTA. .
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 Brorog¥.—In Shasthancottah Lake 7. penusylvanica is found '
on the roots of water-plants that are matted together.to form
floating islands. It appears to avoid light and can only be obtained
from roots that have been pulled out from under the islands.
In Scotland I found it on the lower surface of stones near the
edge of Loch Baa, Isle of Mull. In such circumstances the
sponge is of a greyish colour, but specimens of the variely
minima taken by Potts on rocks and boulders in Bear Lake,
Pennsylvania, were of a bright green, ‘ D
Sponges  taken in Travancore in November were full of
.gemmules ; in my Scottish specimens (taken in October) I can
find no traces of these bodies, but embryos are numerous. Hal

Genus 6. Tﬂ'BELLA, C’aﬁer.

Tubella, Carter, Ann, Nat, Hist. (5) vil, p. 96 (1881).
Tubella, Potus (partim), P, Ac. Philad, 1887, p. 248, ‘
Tubella, Weltner {partim), Arvch, Naturg. Ixi (i), p. 128 (1895).

Tyen, Spongilla paulula, Bowerbank.

This genus is distinguished from Ephydatia and Trochospongilla
by the fact that the two ends of the gemmule-spicules are unlike
not only in size,bub also in form. It sometimes happens that

 this unlikeness is not so marked in some spicules as in others, but
in some if not in all the upper end of the shaft (that is to say the

* end furthest removed from the inner coat of the gemmule in the
natural position) is reduced to a rounded knob, while the lower
end expands into a flat transverse disk with a smooth or denti-
culated edge. The spicule thus resembles a little trumpet resting
on its mouth. The shaft of the spicule is generally slender and
of congiderable length. The skeleton of the sponge is as a rule
distinetly reticulate and often hard; the skeleton-spicules are
either slender or stout and sometimes change considerably in
proportions and outline as they approach the gemmules.

GroerapmicAr DisrrisurioN.—The genus is widely distributed
in the tropies of both Hemispheres, its headquarters apparently
being in 8. America; but it is nowhere rich in species. Only two
are known from the Oriental Region, namely 7' vesparium * from
Borneo, and 7', vesparioides * from Burma. ‘

21. Tubella vesparioides *, dnnandale, (Plate I, fig. 4.)
Tubella vesparioides, Annandale, Rec. Ind, Mus, ii, p. 157 (1908)

Sponge forming rather thick sheets of considerable size, hard
but brittle, almost black in colour ; oscula inconspicuous ; external
membrane supported on o reticulate horizontal skeleton. =

Skeleton. 'The surface covered with a network of stout spicule~
fibres, the interstices of which are more or less deeply sunk, with
sharp fibres projecting vertically upwards at the nodes; the
whole mass pervaded by a similar vetwork, which is composed of
a considerable number of spicules lying parallel to one another,




5¢rl‘plpii§gf at the ends and boundtogethér by,h\profusé ‘Qggréfibiy,z\.‘ o
Esponge. L e L e

Pig. 25— Spicules of Tubella vesparieides (from type Apeoilneu). XL

Spicules. Skeleton-spicules. slender, smooth, awphioxous, bent
in a wide arc or, not infrequently, at an angle. No trae flesh-
spicules. Gtemmule-spicules terminating above in a rounded,
knob-like structure and below in a relatively broad, flat rotula,
which is very deeply and irregularly indented round the edge when
mature, the spicules at an earlier stage of development having the
form of a sharp pin with a round head ; shaft of adult spicules
_projecting slightly below the rotula, long, slender, generally armed
with a few stout conical spines, which stand out at right angles
toit.: : A : ‘

Gemmules numerons throughout the sponge, spherical, provided
with a short, straight foraminal tubule, surrounded by one row
of mpicules, which are embedded in a rather thin granular coat.

Average length of skeleton-spicule.... 0-316 mm.
! breadthof skeleton-spicule .. 0:0185 .,
. length of gemmule-spicule ., 0046 ,,
i dismeter ol robule Upe e 00162
i i gemnnnle 0Ll L 0d4E

This sponge is closely related to Zubella vesparium (v. Martens)
from Borneo, from which it may be distinguished by its smooth
skeleton-spicules and the deeply indented disk of its gemmule-
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spicules. The skeleton-fibres are also rvather less stout, By the
kindness of Dr. Weltner, I have been able to compare types of
the two species. ‘ :
Tyer in the Indian Museum. i
Haimar,—Taken at the edge of the Kanghyi (“ great pond ™)
at Mudon near Moulmein in the Amherst distriet of Tenagserim.
The specimens were obtained in March in a dry state and had
grown on Jogs and branches which had evidently been submerged
earlier in the year. The naue vesparium given to the allied species
on account of its resemblance to a wasps’ nest applies with almost
equal force to this Burmese form. :

Genus 7. CORVOSPONGILLA, nov.

Tyent, Spongilla loricata, Weltner.

Spongillide in which the gemmule-spicules are without a trace
of rotule and the flesh-spicules have slender cylindrical shafts
that bear at or near either end a circle of strong recurved spines.
The gemmule-spicules are usually stout and sausage-shaped, and
the gemmules resemble those of Stratospongille. in structure.
The skeleton is strong and the skeleton-spicules stout, both
resembling those of the « genus '’ Potamolepis, Marshall.

As in all other genera of Spongillide the structure of the
skeleton is somewhat variable, the spicule-fibres of which it is
composed being much more distinct in some species than in others.
The skeleton-spicules are often very numerous and in some cases
the skeleton is so compact and rigid that the sponge may be
described as stony. The flesh-spicules closely resemble the
gemmule-spicules of some species ot Hphydatia and Heteromeyenia.

GrograPAICAL Disrrrsurion.—The species of this genus are
probably confined to Africa (whence at least four are known) and
the Oriental Region, One has been recorded from Burme and
another from the Bombay Presidency,

Key to the Indian Species of Corvospongilla.

I, Gemmule with two layers of gemmule-
spicules; those of the inner layer not
markedly smaller than those of the outer. burmanica, p. 128,

11, Gemmule with two layers of gemmule-
spicules, the onter of which contains
spicules of much greater size than the
Tyner s Ol i e b e lapidosa, p. 124

1 Potte's Spongille, nove-terre from Newfoundland and N. America cannot
belong to this genus although it has similar flesh-spicules, for, as Weltner has

ointed out (op. cit. supra p, 126), the gemmule-spicules are abortive rotulsme.
This is shown very clearly in the figure published by Petr (Rozp. Ceske Ak,
Praze, Trida ii, pl. i, figs. 27, 28, 1899}, who assigns the species to Hateromeyenia.
Weltner places it in Zphydatia, and it seems to be a connecting link between
the two genera. It has been suggested that it is a hybrid (Traxler, Termes.
Fuzetek, xxi, p. 314, 1898).




22, Corvospongilla burmanica * (Kirkpatrick). (Plate I1, fig. 5.)

Spongilla loricata var. burmanicn, Kirkpatrick, Rec, Ind, Mus, ii,
p- 97, pl ix (1908). :

Spange forming a shallow sheet, hard, not very strong, of a pale
browilish colour ; the surface irregularly spiny ; the oscula small
but conspicuous, circular, raised on little turret-like emmences;
the external membrane adhering closely to the sponge. ‘

Steeleton, dense but by no means regular ; the network composed
~ largely of single spines; thick radiating fibres distinguishable in
the upper part of the sponge. '

Spreules. Skeleton-spicules smooth, not very stoutz,‘ amphi-

strongylous, occasionally a little swollen at the ends, often with one

or more fusiform swellings, measuring on an average about 0-27 |

% 0:0195 mm, = Flesh-spicules with distinet rotules, the recurved
spines numbering 4 to 6, measuring about } the length of the
spicules ; the shaft by no means strongly curved; their length
from 0:03-0045mm, Gemmule-spicules amphioxous, as a rule
distinetly curved, sometimes swollen at the ends, covered regularly
but somewhat sparsely with fine spines, not measuring more than
049 % 0-078 mm. ;

Gemmules strongly adherent, arranged in small groups, either
single or double ; ‘when single spherical, when double oval ; each
gemmule or pair of gemmules covered by two layers of gemmule-
spicules bound together in chitinous substance; the inner layer
on the inner coat of the gemmule, the outer one separated from it
by a space and in contact with the outer cage of skeleton-spicules ;
the size of the gemmule-spicules variable in both layers; external
to the outer layer a dense cage of skeleton-spicules; foraminal
tubule short, cylindrical.

This sponge is closely related to . loricata, Weltner, of which
Kirkpatrick regards it as a variety. ‘The main difference,” he
writes,  between the typical African form and the Burmese variety
consists in the former having much larger microstrongyles (83 x
. 167 p [0:83 x 0-157 mm.]) with larger and coarser spines;. . ...
- Judging from Prof. Weltner's sections of gemmules, these bodies
lack the definite outer shell of smooth macrostrongyles [blunt

skeleton-spicules, though this may not improbably be due to the

breaking down and removal of this layer, A further difference
coiisists in the presence, in the African specimen, of slender,
iriely spined strongyles [amphistrongyli], these being absent in
the Burmese form, though perhaps this fact is not of much
importance.”

Tyep in the British Museum ; a piece in the Indian Museum.

Hasyrar.—Myitkyo, head of the Pegu-Sittang canal, Lower

Burma (B. W. Qates). :

Brovogv.—The sponge had grown over a sheet of the polyzoon
Hislopia lacustris, Carter (see p. 204), remains of which can be
detected on its lower surface.

CORVOSPONGILLA, ‘ 128
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o “Mr. E.'W, Oates, who collected and presented the sponge,

writes that the specimen was found. encrusting the vertical and
horizontal surfaces of the bottom heam of a lock gate, where it
covered an area of six square feet. The beam had been tarred °
several times hefore the sponge was discovered. The portion of
the gate on which the sponge was growing was submerged from
‘November to May for eight hours a day ab spring tides, blit was
entirely dry during the six days of neap tides. From May to
October it was constantly submerged. The sponge was found in
April.  Although the canal is subject to the tides, the water at the
lock is always fresh. The colour of the sponge during life was.
the same as in its present condition.” |

93, Corvospongilla lapidosa * (Annandale).

Spongilla lapidosa Avmandale, Rec, Ind, Mus. ii, pp. 25, 26, figs. 3,
4, 5 (1908). i

The sponge forms a thin but extremely hard and resistant erust

the surface of which is either level, slightly concave, or distinctly

corrugated ; occasional groups of spicules project from it, but

their arrangement is neither so regular nor so close as is the case

in O, burmanica” The dermal membrane adheres closely to the

sponge. The oscula are small ; some of them are raised above the

general surface but not on regular turret-shaped eminences.

The colour is grey or black. There is a thick chitinous membrane
at the base of the sponge.

Tig. 26, Spicules of Corvospongitla lapidesa (from type specimen), X 240.

The skeleton is extremely dense owing to the large number of
spicales it contains, but almost structureless ; broad vertieal
~ groups of spicules occur but Jack spongin and only traverse a
small part of the thickness of the sponge; their position is
irregular.  The firmness of the skeleton is due almost entirely
to the interlocking of individual spicules. At the base of the
sponge the direction of a large proportion of the spicules is.
horizontal or nearly horizontal, the number arranged vertically
being much greater in the upper part, .
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_ Spicules. The skeleton-spicules are sausage-shaped and often
a little swollen at the ends or constricted in the middle. A large
proportion are twisted or bent in various ways, and a few bear
irregular projections or swellings. The majority, however, are
quite smooth. Among them a few more or loss slender, smooth
amphioxi occur, but these are probably immature spicules. The
length'and curvature of the amphistrongyli varies considerably, but
the average measurments are about 0-28 x 0-024 mm. The flesh-
spicules also vary greatly in length and in the degree to which
their shafts are curved. At first sight it seems to be possible to
separate them into two categories, one in which the shaft is about
0:159 mm. long, and another in which it is only 0:06 mm. or
even less; and groups of birotulates of approximately the same
length often occur in the interstices of the skeleton. Npicules of
all intermediate lengths can, however, be found. The average
diameter of the shaft is 0:0026 mm. and of the rotula 0:0106 mm.,
and the rotula consists of from 6o 8 spines. The gemmule-spicules
vary greatly in size, the longest measuring about 0:08 x 0-014 and
the smallest about 0:034 x 0007 or even less, There appears to
be in their case an even more distinet separation as regards size

than there is in that of the flesh-spicules; but here again inter-

mediate forms occur. They are all stout, more or less blunt, and
move or less regularly covered with very short spines; most of.
them are distinctly curved, but some are quite straight.

Gemmules. The gemmules are firmly adherent to the support of the
spouge, at the base of which they are congregated in groups of
four or more. They vary considerably in size and shape, many of
them heing asymmetrical and some elongate and sausage-shaped.
The latter consist of single gemmules and not of a pair in one
case. Extreme forms measure 0438 x 029 and 0-55 X 0:25, Each
gemmule is covered with a thick chitinous membrane in close
contact: with its wall and surrounding it completely, This mem-
brane is full of spicules arranged as in a mosai¢ ; most or all of
them belong to the smaller type, and as a rule they are fairly
uniform in size. Separated from this layer by a considerable
interyal is another layer of spicules embedded in a chitinous
membrane which is in continuity with the basal membrane of the
sponge. The spicules in this membrane mostly belong to the
larger type and are very variable in size mingled with them
are often a certain number of birotulate flesh-spicules,  The
méinbrane is in close contact with a dense ‘cage of skeleton-
spicules arranged parallel to it and bound together by chitinous
substance. The walls of this cage, when they are in contact
with those of the cages of other gemmules, are coterminous
with them. There is a single depressed aperture in the gemmules,
a8 a rule situated on one of the longer sides.

This sponge is distinguished from (. burmanica not only by
differences in external form, in the proportions of the spicules
and the structure of the skeleton, but algo by the peculiar nature
of the armature of the gemmule. The fact that birotulate spicules
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are often found in close association with them, is particularly
noteworthy. ‘ i

Tyee in the Indian Museum.

Groerapmioar Disrrisurion.—This sponge has only been
found in the Western Ghats of the Bombay Presidency. Locali-
ties :—Igatpuri Lake and the R. Godaveri at Nasik. ‘

Biorogy.—There is a remarkable difference in external form
between the specimens taken in Igatpuri and those from Nasik,
and this difference is apparently due directly to environment., In
the lake, the waters of which are free from mud, the sponges were
growing on the lower surface of stones near the edge. They
formed small crusts not more than about 5 e¢m. (2 inches) in
diameter and of a pale greyish colour. Their surface was flat or
undulated gently, except round the oscula where it was raised
into sharply conical eminences with furrowed sides. The speci-
mens from Nasik; which is about 80 miles from Igatpuri,
were attached, together with specimens of Spongilla cineres and
A. indica, to the sides of a stone conduit full of very muddy
running water. They were black in colour, fermed broad sheets
and were markedly corrugated on the surface. Their oscula were
not raised on conical eminences and were altogether most incon-
spicuous. The skeleton was also harder than that of sponges from
the lake.

In the lake O. lapidosa wns accompanied by the gemmules of
Spongilla bombayensis, but it is interesting that whereas the latter
sponge was entirely in a resting condition, the former was in full
vegetative vigour, a fact which proves, if proof were necessary,
that the similar conditions of environment do not invariably
bave the same effect on different species of Spongillide.

APPENDLX DOCENRT T
Fory or Unoprrary Position.
(Plate 1, fig. 4.)

On more than one oceasion I haye found in my aquariom in
Caleutta small sponges of a peculiar type which I am unable to
refer with certainty to any of the species described above. Fig. 4,
pl. T, represents one of these sponges. They are never more than
about a quarter of an inch in diameter and never possess more
than one osculum. They are cushion-shaped, colourless and sétt.
The skeleton-spicules are smooth, sharply pointed, moderately
slender and relatively 'large. They are arranged in definite
vertical groups, which project through the dermal membrane, and
in irregular transverse formation. Small spherical gemmules are
present bub have only a thin chitinous covering without spicules
or foramen. , i

These sponges probably represent an abnormal form of some
well-known species, possibly of Spengilla carteri. 1 have seen
nothing like them in natural conditions. ‘







INTRODUCTION TO PART II.

1.
Tre Payroy CarexreraTs AND THE CrAass Hyprozoa.

The second of the great groups or phyla into which the metazoa

are divided is the Ceelenterata, in which are included most of the

_animals commonly known as zoophytes, and also the corals,
sea-apemones and jelly-fish, These animals are distinguished

from the sponges on the one hand and from the worms, molluses,
avthropods, vertebrates, etc., on the other by possessing a central @

cavity (the ceelenteron or “hollow inside™) the walls of which
are the walls of the body and consist of two layers of cells
separated by a structureless, or apparently structureless, jelly:
This cavity has as a main function that of a digestive cavity.

An ideally simple eelenterate would not differ much in general
appearance from an olynthus (p. 27), but it would have no pores
in the body-wall and its upper orifice would probably he sur~

rounded by prolongations of the body-wall in the form of tentacles,

There would be no collar-cells, and the cells of the body generally
would have a much more fixed and definite position and more
regular functions than vhose of any sponge. The most charac-

teristic of them would be the so-called enidoblasts.  Bach of these

«¢ells contains a capsule * from which a long thread-like body can

be saddenly uncoiled and shot out. e i
. The simplest in structure of the cwlenterates are those that
constitute the class Hydrozoa. 1In this class the primitive central
cavity is not divided up by muscular partifions and there is no

folding in of the anterior part of the body to form an cesophagus
or stomatodseum such as is found in the sea-anemones and coral

# Wimilar capsules are found in the tissues of certain worms and molluses,
but there is the strongest evidence that these animals, which habitually devour
seelenterates, are able to swallow the capsules nninjured and fo' use them as
weapons of defence (see Martin, Q. J. Micro, Sei. London, lii, P 261, 1908,
and Grosvenor, Proc. Roy. Soe. London, Ixxii, p. 462, 1903).
¢ysts” of certain protozon bear a cerfain resemablance to the nettle-colls of
ceelenterates and probably have similar functions.

K

The *“tricho-
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olyps. In many species and genera the life-history is ‘g')omplex‘,m i
illustrating what is called the alternation of generations, That is

to say, only alternate gemerations attain sexual maburity, those
that do so being produced as buds from a sexless generation,
which itself arises from the fertilized eggs of a previous sexual
generation. The sexual forms as a rule differ considerably in
structure from the sexless ones ; many medus® are the sexual
individuals in a life-cycle in which those of the sexless generation
are sedentary. j S R G

An excellent general account of the cwlenterates will be found
in the Cambridge Natural History, vol. i (by Prof, Hickson),

Structore or Hypma.

Hydra, the freshwater polyp, is one of the simplest of the
Hydrozoa hoth as regards structure and as regards life-history.
Indeed, it differs little as regards structure from the ideally simple
colenterate sketehed in a former paragraph, while its descent is
direct from one polyp to another, every generation laying its
own eggs *. The animal may be described as consisting of the
following parts :—(1) an upright (or potentially upright) column
or body, (2) a circle of confractile tentacles at the upper extremity
of the column, (3) an oral disk or peristome surrounding the
mouth and surrounded by the tentacles, and (4) a basal or aboral
disk at the opposite extremity. The whole animal is soft and
naked. The column, when the animal is at rest, is almost eylin-
drical in some forms but in others has the basal part distinetly
narrower than the upper part., It is highly contractile and when
contracted sometimes assumes an annuTate appearance; but as a
rule the external surface is smooth.

The fentacles vary in number, but are never very numerous.

They are disposed in a single circle round the oral disk and are

hollow, each containing a prolongation of the central cavity of
the column. ' Like the ¢olamn but to an even greater degree they
are contractile, and in some forms they are capable of great elon-

gation. They cannot seize any object between them, but are able

to move in all directions, i

The disk that surrounds the mouth, which is a cireular aperture,
is narrow and can to some extent assume the form of a conical
proboscis, although this fenture is mever so marked as it is in
some hydroids. = The basal disk is even narrower and is mot
splayed out round the edges. :

A section through the body-wall shows it to consist of the three
typical layers of the colenterates, viz., (1) an outer cellular layer
of comparatively small cells, the ectoderm ; (if) an intermediate,

* The statement is not strictly accurate as regards the Caleutta phase of
H, vulgaris, for the summer brood apparently does not lay eggs but reproduces
its species by means of buds only, &‘his state of affairs, however, is probably
an abnormality directly due to environment. H

)
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structureless or apparently structureless layer, the mesoglea or
central jelly”; and (iii{ an internal layer or endoderm con-.
sisting of relatively large cells. The cells of the ectoderm are
not. homogeneous.  Some of them possess at their bage narrow
and highly contractile prolongations that exercise the functions
of muscles. Others are gland-cells and secrete mucus; others
have round their mangins delicate ramifying prolongations fand
act as nerve-cells. Sense-cells, each of which bears on its external
surface a minute projecting bristle, are found in connection with
the nerve-cells, and also nettle-cells of more than one type.

The mesogleea is very thin. |

The endoderm consists mainly of comparatively large cells with
polygonal bases which can be seen from the external surface of
the column in ecolourless individuals. Their inner surface is
amosboid and in certain conditions bears one or more vibratile
cilia or protoplasmic lashes, Nettle-cells are oceasionally found in
the endoderm, but apparently do not originate in this layer.

The walls of the tentacles do not differ in general structure
frowm those of the column, but the cells of the endoderm are
smaller and the nematocysts of the ectoderm more numerous,
and there are other minor differences. ‘

A more detailed account of the anatomy of Hydra will be found
in any biological Text-book, for instance in Parker’s Elementary
Biology ; but it is necessary here to say something more as regards
the nettle-cells, which are of great biological and systematic
importance, ‘

‘A nettle-cell of the most perfect type and the structures
necessary to it consist of the following parts :—

(1) A true cell (the enidoblast), which containg—

(2) & delicate capsule full of liquid ;

(8) a long thread coiled up in the capsule ; and

(4) a cnidocil or sensory bristle, which projects from: the
external surface of the cnidoblast. !

A nerve-cell is associated with each enidoblast. o
In Hydra the nettle-cells are of two distinct types, in one of
which the thread is barbed at the base, whereas in the other it is
simple. Both types have often two or more varieties and inter-
mediate forms oceur, but generally speaking the capsules with
. simple threads are much smaller than those with barbed ongs.
The arrangement of the nettle-cells is not the same in all species
of Hydra, but as a rule they are much more numerous in the
tentacles than elséwhere on the body, each large cell being
surrounded by several small ones. The latter are always much

more numerous than the former. '
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‘ \ The usual food of Efydm consists of small insect larve, worms,

and crustacea, but the eggs of fish are also devoured. The method
in which prey is captured and ingested has been much disputed,
but,the following facts appear to be well established. ‘

i

If a small animal comes in contact with th tentacles of the
polyp, it instantly becomes paralysed. If it adheres to the
tentacle, it perishes ; but if, as is often the case, it does not do so,
it soon recovers the power of movement. Animals which do not
‘adhere are generally those (such as ostracod crustacea) which
have a hard integument without weak spots. Nematocysts of
both kinds shoot out their threads against prey with considerable
violence, the discharge being effected, apparently in response to a
chemical stimulus, by the sudden uncoiling of the thread and its
eversion from the capsule. Apparently the two kinds of threads
have different functions to perform, for whereas there is no
doubt that the barbed threads penetrate the niore tender parts
of the body against which they are hurled, there is evidence that
the simple threads do not do so but wrap themselves round the
more slender parts. Nussbaum (Arch. mikr. Anat. xxix, pl. xx,
fig. 108) figures the tail of a Cyclops attackedsby Hydra vulgaris
and shows several simple threads wrapped round the hairs and
a single barbed thread that has penetrated the integument.
Sometimes the cyst adheres to the thread and remains attached to
its enidoblast and to the polyp, but sometimes the thread breaks

" Joose, Owing to the large mass of threads that sometimes

congregate at the weaker spots in the external covering of an
animal attacked (e. g., at the little sensory pits in the integument
of the dorsal surface of certain water-mites) it is often difficult to
trace out the whole length of any one thread, and as a thread
still attached to its eapsule is frequently buried in the body of the
prey, right up to the barbs, while another thread that has broken
loose from its capsule appears immediately behind the fixed one,
it seems as though the barbs, which naturally point towards the
capsule, had become reversed.  This appearance, however, 18
deceptive. The barbs ave probably connected with the discharge
of the thread and do not function at all in the same way as those
on a spear- or arrow-head, never penetrating tne object against
which the projectile is hurled. Indeed, their position as regards
the thread resembles that of the feathers on the shaft of an arrow

rather than that of the barh of the head.

Adhesion between the tentacles and the prey is effected partly
by the gummy secretion of the glands of the ectoderm, which 1s
perhaps poisonous as well as adhesive, and partly by the threads.
Once the prey is fast and has ceased to struggle, it is bronght to
the mouth, which opens wide to receive it, by the contraction and
the contortions of the tentacles, the column, and the peristome.
At the same time a mass of transparent mucus from the gastral
cavity envelops it and assists in dragging it in. There is some
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dispute as to the part pléyed by the tentacles in conveying food

into the mouth. My own obsérvations lead me to think that, at =~

any rate so far as 2. vulgaris is concerned, they do not push it in,
but sometimes in their contortions they even enter the cavity
accidentally. Gl G ‘
When the food has once been engulfed some digestive fluid is
apparently poured out upon it. In A. wulgaris it is retained in
the upper part of the cavity and the soluble parts are here dis-
solved out, the insoluble parts such as the chitin of insect larve
or crustacea heing ejected from the mouth. Digestion 1s, however,
to a congiderable extent intracellular, for the cells of the endoderm
have the power of thrasting out from their surface lobular masses
of their cell-substance in which minute nutritive particles are
enveloped and dissolved. The movements of the cilia which ean

 also be thrust out from and retracted into these cells, keep the

food in the gastral cavity in motion and probably turn it round
80 as to expose all parts in turn to digestive action. Complete
digestion, at any rate in the Caleutta form, takes several days to
accomplish, and after the process is finished a floceulent mass of
colourless excreta is emitted from the mouth.

@

Coroun.,

In Hydra viridis, a species that has not yet been found in
India, the green colour is due to the presence in the cells of green
corpuscles which closely resemble those of the cells of certain
freshwater sponges. They represent a stage in the life-cycle of
Chlorella vulgaris, Beyerinck *, an alga which has been ctltivated
independently. | e

In other species of the genus colour s largely dependent on
food, although minute corpuscles of a dark green shade are some-
times found in the cells of H. oligactis. In the Calcutta phase
of H. vulgaris colour is due entirely to amorphous particles situated
mainly in the cells of the endoderm. If the polyp is starved or
exposed to a high temperature, these particles disappear and it
becomes practically colourless. They probably form, therefore,
some kind of food-reserve, and it is noteworthy that a polyp
kept in the unnatural conditions that prevail in a small aquarium
invariably becomes pale, and that its excreta are not white and
flocculent but contain dark granules apparently identical with
those found in the cells of coloured individuals (p. 154).

. Berningert has just published observations on the effect of long-

continued starvation on Hydra carried out in Germany. He finds
that the tentacles, mouth, and central jelly disappear, and that a
slosed “bladder” consisting of two cellular layers remains; but,
to judge from his figures, the colour does not disappear in these
circumstances,

* Bot, Zeitung, xlviii (1890): see p. 49, anfea.
t Zool, Anz, xxxvi, pp. 271-279, figs., Oct. 1910.
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o BEHAVIOUR. o G

Hydra viridis is a more sluggish animal than the other species
of its genus and does not possess the same power of elongating
its column and tentacles. 1t is, nevertheless, obliged to feed
more frequently. Wagner (Quart. J. Micr. Sei. xlviii, p. 586,
1903) found it impossible to use this species in his physiological
experiments because it died of starvation more rapidly than other
~ forms, This fact is interesting in view of the theory that the
green corpuscles in the cells of K. wiridis elaborate nutritive
substances for its benefit. H. vulgaris, at any rate in Calcutta,
does not ordinarily capture prey more often than about once in
three days, ‘ B

All Hydre (excopt possibly the problematical H. rubra of Roux,
p. 160) spend the greater part of their time attached by the basal
disk to some solid object, but, especially in early life, H. vulgaris
is often found floating free in the water, and all the species
possess powets of progression. They do not, however, all move
in the same way. H. viridis progresses by *‘looping ” like a
geometrid caterpillar. During each forward movement the
.eolumn is arched downwards so that the peristome is in contact
with the surface along which the animal is moving. The basal
disk is then detached and the column is twisted round until the
basal disk again comes in contact with the surface at a point some
distance in advance of its previons point of attachment. The
maneuvre is then repeated. H. vulgaris, when about to move,
bends down its column so that it lies almost prone, stretehes out
its tentacles, which adhere near the tips to the surface (p. 163),
detaches its basal disk, and then contracts the tentacles. The
column is dragged forward, still lying almost prone, the basal disk
is bent downwards and again attached, and the whole movement
is repeated. Probably . oligactis moves in the same way.

‘When H. viridis is at rest the tentacles and column, according
to Wagner, exhibit rhythmical contractions in which those of the
buds act in sympathy with those of the paremt. In H. vulgaris
no such movements have been observed. This species, however,
when it is waiting for prey (p. 164) changes the direction of its
tentacles about once in half an hour. '

All species of Hydra react to chemical and physical stimuli
by contraction and by movements of the column and tentacles,
but if the stimuli are constantly repeated, they lose the power
to some extent. All species are attracted by light and move
towards the point whence it reaches them, 4. wulgaris, how-
 ever, at any rate in India, i8 more strongly repelled by heat.
Consequently, if it is placed in a glass vessel of water, on
one side of which the sun is shining divectly, it moves away
from the source of the light*. But if the vessel be protected

* Mr. B, H. Gravely tells me that this is also the case as regards H. viridis
in England, at any vate if freshly captured specimens are placed overnight in
a bottle in a window in such a position that the early morning sunlight falls
upon one side of the bottle, :
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‘one side of it, the polyp moves towards that side. No species of
the genus is able to move in a straight line. Wilson (Amer.

Natural. xxv, p. 426, 1891) and Wagner (op. cit. supra) have '
published charts showing the elaborately érratic course pursued

by a polyp in moving from one point to another and the effpct of
light as regardssits miovements, ' Al
If an individual of H. vulgaris that contains half digested food
vin its gastral cavity is violently removed from its natural sur-
roundings and placed in a glass of water, the column and tentacles
contract strongly for a few minutes. The body then becomes
greatly elongated and the tentacles moderately so; the tentacles
writhe in all directions (their tips being sometimes thrust into the
‘mouth), and the food is ejected. o

RIpPRODUCTION.

Reproduction takes place in Hydra (i) by means of buds, (ii) by
means of eggs, and (iii) occasionally by fission.

(a) Sewual Reproduction.

The sexual organs consist of ovaries (female) and spermaries
(male). Sometimes the two kinds of organs are borne by the
.same individual either simultaneously or in succession, but some
individuals or races appear to be exclusively of one sex. There
is much evidence that in unfavourable conditions the larger
proportion of individuals develop only male organs. |

In temperate climates most forms of Hydra hbreed at the
approach of winter, but starvation undoubtedly induces a pre-
cocious sexual activity, and the same is probably the case as
regards other unfavourable conditions such as lack of oxygen in
the water and either too high or too low a temperature,

Downing states that in N. America (Chicago) H. vulgaris breeds
in spring and sometimes as late as December ; in Calcutta it has
only been found breeding in February and March. Exeept during
the breeding-season sexual organs are absent ; they do nof appear
in the same position on the column in all species. i

The spermaries take the form of small mound-shaped projections
on the surface of the column. Fach consists of a mass of sperm-
mother cells, in which the spermatozoa originate in large numbers,
The spermatozoa resemble those of other animals, each possessing
a head, which is shaped like an acorn, and a long vibratile tail
by means of which it moves through the water. In the cells of
the spermary the spermatozoa are closely packed together, with
their heads pointing outwards towards the summit of the mound
through which they finally make their way into the water. The
aperture is formed by their own movements, Downing (Zool.

Jahrb. (Anat.) xxi, p. 379, 1905) and other authors have studied

the origin of the spermatozoa in great detail. ;

o
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- The ovaries consist of rounded masses of cells lying at the base
of the ectoderm. One of these cells, the future egg, grows more
‘rapidly than the others, some or all of which it finally absorbs by
- means of lobose pseudopodia extruded from its margin. It then
akes its way by amoeboid movements between the cells of the
ectoderm until it reaches the surface. In H, wulgaris (Mem.
Asiat. Soc. Beng. i, p. 360, 1906) the ege is ‘first visible with the
aid of a lens as a minute star-shaped body of an intense white
colour lying at the base of the ectoderm cells. It increases in-

‘ Fig. 28.—Bggs of Hydra (magnified),, ‘
A:igg of H, vulgaris (after Chun), B = vertical section through egg of
. oligactis, form A (after Brauer). O = vertical section through ‘epg
of H. oligactis, form B (after Brauer),

size rapidly, gradually draws in its pseudopodia (the rays of the
star) and makes its way through the ectoderm to the exterior,
The process occupies not more than two bours, The issuing
ovam does not destroy the ectoderm cells as it passes aput, but
squeezes them together round the aperture it makes. Owing to
the pressure it exerts upon them, they become much elongated
and form a cup, in which the embryo rests on the surface of the
parent. By the time that the egg has become globular, organie
connection has ceased to exist. The embryo is held in position
partly by means of the cup of elongated ectoderm cells and partly
by & delicate film of mucus secreted by the parent. The most
recent account of the oogenesis (** ovogenesis ”) is by Downing
(Zool, Jahrb. (Anat.) xxvii, p. 295, 1909). :
i (b) Budding. - ‘
The buds of Hydra arise as hollow outgrowths from the wall
of the column, probably in a definite order and: position in each
species. The tentacles are formed on the buds much as the buds
themselves arise on the colamn. ' There is much dispute as to the
order in which these structures appear on the bud, and Haacke
(Jenaische Zeitschr, Naturwiss. xiv, p. 133, 1880) has proposed
to distinguish two species, H. trembleyi and H. resselit, in ac-
cordance with the manner in which the phenomenon is manifested.
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It seems probable,‘ho‘wever, that the number of‘ tentacles 'bhéﬁi

‘are developed in the first instance is due, at any rate to some

extent, to eircumstances, for in the summer brood of H. vulgaris

in Caleutta five usually appear simultaneously, while in the winter *

brood of the same form four as a rule do so. Sometimes buds

remain attached to their parents sufficiently long to develop

buds themselves, so' that temporary colonies of some complexity
arise, but 1 have not known this to occur in the case of Tndian
 individuals, e

() Pission.

Reproduction by fission occurs naturally but not habitually in

all species of Hydra. 1t may take place either by a horizoutal
or by a vertical division of the column. In the latter case it may
be either equal or unequal. If equal, it usually commences by an
elongation in one direction of the circumoral disk, svhich assumes
a narrowly oval form; the tentacles increase in number, and a
notch appears at either side of the disk and finally separates the
column into two equal halves, each of which is a complete polyp.
The division sometimes cominences at the base of the column, but
this is very rave. Transverse fission can be induced artificially
and is said to occur sometimes in natural conditions, It com-
mences by a constriction of the column which finally separates
the animal into two parts, the lower of which develops tentacles
and a mouth, while the upper part develops a basal disk. Unequal
vertical division occurs when the column is divided vertically in
such a way that the two resulting polyps are unequal in size.
1t is apparently not accompanied by any great increase in the
number of the tentacles, but probably starts by one of the
tentacles becoming forked and finally splitting down the middle.
The question of the regeneration of lost parts in Hydra cannot
well be separated from that of reproduction by fission. Overa
hundred and fifty years ago Trembley found that if a polyp were
cub into several pieces, each piece produced those strnctures
necessary to render it a perfect polyp. He also believed that he
had induced a polyp that had been turned inside out to adapt
itself to circamstances and to reverse the functions and structure

of the two cellular layers of its body. In this, however, he was

probably mistaken, for there can be little doubb that his polyp
turned right side out while not under his immediate observg%ion.
Many investigators have repeated some’ of his other experiments
with success in Europe, but the Caleutta Hydra is too delicate an
animal to survive vivisection and invariably dies if lacerated,
1t appears that, even in favourable circumstances, for a fresh polyp
to be formed by artificial fission it is necessary for the piece to
contain cells of both cell-layers. : ‘
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The egg of Hydra is said to be fertilized as it lies at the base
“of the ectoderm, through which the fertilizing spermatozoon bores

| its way. As soon as the egg has emerged from the cells of its
parent it begins to split up in such a manner as to form a hollow
mass of comparatively large equal cells. Smaller cells are separated
off from these and soon fill the central cavity. Before segmentation
begins a delicate film of mucus is secreted over the egg, and
within this film the larger cells secrete first a thiok chitinous or
horny egg-shell and within it a delicate membrane. Development
in some cases is delayed for a considerable period, but sooner or
Jater, by repeated division of the cells, an oval hollow embryo
18 formed and escapes into the water by the disintegration of the
ego-shell and the subsequent rupture of the inner membrane.
Tentacles soon sprout out from one end of the embryo’s body
and a mounth is formed; the column becomes more slender and

attaches itself by the aboral pole to some solid object,

ExnMIns.

Hydra seems to have few natural enemies. Martin (Q. J.
Micr, Sei. London, lii, p. 261, 1908) has, however, described how
the minute worm Microstoma lineare attacks Hydra ¢ rubra” in
Scottish lochs, while the larva of a midge devours H. vulgaris
in considerable numbers in Calcutta tanks (p. 156).

CaernyrerATES oF Brackisy 'WATDR,

Marine ceelenterates of different orders not infrequently make
their way or are carried by the tide up the estuaries of rivers
into brackish water, and several species have been found living
in isolated lagoons and pools of which the water was distinctly
salt or brackish.  Among the most remarkable instances of such

| igolation is the oceurrence in Lake Qurun in the Fayim of Egypt
of Cordylophora lacustris and of the peculiar little hydroid recently
deseribed by Mr. €. L. Boulenger as Marisia lyonsi (Q. J. Micr.
Sei. London, lii, p. 357, pls. xxii, xxiii, 1908). In the delta of the
Ganges there are numerous ponds which have at one time been
connected with estuaries or creeks of brackish water and have
becoiite isolated either naturally or by the hand of man without
the marine element in their fauna by any means disappearing
(p. 14). The following species have been found in such ponds:—

| (a) Hydrozoa.
(1) Bimeria vestita, Wright (1859),

Hincks, Hist, Brit. Hydr. Zooph. p. 103, pl. xv, fig. 2 (1868) ;
Annandale, Ree. Ind. Mus. i, p. 141, fig. 8 (1907).

This is a Buropean species which has also been found off
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8, America. Tt oceurs not uncommonly in the m"‘sek‘é"‘ ﬁhaﬁ"pe;ﬂm;
trate into the Gtanges delta and has ‘been found in peols of

“brackish water at Port Canning. The Indian form is perhaps
sufficiently distinet to be regarded as a subspecies. - The medusoid
generation is suppressed in this genus. Dl

i L 5 " : ; j e
(2) Syneoryne filamentata, Annandale (1907, e
 Annandale, Rec. Ind. Mus, i, p. 139, igs. 1,2 (1907), /

Both hydroid and meduss were found in s small pool of

brackish water at Port Canning, The specific name refers to the
fact that the ends of the rhizomes from which ‘the polyps arise

are frequently free and elongate, for the young polyp at the tip
‘apparently takes some time to assume its Adulbifomm. fc e iR

(8) Irene ceylonensis, Browne (1905),

Browne, in Herdman's Report on the Pearl Fisheries of Ceylon, i,
p. 140, pl. iii, fgs. 9-11 (1906) ; Annandale, Rec. Ind. Mus, 1,
p- 142, fig. 4 (1907). ‘ | ‘

The medusa was originally taken off the coast of Ceylon, while »
the hydroid was discovered in ponds of brackish water at Port =
Canning. 1t is almost microscopic in size. » :

The first two of these species belong to the order Grymnoblastea

(Anthomedusm) and the third to the Calyptoblastea (Lepto-
medusz). ‘ ‘ ‘ ’

(b) Aetinozoa.
(4) Bagartia schilleriana, Stoliczka (1869). ‘
8. schilleriana, Stoliczka, Journ, As, Soc. Beng. (2) xxxviii, p, 28,
{{19. x, xi (1869) ; Metridium schillerianum, Arnandale, Rec, Ind,
lus. i, p. 47, pl iii (1007). ! i o
This sea-anemone, which has only been found in the delta of
the Ganges, offers a most remarkable instance of what appears to
be rapid adaptation of a species to its environment. The typical
form, which was described in 1869 by Stoliczka from specimens
taken in tidal creeks and estuaries in the Gangetic area and in the
ponds at Port Canning, is found attached to solid objects by its
basal disk.  The race (subsp. exul), however, that is now found
in the same ponds has become elongate in form and has adopted
a burrowing habit, apparently owing to the fact that the botitom
of the ponds in which it lives is soft and muddy. ' Gl
In addition to these four species a minute hydroid belonging to
the order Glymmoblastea and now ' being described by Mr. J.
Ritchie has been taken in the ponds at Port Canning, It isa
very aberrant form. i st T
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. Hydra is the only genus of cdslenteriitas as yet found in fresh
water in India, but several others have heen discovered in other
countries, They are :— s ‘
(1) Corllylophora lacustris, Allman (1843), i

Hincks, Hist. Brit. Hydr. Zooph. p. 16, pl. iii, fig. 2 (1868).
This is a branching hydroid that does not produce free medusse.

. It forms bushy masses somewhat resembling those formed by a

luxuriant growth of Plumatella fruticosa (pl. iii, fig. 1) in general
appearance. O, lacustris is abundant in canals, rivers, and
~estuaries in many parts of BEurope and has recently been found
in the isolated salt lake Birket-el-Qurun in the Fayim of Bgypt.

(2) OCordylophora whiteleggei, v. Lendenfeld (1887).
Zool, Jahrb. ii, p, 97 (1887).

A species or race of much feebler growth; as yet imperfectly
known and only recorded from fresh water in Australia. _

Qordylophora i a normal genus of the class Hydrozoa and the
order Gymmoblastea ; the next four genera are certainly Hydrozoa,
but their affinities are very doubtful. ' j S

(8) Microlydra ryderi, Potts (1885), |
Potts, Q. J. Micr. Sci. London, 1, p: 623, pls. xxxv, xxxvi; Browne,
dbad, p. 635, pl. xxxvil (1906). _

This animal, which has been found in N. America and in
Germany, possesses both an asexual bydroid and a sexual
medusoid generation. The former reproduces its specids by
direct budding as well as by giving rise, also by a form of budding,
to medusm that become sexually mature. The hydroid has no
tentacles,

&) Limnocodium sowerbis, Lankester (1880). ‘
Lankester, Q. J. Micr. Sci. London, xx, p. 351, pls. xxx, xxxi (1880) ;
Fowler, ibud. xxx, p. 507, pl xxxii (1890), j |
'There is some doubt as to the different stages in the life-cycle
of this species. The medusa has been found in tanks in hot-
houses in England, France and Glermany, and a minate hydroid
closely resembling that of Microhydra ryder: has been associated
with it provisionally. ‘ |

(8) Limmocodium kawaii, Oka (1907),

Oka, Annot, Zool. Japon. vi, p. 219, pl. viii (1907).

Only the medusa, which was taken in the R. Yang-tze—ki&ng,
18 a8 yet known.
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(6) Limnoenida tangionyiker, Bohm (1889).
R. T, Giinther, Aun. Nat. Hist. () xi, p. 269, pls. xiii, xiv (1898).
Only the medusa, which is found in Lake Tanganyika, Take
Victoria Nyanza and the R. Niger, has been found and it is doubtful”
whether a hydroid generation exists. '
(7) Polypodium hydriforme, Ussow (1‘885).‘ I
Morph. Jabrb. xii, p. 137 (1887), ‘ !
. Two stages in this peculiar hydroid, which is found in the
R. Volga, are known, (a) a spiral ribbon-like form parasitic on
the eggs of the sterlet (Acipenser ruthenus), and (b) a small Hydra-
lilee form with both filamentous and eclub-shaped tentacles. = The
life-history has not yet been worked outt. ‘

I,

Hisrony or TaE Sruny oF HYDRA.

Hydra was discovered by Leenwenhoek at the beginning of the
eighteenth century and had attracted the attention of several
skilful and accurate observers hefore that century was half accom-
plished. Among them the chief was Trembley, whose * Mémoires
pour servir & Uhistoire d'un genre de Polype d’eau douce™ * was
published at Paris 1744, and is remarkable not only for the extent
and accuracy of the observations it enshrines but also for the
beauty of its plates. Baker in his work entitled  An attempt
towards a natural history of the Polyp?’* (London, 1743) and
Rasel von Rosenhof in the third part of his “ Insecten-Belustigung”
(Nurenberg, 1755) also made important contributions to the study
of the physiology and structure of Hydra about the same period,
Linné invented the name Hydra, and in his * Fauna Sueica ?
and in the various editions of his ¢ Systema Naturm” described
several forms in a mamner that permits some of them to he
recognized ; but Linné did not distinguish between the true
Hydra and other soft sessile Ceelenterates, and it is to Pallus
(** Elenchus Zoophytorum,” 1766) that the credit properly
belongs of reducing the genus to order. It is a tribute to his
insight that three of the four species he described are still accepted
ag ““good ” by practically all students of the Cewlenterates, while
the fourth was a form that he had not himself seen. "

In the nineteenth century the freshwater polyp became a
favourite object of biological observation and was watched and
examined by a host of observers, among the more noteworthy of
whom were Kleinenberg, Nusshaum, and Brauer, who has since the ]
beginning of the present century made an important contribution
to the taxonomy of the genus. i

% Siﬁce this was written, Lippen has described a third stage in the life-
history of Polypodium (Zool. Anz. Leipzig, xxxvii, Nr. 5, p, 97 (1911)).
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ITydra has been examined by thousands of students in biological
. laboratories all over the civilized world, and the literature upon it

18 hardly surpassed in magnitude by that on any other genus but

 Homo. The following is a list of a few of the more important
- general memoirs and of the papers that refer directly to Asiatic
material, A systematic bibliography is given by Bedot in his

““ Matériaux pour servir i I'Histoire des Hydroides,” Rev. Suisse '

Zoool. xviii, fase. 2 (1910).

(n) General.

. 1748, Baxgg, ¢ An ‘attempt towards a natural history of the Polyp’*

(Liondon), ;
1744, Tremprey, “Mémoires pour servir & I'histoire d’un genre de
- polypes d'ean douce "* (Paris), : ‘
1756. Ros¥r voN RoseNmOF, * Insecten-Belustigung : iii, Hist. Poly-
porum.”’ ‘
1766. Parras, “ Elenchus Zoophytorum,”
1844, Lsummxr, “ Rech. sur UHydre et 1'Eponge d’eau douce ' (« Voy.
‘ de la Bonite, Zoophytologie ), !
1847, Jomnston, “ A History of the British Zoophytes” (2nd edition),
1868. Hmvoks,  History of British Hydroid Zoophytes.”

1872, Krzivensere, “ Hydra. FEine  Anatomisch Entwicklungs-

geschichtliche Untersuchung,” !

1882, Jroxmrr, “Der Bau der Hydroidpolypen,” Morph, Jahrb. viii,
p. 873,

Nusspavwm, “ Ueber die Theilbarkeit der lebendigen Materie, 1,
Mittheilung. Beitriige zur Naturgeschichte des Glenus Hydra,”
Arch, mikr. Anat. Bonn, xxix, p. 265, :

1891, Bravrr, “ Uber die Entwicklung von Hydra,” Zeitschr. wiss,

Zool, Leipzig, lii, p. 169.
1892, Cuux, “Ceelenterata (Flohlthiere),” in Bronn’s Thier-Reichs II (2),

1905, Downine, “ The spermatogenesis of Hydra,” Zool. Jahrb, (Anat.)
xxi, p. 879,

1887

1908. Braver, “Die Benennung und Unterscheidung der Hydra-

Aurten,” Zool. Anz, xxxiii, p. 790.

1909, Friscanorz, ¢ Biologie und Systematil im Genus Hydra,” Braun's
« Annal. Zool, (Wiirzburg) iii, p. 105, -

1910..BERNINGEB, “ {Ther Einwirkung des Hungers auf Hydra,” Zool.
Anz, xxxvi, p. 271.

(b) Asiatic Rgferenées.

1894, Rromanp, “Sur quelques Animaux inférieurs des eaux douces du
Tonkin (Protozoaires, Rotifores, Entomostraces),” Mem. Soe.
zool, France, vii, p. 287,

1904. Vox Dapay, “ Mikroskopische Siisswasserthiere aus Turkestan,”
Ziool, Jahrh, (Syst.) xix, p. 469,
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Order ELEUTHEROBLASTEA.
~ Naked hydrozoa which reproduce their kind by means of buds
or eggs, or by fission, without exhibiting the phenomena of alter-
nation of generations. e i

Family HYDRIDZ,

Hyprama, J ohuéton', Hist. Brit. Zooph. (ed, 2) 1, p. 120 (]847).
Hyprinm, Hincks, Fist, Brit. Hydroid. Zooph. p. 309 (1868).

Small Eleutheroblastea in which the mouth is surrounded by
hollow tentacles. Permanent colonies are not formed, but repro-
duction by budding commonly takes place.

Grenus HYDRA, Linné.

Tyer, Hydra viridis, Linné.

Freshwater polyps which produce eggs with hard chitinous
shells. Although habitually anchored by the end of the. body
furthest from the mouth to extraneous objects, they possess con-
siderable powers of locomotion. They are extremely contractile
and change greatly from time to time in both form and size.

Only three well-established species of the genus, which is
uniyersally distributed and occurs only in fresh or brackish #* water,
«can be recognized, namely, H. wviridis, Linné (= H, viridissima,
Pallas), H. vulyaris, Pallas (==H. grisea, Linné), and H. oligactss,
Pallas (= H. fusca, Linné), The two latter oceur in India, but
H. viridis does not appear to have been found as yet anywhere in
the Oriental Region, although it is common all over Europe and
N. America and also in Japan. The distribution of H. vulgaris
is probably cosmopolitan, but there is some evidence that H. oli-
gactis avoids tropical districts, although, under the name Hydra
fusea, it has been doubtfully recorded as occurring in Tonguin t.

. The three species may be distinguished from one another by
the following key :~

[® Oolour leaf:green; the cells contain green
(chlorophyll) ecorpuscles of definite form.  °
A. Tentacles comparatively stout, habitually
shorter than the column, which is cylin-
drical, Egg-shell without spines, orna- ‘
mented with a reticulate pattern .. ... v vividis.)

* A small form of . viridis (var. bakerd, Marshall) is found in brackish
water in England, ity
T Richard, Mém, Soc, zool. France, vii, p. 287 (1894).
L2
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_ IL Qolour never leaf-green ; no chlorophyll cor= . |,
' puscles present in the cells, e
A.. Tentacles capable of great elongation but
1 when the animal is at rest never very much
. longer than the column, which is cylin-
drical when the gastral cavity is empty. |
Largest nettle~cells almost as broad as 0
long, Kgg-shell bearing long spinesmost. = ¢ ¢
of which are divided at the tips ........ vulgasis, p. 148,
B. Tentacles, even when the animal is at rest, il
 much Jonger than the column, the basal
part of which, even when the gastral
eavity is empty, is constricted. Largest
netile-cells ' considerably longer = than
broad. = Egg-shell smooth or bearing = |
short, simple spines ... ..., e . oligaetis, p. 158,

24, Hydra vulgaris, Pullas. Ll e
Polypes de la seconds espéce, Trembley, Mem. pour servir & 1’histoire

d'an genre de polypes d’enu douce*, ﬁ 1, figs. 2, 53 pl. i, 4

figs. 2, 8; pl. vily, figs. 1-7 ; pl. xi, figs. 1113 (1744).

Rosel von Rosenhof, Insecten-Belustigung, iii, Hist. Polyporum, :

pls. Ixxvi, Ixxvii, Ixxix-lxxxiii (1755),

f Hydra polypus, Linné, Fauna Suecica, p, 542 (1761), i

Hydra vulgaris, Pallas, Elenchus Zoophytorum, p. 30 (1766),

? Hydra attenuata, id., ibid, p. 32, ‘ i

Hydra grisen, Linné (Gmelin), Systema Natures (ed. 18), p. 8870
(1789). Gl _

Hydra pallens, 1d., iid. p. 8871, ; i

Hydra vulgaris, Ehrenberg, Abhandl, Akad. Wiss. Berlin, 1836,
p 184, taf il :

Hydra b;‘unne(t, Templeton, Loudon’s Mag, Nat. Hist. ix, p. 417
(1836).

Hydra vulgaris, Laurent, Rech. sur IHydre et I'Eponge dlean
douce (Voy. de la Bonite, Zoophytologie), p. 11, pllia, pli iy
figs. 9, 9" (1844). '+ j i

Lydra vulgaris, Johnston, Hist. British Zoophytes (ed. 2), i, p. 122,
pl. xxix; fig. 2 (1847). ‘ /

Hydra vulgares, Hincks, Hist, British Hydroid Zoophytes, i, p. 814,

* fig, 41 (1868). o ; ‘
Hydra aurantiaca, Kleinenbery, Hydra, p. 70, pl.i, fie. 1, ol. iii.
iflig. 10 (1879), By RS D (0 DL, gl 1y pll i,
Mydra trembley), Haacke, Zool. Anz, Leipzig, i, p. 622 (1879).
Hyiiggogrz'.sea, Jickeli, Morph. Jahrb. viii, p. 891, pl, xviii, fig, 2
( '.)). i i i !
Hydra grisea, Nusshaum, Arch. mikr. Anat. Bonn, xxix, ph2re,
pl. xiai, pl. xiv, figs. 88, 87, 47 (1887), o
F Hydra hexactinella, v, Lendenfeld, Zool. Jahrb. Jena, ii, p. 96, pl.vi,
figs, 13, 14 (1887). ‘
? Hydra hevactinella, id., Proc. Linn, Soc. N. 8, Wales, x, p. 678,
. p. xlviii, figs 1-4 (1887). :
gyd/'a grisea, Brauer, Zeit. wiss. Zool, Leipzig, lii, p. 169 (1891),
Y

dra grisea, Chun, in Bronn's Thier-Reichs, ii (2), pl. i, figs. 2 b, ’

26,5 (1892). e
Hydra grisea, Downing, Zool, Jahrb, (Anat. )Jena, xxi, p. 381 (1905).
Hudra orientalts, Annandale, J. Asiat. Soc. Bengal, (new series) i,

1905, p. 72,
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e ‘gydm oneutalw, ul z&wl (new aerxea) ii, 18@6 0 :
\ Hydra orientalis, zd Mem. Asiat. Soc, I‘lﬁn?&l x, 340 (1906) !
? Hydra orientalis, Wllley, Spol. Zeylan. Colonibo, iv, p. 185 (1907)
| Hydra grisea, Weltner, Arch. Naturg. Berlin, lxxm 1 {: 475 (1907).
. Hydva vulgaris, Braner, Zool. Anz. xxxiii, p. 792, fig. 1 (1908).
Hydra orientulis, Annandale, Rec. Ind. Mus. ii, 3 9 (LBORY
. Hydra grisea, I:nschholz, Braun’s Zool. Annal, (Wurzburg), iii,
5 107, 184, &e., figs. 1 and 10-17 (lanoy e
,H:/ e gmm, 1(2 Blo Uentralbl. Berlin, xxix, p 184 (1909) i
Hydra vulga: 78, Bmuer, Die Susswasserfa.una Deutsahlands AR
p. 192, fios, 336--338 (1909),
- Hydra pmtacfmellu Powell, Lessons in Pmctxcal onlogy for Indian

Students, P 24 (Bombay, 1910).

. Phase orientalis il Annandale.

. Colour variable ; in sumwmer u&ually pale, in winter either deep

~orange, dull brown, or dark green, The cells do not contam
spherical or oval coloured hodies.

Column slender and capable of great elongation, normally

. almost eylindrical; but when contammg food often shaped like a

Fig. 29,— Hydra vulgaris, from Oalcutta (phase orientalis)
A= winter brood ; B=summer brood, the same individual in an expanded
zmd a contmql;ad condition. B is more highly magnified than A

wine-glass. The surface is thickly set with nettle-cells the
cnidocils of which give it an almost hirsute appearance under the
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microscope.  When extended to the utmost the column is some-

times nearly 30 mm. (11 inches) long, but more commonly itids )

about half that length or even shorter.

Tentacles usually 4-6, occasionally 8. They are alwa,js slender
except when they are contracted, then becoming swollen at the

base and slightly globular at the tip. If the animal is af rest
they are not very much longer than the body, but if it is hungry
or about to move from one place to another they are capable of

very great extension, often becoming like a string of minute

beads (the groups of nettle-cells) strung on an invisible wire.
Nettle-cells. The capsules with barbed threads (fig. 27, p. 131)
are very variable in size, but they are invariably broad in pro-

portion to their length and as a rule nearly spherical. 1In a Hydra

taken in Onlcutta during the winter the largest capsules measured
(unexploded) 0°0189 mm. in breadth and 0:019 in length, but in

summer they are smaller (about 0:012 mm. in breadth). Smaller

capsules with barbed threads always occur. The barbed threads
are very long and slender. At their base they bear a circle of
stout and prominent spines, usually 4 in number ; above these
there are a number of very small spines, but the small spines are
usually obscure, Malformed corpuscles are common. The capsules
with unbarbed threads arve very nearly as broad at the distal as at
the proximal end ; they are broadly oval with rounded ends.
Reproductive organs. The reproductive organs are confined to
the upper part of the body. In India eggs (fig. 28, p. 137) are
seldom produced. They sometimes appear, however, at the
beginning of the hot weather. In form they are ‘spherical, and

their shell bears relatively long spines, which are expanded, flat-.

tened and more or less divided at the tip. The part of the egg
that is in contact with the parent-polyp is bare. Spermaries are
produced more readily than ovaries ; they are mam millate in form
and number from 4 to 24. Ovaries and spermaries have not been
found on the same individual.

Buds are confined to a narrow zone nearer the base than the
apex of the column. Rarely more than 2 are praduced at a tine,
and I have never seen an attached bud budding. In winter 5
tentacles are as a rule produced simultaneously, and in summer 4.

In the former case a fifth often makes its appearance before the

bud is liberated,

In Caleutta two broods can be distingnished, a cold-weather

brood, which is larger, stouter, and more deeply coloured, pro-
duces buds more freely, has larger nematocysts, and as a rule

possesses 6 tentacles ; and a hot- weather brood, which is smaller, |

more slender and paler, produces buds very sparingly, has smaller
nematocysts,and as a rule possesses only 4 or 5 tentacles. Only the
cold-weather form is known to become sexually mature, There
is evidence, however, that in those parts of India which enjoy a
more uniform tropical climate than Lower Bengal, polyps found
at all times of year resemble those found in the hot weather in
(aleutta, and sometimes produce spermatozos or eges.
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! 1 have recently had an‘bp‘;‘)éi‘tuixﬂj? of cd?inpbriﬁg specimém‘i of
the Caleutts hot-weather form with well-preserved: examples

‘of H. vulgaris, Pallas (=I. grisea, Linn.), from England. They o

differ from these polyps in yery much the same way as, but to
a groater degree than they do from the winter phase of their
own race, and I have therefore no doubt that H. orientalis is
merely a tropical phase of Pallas’s species.: My description is
based on Indian specimens, which seem to differ, so far as anatomy
is concerned, from Buropean ones in the following points i—
(1) The sexes are invariably distinct; i

(2) the nematocysts are invariably araalier. ol
1 have seen in Burma an abnormal individual with no tentacles.
Tt buds, however, possessed these organs.

Tyen, None of the older types of Hydra are now in existence.
That of H. oriendalis ig, however, in the collection of the Indian
Museum. . : Lt

G uOGRAPHIOAT DISTRIBUTTON.—H. vulgaris is common in Burope
and N. America and is probably found all over tropical Asia.
The following are Indian and. Ceylon localities :—Bnxeaxn, Cal-
cutta and neighbourhood (Annandale, Lioyd); Adra, Manbhum
district (Paive), Rampur Bhulia on the R. Ganges (Annandale) ;
Ohakradbharpur, Chota Nagpur (Annandale) ; Pusa, Bibar (dnnan-
dale); Puri, Orissa (Annandale) : MADRASs, sea-beach near Madras
town (Henderson): BomBaY, island of Bombay (Powell) : BUrMA,
Mandalay, Upper Burma, and Moulmein, N. Tenasserim (Annan-
dale): CuyLoN, Colombo and Peradeniya( Willey, Green). - Dr AL D,
Tmms tells me that he has obtained specimens that probably
belong to this species in the Jumna at Allahabad,

Broroay.—In India H. vilgaris is usually found, so far as my
experience goes, in stagnant water. In Calcutta it is most abun-
dant in ponds containing plenty of aquatic vegetation, and seems
to be especially partial to the plant Limnanthemum, which has
floating leaves attached to thin stalks that spring up from the
bottom, and to Lemna (duckweed). Dr. Henderson, however, found
specimens in a pool of rain-water on the sea-shore near Madras.

" There is evidence that each of the two broods which ocenr in
Lower Bengal represents at least one generation; probably it
represents more than one, for tentacles are rarely if ever produced
after the animal has obtained its full size, and never (or only
owing to accident) decrease in mnumber after they have once
appeared. The winter form is found chiefly near the surface of
the water, especially on the roots of duckweed and on the lower
gurface of the leaves of Limnanthemum ; but the sumwer form
affects deeper water in shady places, and as a rule attaches itself
to wholly submerged plants. The latter form is to be met with
between March and Qectober, the cold-weather form between
October and March, both being sometimes found together at the
periods of transition. TIn the unnatural environment of an
aquarium, however, individuals of the winter form lose ' their
colour and become attenuated, in these features resembling the
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summer form, even ir the cooler months. Buds, prodlicad in%hesd”

conditions rarely have more than five tentacles or themselves o

produce buds freely after liberation. ‘ ‘ S
The buds appear in a fixed order and position, at any rate on .
individuals examined in winter; in specimens of the summer
- form the position is fixed, but the order is irregular. Each quad-
rant of the column has apparently the power of producing, in a
definite zone nearer the aboral pole than the mouth, a single bud ;
but the buds of the different quadrants ave not produced simul-
_ taneously. 1f we imagine that the gquadrants face north, south,
~ east, and west, and that the first bud is produced in the north
quadrant, the second will be produced in the east quadrant,

the third in the'south, and the fourth in the west, It is doubtful e

whether more than four buds are produced in the lifetime of an
individual, and apparently attached buds never bud in this race.
The second bud usually appears before the first is liberated, and
' this is also the case occasionally as regards the third, but it ig
exceptional for four buds to be present at one time. About three
weels usually elapse between the date at which the bud first
appears as aminute conical projection on the surface of the parent .
and that at which it liberates itself. This it does by bending
down, fixing itself to some solid object by means of the tips of
its tentacles, the' gland-cells of which secrete a gummy fluid, and
then fearing itself free. ‘ :

Although it is rare for more than two buds to be produced
simultaneously, budding is apparently & more usual form of repro-
duction than sexual reproduction. Individuals that bear eggs have
not yet been found in India in natural conditions, although males
with functional spermaries are not uncommon af, the approach of
the hot weather. The few eggs that I have seen were produced
in my 4quarium towards the end of the cold weather. Starvation,
lack of oxygen, and too high a temperature (perhaps also lack
of light) appear to stimulate the growth of the male organs in
ordinary cases, but perhaps they induce the development of ovaries
in the case of individuals that are unusually well nourished.

The spines that” cover the egg retain débris of various kinds
upon its surface, so that it becomes more or less completely con-
cealed by a covering of fragments of dead leaves and the like even
before it is separated from the polyp.  1ts separation is brought
about by its falling off the column of the parent. Nothing is
known of its subsequent fate, but probably it lies dormant in
the mud through the hot weather. Eggs are sometimes produced
that have no shells. This is probably due to the faet that they
have not been fertilized. i

Reproduction by fission oceurs rarely in the Indian Hydra, but
both equal and unequal vertical fission have been observed. Inthe
case of equal fission the circumoral area lengthens in a horizontal
direction, and as many extra tentacles as those the polyp already
possesses make their appearance. The mouth then becomes con-
stricfed in the middle and notches corresponding to its consbriction
appear at either side of the upper part of the column. Finally the
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- whole animal divides into “two equal halves in a vertical direction.
1 have only seen one instance of what appeared to be unequal

vertical fission—that of a polyp consisting of two individuals

still joined together by the basal disk, but one about half the size

of the other. Each had three well-developed tentacles, and in
addition a minute fourth tentacle. This was situated on the side
opposed to that of the other individual which bore a similar
tentacle. Transverse fission has not been observed. The Indian

 Hydra is a very delicate animal as compared with such a form
. a8 H. viridis, and all attempts to produce artificial fission without

killing the polyp have as yet failed. v !
Young individuals are often, and adults occasionally, found

' . Boating free in the water, either with the mouth uppermost and
the tentacles extended so as to cover as large an area as possible

or with the aboral pole at the surface. In the former case they
float in mid-water, being of nearly the same specific gravity as

\the water, and are carried about by any movement set up in it.

In the latter case, however, the base of the column is actually

. atbached to some small object such as the cast skin of a water-flea

or to & minute drop of mucus originally given out by the polyp’s
own mouth; the tentacles either hang downwards or are spread
out round the mouth, and the animal 1s carried about by wind or
other agencies acting on the surface. i ]
In addition to this passive method of progression the polyp ean
crawl with considerable rapidity. In doing so it bends its column
down to the object along which it is about to move in such u way
that it lies almost parallel to the surface, the basal disk, however,
being still attached. The tentacles are then extended and attach
themselves near the tips to the surface a considerable distance away.
Attachment is effected by the secretion of minute drops of adhesive
substance from gland-cells. The basal disk is liberated ‘and the
tentacles contract, dragging the column, which still lies prone,
along as they do so. The basal disk again affixes itself, the
tentacles wrench themselves free, the surface of their cells being
often drawn out in the process into pseudopodia-like projections,
which of course are not true pseudopodia * but merely projections
produced by the mechanical strain. The whole action is then
repeated. The polyp can also pull itself across a space such as

~ that between two stems or leaves by stretching out one of its

tentacles, fixing the tip to the object it desires to reach, pulling
itself free from its former point of attachment, and dragging
itself across by contracting the fixed tentacle. The basal disk
is then turned round and fixed to the new support. :

The Indian polyp, like all its congeners, is attracted by light,
but it is more strongly repelled by heat. Probably it never
moves in a straight line, but if direet sunlight falls on one side

* See Zykoff, Biol. Centralbl, xviii, p. 272 (1898), and Annandale, Rec. Ind.

Mus. i, p. 67 (1907).




of a glass aquarium, the polyps move away from that side i

much less erratic course than is usually the case. If conditionsare

favourable, they often remain in one spot for weeks at a time,

their buds congregating round them as they are set free. Ina -
© natural environment it seems that regular migrations take place

in accordance with changes in temperature, for whereas in cool |
. weather many individuals are found adhering to the lower surface

of the floating leaves of Limnanthemum, few are found in this
position immediately after a rise in the thermometer. If the rise
8 only a small one, they merely crawl down the stems to the

end of which the leaves are attached, but as soon as the hot = |

weather begins in earnest, the few that survive make their way
to the deepest and most shady part of the pond. In captivity the =

polyps seek the bottom of any vessel in which they are con-
| tained, if sunlight falls on the surface of the water. ‘

The chief function of the tentacles is that of capturing prey.
The Indian polyp feeds as a rule in the early morning, before the
day bas become hot. ' In»an aquarium at any rate, the tentacles
are mnever more than moderately extended during the night.
' If the polyp is hungry, they are extended to their greatest
length in the early morning, and if prey is mot captured, they
sometimes remain in this condition throughout the day. In
these circumstances they hang down or stand up in the water
closely parallel to one another, and often curved in the middle as
if a current were directed against them. Prey that comes in
contact with one of them has little chance of escape, for nemato-~
cysts from all the tentacles can be readily discharged against it.
Approximately once in half an hour the direction o% the tentacles
is changed, but I have been unable to observe any regular rhyth-
mical movements of the tentacles or any correlation between
those of a parent polyp and the buds still attached to it.

The prey consists chiefly of the young larvee of midges (Chiro-
nomid®) and may-flies, but small copepod and phyllopod erustaces
are also captured. i ‘ ‘ ‘

As soon as the prey adheres firmly to the tentacleés and has
become paralysed it is brought to the mouth by their contracting
strongly and is involved in a mass of colourless mucus extruded
from the digestive cavity. Partly by the contraction of muscle~
fibres in the body-wall and partly by movements of the mouth
 itgelf assisted by the mucus, which appareéntly remains attached

to the walls of the cavity, the food is brought into the mowth.

1t it is at all bulky, it remaing in the upper part of the cavity, the
gland-cells pouring out a digestive fluid upon it and so dissolving
out, soluble substances. A large share of the substances thus
prepared falls down to the bottom of the cavity and ave there
digested by the endoderm cells. The insoluble parts of the food
are, however, ejected from the mouth without ever reaching the
base of the cavity. Rl

The colour of the polyp appears to be due mainly to the results
of digestion. Brown or orange individuals recently captured in
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to digest their food, and the excreta ejected from the mouth then

take the form of a white flocculent mass. If, however, the same

* individuals are kept for long in a glass aquariam, they lose their

colour, even though they feed readily. Digestion is then a much
~ more rapid process, and the excreta contain minute, irregular,
coloured grannles, which appear to be identical with those con-

tained in the endoderm ecells of individuals that have recently
digested a meal fully, Starved individuals are always nearly
colourless. It seems, therefore, that in this species colour is due
directly to the products of digestion, and that digestion does not
take place so fully in unfavourable conditions or at a high tempe-
rature as it does in more healthy circumstances. The dark green
colour of some polyps is, however, loss easily explained. I have
noticed that all the individuals which have produced egas in my
aguariut have been of this colour, which they haye retained in

spite of captivity ; whereas individuals that produced spermatozoa

often lost their colour completely before doing so, sometimes
becoming of a milky white owing to the aceumulation of minute
drops of liquid in their endoderm cells. Even in green indi-
viduals there is mever any trace in the cells of coloured bodies of
a definite form. : Vi ‘

The Indian polyp, unlike European representatives of its
species, i a very delicate little animal,  In captivity at any
rate, three circumstances are most inimical to its life : firstly,

a sudden rise in the temperature, which may either kill the °

polyp directly or cause it to hasten its decease by becoming
sexually mature ; secondly, the lack of a free current of air
on the surface of the aquarium; and thirdly, the growth of
a bacterinm, which forms a scum on the top of the water and
clogs up the interstices between the leaves and stems of the
water-plants, soon killing them. If adult polyps are kept even
in a shallow opague vessel which is shut up in a room with closed
shutters they generally die iu a single nights indeed, they rarely
survive for more than a few days unless the vessel is placed in
such a position that air is moying almost continuously over its
surface. The bacterium to which I allude often almost seals up
the aquarinm, especially in March and April, in which months its
growth 'is very rapid. Strands of slime produced by it surround
the polyp and even enter its mouth, In this event the polyp
retricts its tentacles until they become mere prominences on its
disk, and shrinks greatly in size. The colouring matter in its
body becomes broken up into irregular patehes owing to degeneracy
‘of the endoderm cells, and it dies within a few hours. '
Hydre in Caleutta is often devoured by the larva of a small
midge (Chironomus fasciatipennis, Kieffer) common in the tanks
from November to February. In the early stages of its larval
life thiy insect wanders free among communities of protozos ( Vorti~
cella, Epistylis, &c.) and rotifers on which it feeds, but as maturity
approaches begins to build for itself a temporary shelter of one
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of two kinds, either & delicate silken tunnel the base of which is
formed by some smooth natural surface, or a regular tube the
base of which is fixed by a stalk situated near the middle of its
length to some solid object, while the whole surface is covered .
with little projections. The nature of the covering appears to
depend partly on that of the food-supply and partly on whether
the larva is about te change its skin. = e

I had frequently noticed that tunnels brought from the tank
on the under surface of Limnanthemum leaves had a Hydra fixed
o them. This occurred in about a third of the occupied shelters
examined. The Hydra was always in a contracted condition and
often more or less mutilated. By kee%)inga larya together with
a free polyp in a glass of clean water, L have been able to observe
the manner in which the polyp is captured and entangled. The
larva settles down mnear the base of its column and commences to
spin a tunnel,  When this is partially completed, it passes a
thread round the polyp’s body to which it gives a sharp bite.
T'his causes the polyp to bend down its tentacles, which the larva
‘entangles with threads of silk, doing so by means of rapid, darting
movements ; for the nettle-cells would prove fatal should they be
shot out against its body, which is soft. Its head is probably too
thickly coated with chitin to excite their discharge. Indeed,
small larve of this very species form no inconsiderable part of
the food of the polyp, and, so far as my observations go, a larva is
always attacked in the body and swallowed in a doubled-up
position,

When the Hydra bas been firmly built into the wall of the
shelters and its tentacles fastened down by their bases on the
roof, the larva proceeds, sometimes after an interval of some
hours, to eat the body, which it does very rapidly, leaving the
tentacles attached to its shelter. The meal only lasts for a few
minutes ; after it the larva enjoys several hours’ repose, protected
by remains of its victim, which retain a kind of vitality for some
time. During this period it remains still, except for certain
undulatory movements of the posterior part of the body which
probably aid in respiration. Then it leaves the shelter and goes
in search of further prey, Its food, even when living in a tunnel,
does not consist entirely of Hydra. 1 have watched a larva
building its shelter near a number of rotifers, some of which it
devoured and some of which it plastered on to its tunnel.

The tubular shelters occasionally found are very much steuter
structures than the tunnels, but are apparently made funda-
mentally of the same materials; and structures intermediate
between them and the tunnels are sometimes produced. The larva
a8 a rule fastens to them branches detached from living colenies
of Vorticellid protozon such as Epistylis*. ;

Of animals living in more or less intimate relations with the

* Further particulars regarding the life-history of this larva will be found
on pp. 114 and 115, J, Asiat, Soc, Bengal, ii (0, s1) 1906. ‘
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polyp, I have found two very distinet specie ) of protozoa, neither
of which is identical with either of the two commonly found in
association with Hydra in Europe, Trichoding pediculus and Kerone
. polyporum, On two occasions, one in January and the other at
the beginning of Febrnary, I have seen a minute colourless fla-
gellate on the tentacles of the Calcutta polyp. On the first
oceaslon the tentacles were completely covered with this proto-
zoon, so that they appeared at first sight as though encased im
flagellated epithelium. The minute organism was colourless,
transparent, considerably larger than the spermatozoa of Hydra,
slightly constricted in the middle and rounded at each end. It
bore a long flagellum at the end furthest from its point of attach-
ment, the method of which I could not ascertain, "When separated
from the polyp little groups clung together in rosettes and
gyrated in the water. On the other occasion only a few indi-
viduals were observed. Possibly this flagellate was a parvasite
rather than a commensal, as the individual on which it swarmed
was unusually emaciated and colourless, and bore neither gonads
nor buds.  The larger stinging cells were completely covered by
groups of the organism, and possibly this may bave interfered
with the discharge of stinging threads.
" The other protozoon was Forticella monilata, Tatem, which
has been found, not in association with Hydrd, in Europe and
&, America. In Caleutta I have only seen it attached to the
column of the polyp, but probably it would also be found, if
carefully looked for, attached to water-weeds. ;

Especially in the four-rayed stage, the polyp not infrequently
attaches itself to shells of Vivipara, and, more rarely, to those of
other molluscs. It is doubtful whether this temporary association
between Hydre and the molluse is of any importance to the latter.
Tven when the polyp settles on its body and not on its ¢hell (as
is sometimes the case) the Vivipara appears to suffer no incon-
venience, and makes no attempt to get rid of its burden. It is
possible, on the other hand, that the Hydra may protect it by
devouring would-be parasites ; but of this there is no evidence *.

The assoeciation, however, is undoubtedly useful to Hydra. The
mud on the shells of Vwipara taken on floating objects shows

% In the Calcutta tanks operculate molluses such as Fivipara are cevtainly
more free from visible attack than non-operculate species. This is the case,
for dnstance, ag regards the common aquatic glowwoarm (Lueiola sp.), which
destroys large numbers of individuals of Limnophysa, Limneus, &e.  If it has
been starved for several days in an aquarium it will attack an operculate form,
but ravely with success. Similarly Chetogaster bengalensis attaches itself
exclusively to non-operculate forms.  In the one case the polyp eould do very
little against an adversary with so stout an integument as the nsect, while, in
the other, it i8 doubtful whether the worm does any harm to its host. ' The
polyp would afford very little protection against the snail’s vertebrate enemies
or against what appears to be its chief foe, namely, drought. As the water
sinks in the tank non-operculate species migrate to the deeper parts, but
Vivipara and Ampullaria elose their shells, remain where they ave, and sg often
perish, being loft high and dry, esposed to the heat of the sun,
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that in cool weather (he snail comes up from the bottom to the ‘

~ surface, and it probably goes in the opposite direction in hot
weather. Moreover, the common Caleutta speeies ( 7. bengalensis)

feeds very largely, if not exclusively, on minute green alge. 1t
therefore naturally moves towards spots where smaller forms of
animal and vegetable life abound and conditions are favourable

for the polyp. The polyp’s means of progression are limiteil, and
the use of a beast of burden is most advantageons to it for it can

detach itself when it arrives at o favourable habitat. If specimens

are kept in water which is allowed to become foul, a very large pro-

portion of them will attach themselves to any snaids confined with
them. Under natural conditions they would thus in all probability
be rapidly conveyed to a more suitable environment. In the

tanks it 18 far commoner to find young four-rayed polyps on

Vivipara than individuals with five or six rdays: but the adults

of the species are far less prone to change their position than are
the young. ‘

The Caleutta Hydra, especially in spring, exhibits a distinet

tendency to frequent the neighbourhood of sponges and polyzoa,

such as Spongilla carteri and the denser forms of Plumatella.

Possibly this is owing to the shade these organisms provide.

25. Hydra ol‘iﬂ‘ga,ctis, Pallas.

Polypes de la troisidme espéce, Trembley, Mém, hist. Polypes,* pl. i,
figs. 3, 4, 6; pl. ii, figs. 1-4; pl in, fig. 11; pl v, figs, 1-4;
pl. vi, figs. 3-7, 9, 10; pl, viii, figs. 8, 115 pl.ix (1744).

Risel von Rosenhof, Insekt,-Belustigung, iii, Hist. Polyp,, pls. Ixxxiv-
Ixxxvi (1756). ;

Hydra socialis, Linné, Fauna Sueica, p. 642 (1761).

Hydra oligactis, Pallas, Elench, Zooph. p. 29 (1766).

? Hydra attenuata, id., thid. p. 82,

Hydra fusca, Linné, Syst. Nat. (ed. 13), p, 9870 (1782),

(¢

Hydra oligactis, Johngton, Brit. Zooph. 1, p. 124, fig. 27 (p. 120) ‘

(1847). :
Hydra oligactis, Hincks, Hist. Byit. Hydr. Zooph. i, p. 315, fig. 42
(1868). ‘ i

Hydra roeselii, Haacke, Jena Zeitschr, Naturwiss. xiv, p. 185 (1880),

? Hydra rhetica, Asper, Zooli Anz. 1880, p. 204, figs. 1-3. )

Hydra vulgaris, J icgzli (nec Pallas), Morph, Jahrb, viii, p. 891,
pL. xviii, fig. 3 (1889). L

Hydra fusca, Nussbaum, Arch. mikr. Anat. Bonn, xxix, p. 278,
pl. x1v, figs, 84-36, pl. xv, figs, 48-51, &e. (1887).

Hydra. fusca, Braver, Zeit. wiss, Zool. Leipzig, lii, p. 177, pi. =i,

figs, 2, 6, 6 pl. xii, ﬁ%. 6 (1891).
Hyd{u sp. 2 ad., thid. pl, xi, figs. 8, 3 a, 4, 7,8; pl zii, figs. 1,2,
5-13 ,

Hydra :fusca, Chun in Bronn’s Thier-Reichs, ii (2), pl; ii, figs. 2 (a),

4, 6 (1892). ;
Hydra monwcia, Downing, Science ¥ (5) xii, p, 228.
Hydra fusea, id., Zool. Jahrb. (Anat.) xxi, p. 382 (1905),
| Hydra dicccia, 1d., Wbid. pL xxiii, figs. 6, 7, &c. ‘ ,
Hydra fusca, hertwig, Biol. Centralbl, xxvi, p. 489 (1906), =
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Hydra oligactis, Brauer, Zool, Anz, xxxiii, 5. 792, fig. 2 (1908),
Hydra polypus, id., ibid. i W :
Hyrlzgu‘ )mva,v Frischholz, Ann, Zool, (Wiirzburg), iii, p. 114, figs, 2-9
- (1909). i i
Hgsdru oligactis, Braver, Siisswasserfauna Deutschl. xix, p. 193,
figs. 339-341 (1909). ) e il ‘
,gydm polypus, od., 1bid. figs, 842-844,

TYDRA,

This species differs from A, uuzéaris in the following characters :—

(1) Even when the gastral cavity is empty, the basal part

of the column is distinetly more slender than the upper
arbsc | il b

@) _egan when the animal is at rest, the tentacles are much

. longer than the column ; i ,

(8) the nettle-cells of both types arve usually smaller and

~+ more uniform in size than in the other species; those
with barbed threads (fig. 27, p. 131) are always fask-
shaped and somewhat narrower in proportion to their
length, while those with simple threads are pointed or
almost pointed at their distal end ;

(4) the stinging threads of the more complex form arve cowm-
paratively stout and short; ‘

() there ave comparatively few nettle-cells in the column ;

(6) the egg-shell is nearly smooth or covered more or less
completely with short, simple spines (fig. 28, p. 187).

H. oligactis is usually a more vigorous form than H. vulgaris
and, in spite of its name, has often a considerable number of
tentacles. The few Indian specimens examined have, howeyer,
been small and have not had more than six tentacles, I have
not seen an Indian specimen with more than two buds, but
Buropean specimens sometimes produce a great many, and as
the daughter buds do not always separate from the parent until
they have themselves produced buds, temporary colonies of some
complexity arise ; Chun figures a specimen with nineteen daughter
and granddaughter buds *.

In Burope and N. Amerien there appear to be two races or
phases of the species. To avoid ambiguity they may be ecalled
form A and form B and described as follows ;-

Form A is of vigorous growth, It is as a rule dicecious, and

@ its reproductive organs may be borne practically at any
level on the surface of the column. 1Its eggs are spherical
and as a rule covered almost uniformly with spines.

* Pallag writes as regards this ‘‘ pulcherrime vegetantem varietatem” with
his vsual critical insight, « Vix tamen peculiavis speciei nomine salutanda
wvidetur.” = It is probably the Hydra socialis of Linné. )
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adherent, and devoid of spines.

The larger form ggA) wasg originallywnémed Hydra “m:mc‘tegiaa'by‘
904 expressed a wish to substitute for the

Downing, who in 1 _ » i
specific name, which had been given through inadvertence, the
more appropriate one diccia. As, however, it appears to be

the commoner of the two in northern Europe, we may regard

it ag probably being the one named Hydra oligactis by Pallas and
therefore may accept it as the forma typica of that species.
According to Brauer (1908) the smaller form is Linnd’s ydra
polypus 3 but the original description of the *species” hardly
bears out this view. = As reproductive organs have not yet been
found in Indian specimens, 1t is impossible to say to which of the
two forms they belong. | G
A red form of H, oligactis occurs in Tibet in the lake Rham-tso,
ab an altitude of about 15,000 feet and has been reported from
various small lakes in mountainous parts of Europe. It is pro-
bably the form called Hydra rhatica by Asper, but his figures are
lacking in detail and appear to have been drawn from specimens
in a state of partial contraction. H. rubra, Lewes (Ann, Mag.
Nat. Hist. (3) v, p. 71, 1860), may also be identical with this form.
Roux, indeed, states that #1. rubra is only found living unattached
at considerable depths (Ann. Biol. lacustre ii, p. 266, 1907) ; but
this statement does not accord with the fact that Lewes’s spe-
cimens were found in ponds on Wimbledon Common.
TYPE not in existence. | ‘
Goograraiosr DisrriBurioN.—H. oligacetis is widely distributed
in Europe and N, America, but in India has omly been found in
and near the city of Lahore in the Punjab. ‘
Brorogy.—This species was found by Major J. Stephenson,
I.M.8., in the basin of a fountain at Lahore and in an ornamental
canal in the Shalimar Gardens on the outskirts of the same city.
- Nothing is known as regards its habits in this country. In
N. America, according to Downing, form B breeds in September
and October and form A from October to December. The egas
of form B remain attached te the parent until the two cellular
layers are formed and then drop off, whereas those of form A are
fixed by the parent to some extraneous object, its column don-
tracting until they are in a favourable position for attachment.
The colour of Indian examples of H. oligactis apparently re-
sembles that of the Calcutta winter brood of . vulgaris so far as
visual effect is concerned, but I have noticed in specimens from
Lahore and the neighbourhood that very minute spherical bodies
of a dark green colour are present in the endoderm cells.

L]

Form B is smaller lind has smaller and more variable nettle-
cells. Its reproductive organs ave borne only on the
distal third or at the base of its column and it is often
moucecious. The lower surface of its egg is flattened,

et






‘INTRODUCTION TO FART IIL

Il
StATUS AND STRUCTURE OF THE Poryzoa.

The Polyzoa constitute a class in the third great division of the
animal kingdom, the so-called Triploblastea. In this division are
ineluded also the worms, molluses, insects, erustacea, spiders,
vertebrates, etc.; for heterogeneous as its elements appear, all
these animals may be considered to have essential features in
common, in particular a body consisting primarily of three
cellular layers. Most of them also possess a body cavity distinct
from the alimentary canal. Some authors regard the position of
the polyzoa as near that of the higher worms, but the group is
an isolated one, : ‘

In considering the anatomy of simple forms of animal life such
as the sponges it is necessary to pay attention mainly to individual
cells, but in discussing more complicated forms our notice is first
attracted to tissues and organs, for the cells of which these tissues
and organs are composed have each a definite position, a definite
structure, and a definite funection. The most characteristic
feature of the polyzoa, considered from this point of view, is the
fact that most of their organs fall into one of two categories and
are counected either with what is called the “zomecium” or with
what is known as the ¢ polypide.” The zocecium is a cage in
which the polypide is enclosed, but it is a living cage, differing
from the shell of & snail or the tubes in which many worms encase
themselves in being part of the animal itself. The polypide
consists mainly of the organs connected directly and indirectly
with nutrition and of part of the muscular system ; its name is
dergred from fhe fact that it bears a superficial resemblance to a
polyp such as Hydra. ; e

The shape and structure of the zocecium differs greatly in
different groups of polyzoa. In its simplest form it is merely a
eylindrical tube of living matter which secretes an outer horny or
gelatinous covering. = It is open at the end furthest from its base,
at which it 18 attached either to another zooscium or to some kind
of supporting strueture. Certain parts of the polypide can -
always be extruded from the aperture, which is known technijcally
as the ‘orifice,” or withdrawn through it into the zocecium.

M2




CTONOSTOMATA AND PHYLACTOLAMATA,

When the polypide id’ rotracted it draws in with it a poftion of

the zocecium. The dead outer layer or ectocyst lines part of the

portion thus invaginated and forms the walls of a cavity within
the orifice. The base of this cavity consists in many forms of a
transverse partition pierced in the middle by a circular hole and
known as the * diaphragm.” The diaphragm, however, doeg not
constitute the limit of the invaginated portion of the zocecium,
for the living inner wall or endocyst is dragged in still further and
forms a sheath round the retracted tentacles, When the tentacles
are protruded they emerge through the hole in the diaphragm,
carrying with them their sheath of endocyst. The invagination
above the diaphragm, consisting of both endocyst and ectocyst, is

then everted. |

The tentacles are a characteristic feature of the polypide.
Together with the base to which they are attached they are
known as the “lophophore ”’; they surround the mouth, usually
in a cirele. " They differ widely from the tentacles of Hydra in
both structure and funetion, although they too serve as organs for
the capture of prey; they are not highly contractile and are not
provided with nettle-cells but are covered with cilia, which are in
constant motion, When extruded they form a conspicuous calix-
like crown to the,zocscium, but in the retracted condition they are
closely pressed together and lie parallel to one another. They are
capable individually of motion in all directions but, although they
I uﬁual ly move in concert, they cannot as a rule seize objects between
“them.

The mouth is a hole situated in the midst of the tentacles. It
leads directly into a funnel-shaped cesophagus, the upper part of
which is lined with cilin and is sometimes distinguished as the
“pharynx,” while the lower part, the cesophagus proper, is a
thin-walled tube that conmects the pharynx with the stomach,
which it enters on the dorsal side. The stomach is a bully
organ’ that differs markedly in form and structure in different
groups of polyzoa. It is lined internally with glandular cells and
the inner wall is sometimes thrown into folds or *ruge,’ The
part with which the cesophagus communicates is known as the
‘¢ cardiac ” portion, while the part whence the intestine originates
ig called the * pylorus ” or “pylorie ” portion. The intestine com-
mences on the ventral side opposite the entrance of the wsophagus
and nearly on a level with it, the bulk of the stomach depending
hetween the two tubes. This part of the stomach is often pro-
duced into a blind tube, the fundus or ceecum. The alimentary
canal may therefore ‘be described as distinetly Y-shaped. The
proximal part of the intestine is in some forms lined with cilia,
and the tube as a whole is usually divided into two parts—the
intestine proper, which is nearest the stomach, and the rectum,
which opens by the anus not far from the mouth. ;

The nervous system consists of a central ganglion or brain,
which is situated at the base of the tentacles on the side neavest
the anus and gives out radiating nerves in all directions. Close
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to the brain and providing a communicat'on between the cavity
of the zocecium and the cavity in which the tentacles are contained
(or, in the case of an expanded polyp, the external world) is a
ciliated tube known as the “intertentacular organ.” Apparently
it acts as a passage through which the genital products are

o

G,
Fig. 30.—Vertical section through a polypide of Aleyonidium with the
‘ i polypide retracted (after Prouho).

A = orifice; B = contracted collar; O = diaphragm; D = parieto-vaginal
. muscles; X = tentacles: F = ghur‘ynx; G = wsophagus ; H = stomach ;
7 = intestine ; K = rectum ; I = intertentacular orvgan; M = retractor

musele; N = testes; O = ovary; P=funiculus; Q = parietal muscles;

'R = ectoeyst ; 8 = endocyst.

expelled ; but contradictory statements have been made regarding
it, and perhaps it is present only at certain seasons or in certain
conditions of the polypide.

The muscular system is often of a complicated nature, bub
three sets of muscles may be distingnished as being of peculiar
importance, viz., (i) the retractor muscles, which are fixed to the

I mREMOBTGIaN, 0o el




166 CTENOSTOMATA AND PHYLACIOLEMATA.
base of the lophophor{ at one end and to the base of the zocecium
at the other, and by contracting pull the former back into the
zoceeium ; (1) the parieto-vaginal muscles, which connect the
upper part of the invaginated portion of the zogecium with the ¢
main wall thereof; and (1ii) the parietal muscles, which run round
the inner wall of the zocecium and compress the zomeium as a
whole. The parietdl muscles are not developed in the Phylacto-

. lemata, the most highly specialized group of freshwater polyzoa.

The cavity between the polypide and the zocecium containg
a reticulate tissue of cells known as the ¢ funicular” tissue, and
this tissue is usually concentrated to form a hollow strand or
strands (* funiculi ) that eonnect the outer wall of the alimentary
canal with the endocyst. !

This rapid sketch of the general anatomy of a simple polyroon
will be the best understood by comparing it with fig. 30, which
represents, in a somewhat diagrammatic fashion, a vertical section
through a single zowcinm and polypide of the order Ctenostomata,
to which some of the freshwater species belong. The polypide is
répresented in a retracted condition in which the Y-shaped dis-
psition of the alimentary canal is somewhat obscured.

In the great majority of cases the polyzoa form permanent
colonies or polyparia, each of which consists of a number of
individual zocecia and polypides connected together by threads
aof living tissue. These colonjes ave formed by budding, not by
independent individuals becoming associated fogether. In a few
cases compound colonies are formed owing to the fact that separate
simple colonies congregate and secrete a common investment;
but in these cases there is no organic connection between the
constituent colonies. It is only in the small subclass Entoprocta,
the polypides and zoecia of which are not nearly so distinet from
one another as they are in other polyzoa (the Ectoprocta), that
mature solitary individuals occur, ‘ ‘

As representatives of both subclasses of polyzoa and of more
than one order of Ectoprocta occur in fresh water, I have prefaced
my description of the Indian species with a synopsis of the more
conspicuous characters of the different groups (pp. 183-186).

Carrure AND DriepsTioN OF Foop : BLIMINATION OF
Wasre Propuors,

The food of all polyzoa consists of minute living organisins,
but its exact nature has been little studied as regards individual
species and genera. In Vietorella bengalensis it consists largely of
diatoms, while the species of Hislopia and Arachnoidea possess an
alimentary canal modified for the purpose of retaining flagellate
organigms until they become encysted. Similar organisms form a
large part of the food of the phylactolmmata. L

Although the tentacles may be correctly described as organs
used in capturing prey, they do not themselves seize it but waft
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it by means of the currents set up by thsir cilia to the mouth,
into which it is swept by the currents produced by the cilia
~ lining the pharynx. The tentacles ave also able in some species
. to interlace themselves in order to prevent the escape of prey.
- Apparently they have the power of rejecting unsuitable food, for
. they may often be observed to bend backwards and forwards and
thrust particles that have approached them away,and if the water
containg anything of a noxious nature in solution the lophophore
is immediately retracted, unless it has been completely paralysed.
In the phylactolemata the peculiar organ known as the epistome
i capable of closing the mouth completely, and probably acts as
an additional safegnard in preventing the ingestion of anything
of an injurious nature. j
In many genera and larger groups the food commonly passes
~ down the pharynx into the stomach without interruption, although
it is probable that in all species the cmsophagus can be closed %
off from the stomach by a valve at its base. In some forms,
however, a gizzard ” is interposed between the esopbagus and
the stomach. This gizzard has not the same function in all cases,
for whereas in some forms (e. g., in Bowerbankia) it is lined with
herny projections and is a powerful crushing organ, in others
(6. g., in Hislopia or Vietorella) it acts as an antechamber in which
food can be preserved without being crushed until it is required
for digestion, or rough indigestible particles can be retained which
would injure the delicate walls of the stomach. ‘

Digestion takes place mainly in the stomach, the walls of which
are of a glandular nature. The excreta are formed into oval masses
in the rectum and are extruded from the anus in this condition.

- Although the gross non-nutritious parts of the food are passed
per anum, the waste products of the vital processes are not
eliminated so easily, and a remarkable process known as the forma-
tion of hrown bodies frequently takes place. This process
cannot be deseribed more clearly and suceinctly than by quoting
Dr. Harmer’s description of it from pp, 471 and 472 of vol. ii.
of the Cambridge Natural History, a volume to which 1 have
been much indebted in the preparation of this introduction
The description is based very largely on Dr. Harmer’s own
observations *, e

“The tentacles, alimentary canal, and nervous system  break
down, and the tentacles cease to be capable of being protruded.
The degenerating organs become compacted into a rounded mass,
known from its colour as the ‘brown body. @ This structure may
readily be seen in a large proportion of the socscia of transparent
species. In active partsof the colony of the body-wall next develops
an internal bud-like structure, which rapidly acquires the form of

~a new polypide. This takes the place originally occupied by the

* Q. 3. Micr. Soi, xxxiii, p. 128 (1892).
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old polypide, while (e latter may either remain in the zomeium

in the permanent form of a ¢ brown body,” or pass to the exterior.

In Flustra the young polypide-bud becomes connected with the

‘brown body’ by a funiculus, The apex of the blind pouch or

“ceum’ of the young stomach is guided by this strand to

the ¢ brown body, which it partially surrounds. The *brown
body’ then breaks‘ap, and its fragments pass into the cavity of
the stomach, from which they reach the exterior by means of the
anus,” ‘ ]

Brown bodies are rarely if ever found in the phylactolemata,

in which the life of the colony is always short; but they are not
uncommon in Hislopia and Pictorella, although in the case of the
former they may easily escape notice on account of the fact that
they are much paler in colour than is usually the case, When
they are found in a ctenostome the collar-like membrane charac-
teristic of the suborder is extruded from the orifice (which then
disappears) and rewains as a conspicuous external addition to the
zoweium, the ectocyst of which, at any rate in Bowerbankia and
Victorella, sometimes becomes thickened and dark in colour.

It is noteworthy that the colouring matter of the brown bodies
i practically the only colouring matter found in the polypides of
most polyzoa. Young polypides are practically colourless in
almost all cases.

Rupropucrion : Bunping.

. Polyzoa reproduce their species in three ways—(i) by means of
eggs, (ii) by budding, and (iii) by means of bodies developed asexually
aud capable of lying dormant in unfayourable conditions without
losing their vitality.

Most, if not all species are hermaphrodite, eggs and spermatozoa
being produced either simultaneously or in succession by each
individual, or by certain individuals in each zoarium. The repro-
ductive organs are borne on the inner surface of the endocyst, as
a rule in a definite position, and often in connection with the
funiculus or funiculi. It is doubtful to what extent eggs are
habitually fertilized by spermatozos of the individual that has
horne them, but in some cases this is practically impossible and
spermatozoa from other individuals must be intreduced into the
zogecium.

Budding as a rule does not result in the formation of independent
organisms, but is rather comparable to the proliferation that has
become the normal method of growth in sponges, except of course
that individuality is' much more marked in the component parts
of a polyzoon colony than it is in a sponge. In the genera
described in this volume budding takes place by the outgrowth of
a part of the body-wall and the formation therein of a new
polypide, but the order in which the buds appear and their arrange-
ment in reference to the parent zocecium is different in the
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different groups. In the freshwater cteno tomes three buds are
typically produced from each zooscinm, one at the anterior end
.and one at either side, the two latter being exactly opposite one
another. The parent zocecium in this formation arises from
another zoecium situated immediately behind it, so that each
‘Zomeinm, except at the extremities of the zoarium, is connected
with four other zocecia, the five together forming a cross. The
two lateral buds are, however, frequently suppressed, or only one
of them is developed, and a linear series of zocecia with oceasional
lateral branches is formed instead of a series of crosses. In the
phylactolemata, on the other hand, the linear method of budding
18 the typical one, but granddaughter-buds are produced long
‘before the daughter-buds are mature, so that tﬁe zogecia  are
frequently pressed together, and lateral buds are produced ir-
regularly, In Victorella additional adventitious buds are produced
treely near the tip of the zocecium. ,

Reproduction by spontaneous fission sometimes oceurs, especially
in the Lophopin®, but the process differs from that which takes
place when a Hydra divides into two, for there is no division of

_individual zocecia or polypides but merely one of the whole -
zoarium,

The production of reproductive bodies analogous to the gem-
mules of sponges appears to be confined in the polyzoa to the
species that inbabit fresh or brackish water, nor does it occur in
all of these.

All the phylactolmata produce, within their zoceela, the bodies
known as statoblasts. These bodies consist essentially of masses
of cells containing abundant food-material and enclosed in a
capsule with thick horny walls. In many cases the capsule is
surrounded by a ¢ swim-ring ” composed of a mass of horny-walled
chambers filled with air, which renders the statoblast exiremely
light and enables it to float on the surface of the water; while in
some genera the margin of the swim-ring bears peculiar hooked
processes, the function of which 1s obscure. The whole structure
first becomes visible as a mass of cells (the origin of all of which
is not the same) formed in connection with the funiculus, and
the statoblast may be regarded as an internal bud. Tts origin and
development in different genera has been' studied by several
authors, notably by Oka* in Pectinatella, and by Braemt in
Oristatella. ;

The external form of the statoblasts 1s very important in the
classification of the phylactolemata, to which these structures are
confined. In all the genera that occur in India they are flattened
and have an oval, eircular, or approximately oval outline.

In temperate climates statoblasts are produced in great <

* Journ, Coll. 8ei. Tokyo, 1v, p. 124 (1891).
+ Bibliothees Zoologica, i, pt. 6, p. 17 (1890).
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profusion at the apfiroach of winter, but in India they occur,
in most species, in greatest numbers at the approach of the hot
weather, | " S I e |
In the family Paludicellide (ctenostomata) external buds which o
resemble the statoblasts in many respects are produced at the -
approach of unfavourable climatic conditions, but no such buds
are known in the‘family Hislopiide, the zoaria of which appear
to be practically perennial. The buds consist of masses of cells
tormed at the points at which ordinary buds would naturally be
produced, but packed with food-material and provected like
statoblasts by a thick horny coat. It seems also that old zoceeia
and polypides are sometimes transformed into buds of the kind
(fig. 31), and it is possible that there is some connection between

Fig. 31.—Part of the zoarium of Victorella bengalensis entirely transformed
into resting buds, X 25, (From an aquarium in Calcutta.)

the formation of brown bodies and their production. Like the
statoblasts of the phylactolemata the resting buds of the
Paludicellidee are produced in Europe at the approach of winter,
and in India at that of the hot weather.

DuyurLopMuNT.
(a) From the Egq.

Some polyzoa are oviparous, while in others a larva is formed
within the zoecium and does not escape until it has attained some
complexity of structure. Both the ctemostomatous genera that
are found in fresh water in India are oviparous, but whereas
in Victorella the egg is small and appears to be extruded soon
after its fertilization, in Hislopia it remains in the zocecium for a
considerable time, increases to a relatively large size, and in some
unknown manner accumulates a considerable amount of food-
material before escaping. Unfortunately the development is
unknown in both genera. ; .

In the phylactolemata the life~-history is much better known,
having been studied by several authors, notably by Allman, by
Kraépelin, and by Braem (1908). The egg is contained in a thin
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membrane, and while still enclosed in the jzocecium, forms by
regular division a hollow sphere composed of similar cells.  This
sphere then assumes an ovoid form, becomes covered with cilia
s externally, and breaks its way through the egg-membrane into
the cavity of the zoecium. Inside the embryo, by a process
analogous to budding, a polypide or a pair of polypides is formed.
Meanwhile the embryo has become distinetly’ pear-shaped, the
polypide or polypides being situated at its narrow end, in which a
pore makes its appearance. . The walls are hollow in the region
occupied by the polypide, the cavity contained in them being
bridged by slender threads of tissue. The larva thus composed
makes its way out of the zocecium, according to Kraepelin thirough
‘the orifice of a degenerate bud formed For its reception, and
swims about for a short time by means of the cilta with which it
is covered. [Its broad end then affizes itself to some solid object,
the polypide is everted through the pore at the narrow end and
the whole of that part of the larva which formerly enclosed it
is turned completely inside out. A zoarium with its included
polypides is finally produced from the young polypide by the
rapid development of buds. ! i

: il
(b) From the Statoblast and Resting Buds. A

There is little information available as regards the development
of the young polyzoon in the resting buds of the freshwarer
ctenostomes. . In Paludicella and Pottsiella the capsule of the bud
splits longitudinally into two valves and the polypide emerges
between them ; but in Vietorella bengalensis one of the projections
on the margin of the bud appears to be transformed directly into
the tip of a new zowcinm and the capsule is gradually ubsorbed.

Contradictory statements have been made as regards gbveral
important points in the development of the statoblast and it is
probable that considerable differences exist in difforent species,
The following facts appear to be of general application. The
cellular contents of the capsule consist mainly of a mass of cells
packed with food-material in a granular form, the whole enclosed
mn 8 delicate membrane formed of flat cells. When conditions
become favourable for development a cavity appears near one end
of the mass and the cells that form its walls assume a colummnar
form in vertical section. The cavity increases rapidly in size,
and, as it does s0, a young polypide is budded off from its walls.
Another bud may then appear in a similar fashion, and the
zowciam of the first bud assumes its characteristic features, The
capsule then splits longitudinally into two disk-like' valves and
the young polypide, in some cases already possessing a daughter
bud, emerges in its zocecium, adheres by its base to some external
object and produces a new polyparium by budding. The two
valves of the statoblast often remain attached to the zoarium that
has' emerged from bhetween them until it attains considerable
dimensions (see Plate 1V, fig, 3 ),
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‘What conditions favour development is a question that eannot
yet be answered in a satisfactory manner. Statoblasts can lie
dormant for months and even for years without losing their power
of germinating, and it is known that in Burope they germinate ¢
more readily after being subjected to a low temperature. In
tropical India this is, of course, an impossible econdition, but
perhaps an abnorinally high temperature has the same effect.
At any rate it is an established fact that whereas the gemmules of
most species germinate in Europe in spring, in Bengal they
germinate either at the beginning of the “rains” or at that of
our mild Indian winter.

MoveMuNTS,

In the vast majority of the polyzoa, marine as well as fresh-
water, movement is practically confined to the polypide, the
external walls of the zoecium being rigid, the zomeia being closely
linked together and the whole zoarium permanently fixed to some
extraneous object: In a few freshwater species belonging to the
genera Cristatella, Lophopus, Lophopodelle and Pectinatella, the
whole zoarium has the power of progression, This power is best
developed in Cristatella, which glides along with considerable
rapidity on a ‘highly specialized “sole” provided with abundant
mucus and representing all that remains of the ectoeyst. It is
by no means clear how the zoaria of the other genera move from
one place to another, for the base is not modified, so far as can

Fig. 82.—Zoarium of Lophopodella cnrteri moving along the stem of a water
plant, X 4. (From Igatpuri Luke.) ®

be seen, for the purpose, and the motion is extremely slow. 1t is
probable, however, that progression is effected by alternate
expansions and contractions of the base, and in Lophopodelle
(fig. 82), which moves rather less slowly than its allies, the
anterior part of the base is raised at times from the surface along
which it is moving. The whole zoarium ean be released in this
way and occasionally drops through the water, and is perhaps
carried by currents from one place to another in so doing.
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So far as the polypides are concerned, ithe most important

movements are those which enable the lophophore and the
adjacent parts to be extruded from and withdrawn into the
,zomeium, The latter movement is executed by means of the
retractor muscles, which by contracting drag the extruded parts
back towards the posterior end of the endocyst, but it is not by
any means certain how the extrusion of the lophiophore is brought
about, In most ctenostomes the action of the parietal muscles
doubtless assists in squeezing it out when the retractor and
parieto-vaginal muscles relax, but Oka states that protrusion can
be effected in the phylactolemata even after the zocecium has
been cut open. Possibly some hydrostatic action takes place,
however, and allowance must always be made for the patural
resilience of the inverted portion of the ectocyst.
" Tyen when the polypide is retracted, muscular action does not
cease, for frequent movements, in some cases apparently
rhythmical, of the alimentary canal may be observed, and in
Hislopia. contraction of the giward takes place at irregular
intervals. : .

‘When the lophophore is expanded, the tentacles in favourable
ciroumstances remain almost still, except for the movements of
their cilia; but if a particle of matter too large for the mouth to
swallow or otherwise unsuitable is brought by the currents of the
cilia towards it, individual tentacles can be bent down to wave it
away and similar movements are often observed without apparent
Lause. I

In the cheilostomes certain individuals of each zoarium are
often profoundly modified in shape and function and exhibit
almost  constant rhythmical or convulsive movements, some
(*avicularia’) being shaped like a bird’s beal and  snapping
together, others (% vibracula”) being more or less thread-like and
having a waving motion.

" Disrrisurion or man Frespwarer POLYZoA.

Tifteen genera of freshwater Polyzoa are now recognized, one
entoproctous and fourteen ectoproctous; five of the latter are
ctenostomatous and nine phylactolematous.  Of the fourteen
ectoproctous genera seven are known to oceur in India, viz,
Victorella, Hislopia, Fredericella, Plumatella, Stolella, Lophopodella,
and Pectinatella.  Fxcept Stolella, which 1s only known from
northern India, these genera have an extremely wide geographical
range; Victorella occurs in Hurope, India, Africa, and Australia ;
Hislopia in India, Indo-China, China, and Siberia ; Fredericella in
¥urope, N. America, Africa, India, and Australia ; Plumatelle in
all geographical regions ; Lophopodelle in E. and 8. Africa, India,
ing. Japan; Pectina®lla in Furope, N. America, Japan, aund
ndia.

Two genera, Paludicella and Lophopus, have been stated on
insufficient grounds to occur in India. The former is known
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from Europe and N} America, and is said to have been found in
Australia, while the latter is common in Europe and N. America
and also oceurs in Brazil. '' o W

Of the genera that have not been found in this country the
most remarkable are Urnatelle and Cristatella. The former is
the ouly representative in fresh water of the Entoprocta and has
only been found in N. Ametica. Bach individual is borne
upon a segmented stalk the segments of which are enclosed in
strong horny coverings and are believed to act as resting buds.
Cristatella, which is common in Furope and N. America, is a
phylactolematous genus of highly specialized structure. It
possesses & creeping “sole” or organ of progression at the base
of the zoarinm. « i i

The other phylactoleematons genera that do not occur in
India appear to be of limited distribution, for Australella is only
known from N. 8. Wales, and Stephanella from Japan. The
ctenostomatous Arachnoidea has on?;r been 'reported from Lake
Tanganyika, and Poitsiella only from a single locality in N. America.

As regards the exotic distribution of the Indian species little
need be said. The majority of the Plumatelle are identical with
Eunropean species, while the only species of Fredericella that has
been discovered is closely allied to the Ruropean one. The
Indian species 6f Lophopodella oceurs also in B, Africa and Japan,
while that of Pectinatelle is apparently confined to India, Burma
and Ceylon, but is closely allied to a Japanese form.

Poryzoa or Brackisy Warer,

With the exception of Victorella, which oceurs more commonly
in brackish than in fresh water and has been found in the sea,
the genera that occur in fresh water are confined or practically
confined to that medium ; but certain marine ctenostomes and
cheilostomes nof uncommonly make their way, both in Europe
and in India, into brackish water, and in the delta of the Ganges
an entoproctous genus also does so. The ctenostomatous genera
that are found occasiomally in brackish water belong to two
divisions of the suborder, the Vesiculatina and the Alcyonellea.
To the former division belongs Bowerbankia, a form of which
(B. caudata subsp. bengalensis, p. 187) is often found in the
Ganges delta with Victorella bengalensis. No species of Aleyonellea
has, however, as yet been found in Indian brackish waters. ®The
two Indian cheilostomes of brackish water belong to a genus
(Membranipora) also found in similar gituations in EBurope. One
of them (M. lacrotzii *) is, indeed, identical with a Buropean form

* There is some doubt as to the proper name of this species, which ma
not be the one originally described as .gleé‘mhm-ﬁipo‘m laeroizii by Andouin,
follow Busk and Hincks in my identification (see Uat. Polyzoa Brit. Mus. i,
p. 60, and Hist. Brit. Polyzoa, p. 129). . Levinsen ealls it M. hippopus, Sp. nov.
(see Morphological and Systematic Sbudies on the Obeilostomatous Bryozon,
p. 144 ; Copenhagen, 1909).
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- that occurs in England both in the sea and iy ditches of brackish
water. I have found it in the Cochin Dbackwaters, in ponds of
brackish water at the south end of the Chilks Lake (Ganjam,
«Madras), on the shore at Puri in Orissa, and in the Mutlgh River
at Port Canning. The second species (M. bengalensis, Stoliczka)
is peculiar to the delta of the Ganges * and has not as yet been
found 1n the open sea, The two species are easily recognized
from one another, for whereas the Lip of M. bengalensis (fig. 38)

Fig. 33.—Outline of four zoweia of Membranipora bengalensis, Stoliczka (from
type specithen, after Thornely). In the lsft appek zoceeium the lip
is shown open,

bears a pair of long forked spines, there are no such structures on
that of M. laeroizii, the dorsal surface of which is ‘remarkably
transparent, M. lacroiwii forms a flat zoarinm, the only part
vigible to the naked eye being often the beaded margin of the
zocecia, which appears as a delicate reticulation on bricks, lags of
wood, the stems of rushes and of hydroids, ete. ; but the zoariuth
of M. bengalensis is as a rule distinetly foliaceous and has a
peculiar silvery Instre,

Lowosomatoides + (fig. 84), the Indian entoproctous genus found
in brackish water, has not as yet been obtained from the open
sea, but has recently been introduced, apparently from a tidal
creek, ‘into isolated ponds of brackish water at Port Canning.
It is easily recognized by the chitinous shield attached to the
ventral (posterior) surface,

* Miss Thornely (Rec. Ind. Mus. i, p. 186, 1907) records it from Mergui,
but, this is an error due to an almost illegible lnbel  The specimens she
examined were the types of the species from Port Canning. = Since this was

written T bave obtained specimens from Bombay—dpril, 1911,
T Annandale, Rec, Ind. Mus. ii, p. 14 (1908),
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Fig. 84.- L toides colonialis, Annandale.

A and B, a single individual of form A, as seen (A) in lateral, and (B) in
ventral view; O, outline of a similar individual with the tentacles
retracted, as seen from in front (dorsal view); D, ventral view of an ‘
mdividual and bud of form B, All the figures are froni the type specimens
and are multiplied by about 70.
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' Hisrory or mup Sruvy oF run Fresawarnr Poryzon.

The naturalists of the eighteenth cenbury were acquainted with
more than one species of freshwater polyzoon, but they did not
distinguish these species from the hydroids, %rembley discovered
Cristatella, which he called “ Polype & Panache,” in 1741, and
Linné described a species of Plumatelle under the name Pubipora
repens in 1758, while ten years later Pallas gave a much fuller
description (under the name Twbularia Jungosa) of the form now
known as Plumatella fungosa or P. repens var, Jungose.,  Although
Trembley, Baker, and other early writers on the fanna of fresh
water published valuable biological notes, the first really important
work of a comprehensive nature was that of Dumortier and
van Beneden, published in 1848, All previous memoirs were,
however, superseded by Allman’s Monograph of the Fresh-Water
Polyzoa, which was issued in 1857, and this memoir remains in
certain respects the most satisfactory that has yet been produced.
In 1885 Jullien published a revision of the phylactolemata and
freshwater ctenostomes which is unfortunately vitiated by some
curious lapses in observation, but it is to J yllien that the
recognition of the proper position of Hislopic is due, The next
comprehensive monograph was that of Kraepelin, which appeared
in two parts (1887 and 1892) in the Abhandlungen des Naturwiss,
Vereins of Hamburg. In its detailed information and carefully
executed histological plates this work is superior to any that
preceded it or has since appeared, but the system of classification
adopted is perhaps less liable to criticism than that followed by
Braem in his ¢ Untersuchungen,” published in the Biblistheca
Zioologica in 1888, ‘

During the second half of the nineteenth century and the first
decade of the twentieth several authors wrote important works
on the embryology and anatomy of the phylactolemata, notably
Kraepelin, Braem, and Oka; but as yet  the ctenostomes of
fresh water have received comparatively little attention from
anything but a systematic point of view.

From all points of view hoth the phylactolemata and the eteno-
stomes of Asia have been generally neglected, except in the case
of the Japanese phylactol®mata, which have been studied by Oka.
Althengh Carter made some important discoveries as regards the
Indian forms, he did not devote to them the same attention ag
he did fo the sponges. In the case of the only new genus he
described he introduced a serious error into the study of the two
groups by placing Hislopia among the cheilostomes, instead of in
its true position as the type genus of a highly specialized family
of ctenostomes.

Tor fuller details as to the history of the study of the fresh-
water Polyzoa the student may refer to Allman’s and. to Kraepelin’s
monographs, An excellent summary is given by Harmer in his

N
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chapter on the freshavater Polyzoa in vol. ii, o‘fwthje Cambrid;gé:
Natural History; and Loppens has recently (1908) published in
the Annales de Biologie lacustre a concise survey of the systematic

work that has recently been undertaken. Unfortunately he per- .

petuates Carter’s error 4s regards the position of Hislopia.

Bierroararay or THE Fresawater PorLyzoa.

A very full bibliography of the freshwater Polyzoa will be
found in pt. i of Kraepelin’s “ Die Deutschen Siisswasser-
bryozoen ” (1887), while Loppens, in his survey of the known
. speeies (Ann. Biol. lacustre, ii, 1908), gives some recent references.
The following list contains the titles of some of the more important
works of reference, of memoirs on special points such as repro-
duction and: of papers that have a special reference to Asiatic
species.  Only the last section is in any way complete;

(&) Works af Reference.

| 1847, Vax BrNepey, “Recherches sur les Bryozoaires fluviatiles de

Belgique,” Mém. Ae, Roy, Belgique, xxi,

1860. Dumorrier and Vin Benuony, “ Histoire Naturelle des Polypes
composés ('ean douce,” 2¢ partie, Mém. Ac. Roy. Bruxelles, xvi
(complément). ‘ ‘

1866, Arramax, “ A Monograph of the Fresh-Water Polyzoa” (Liondon).

1866~1868. Hyarx, *“Ohservations on Polyzoa, suborder Phylacto-
leemata,” Comm, Kssex Inst. iv, p. 197, v, p. 97,

1880. Hincxs, “ A History of the British Marine Polyzon.”

1885, Jurrmy, ¢ Monographie des Bryozoaires d’eau douce,” Bull. Soc.
«z00l. France, x, p. 91.

1887 & 1892. Krawpuriy, “Die deutschen Siisswasserbryozoen,” Ab-
handl, Nat. Vereins Hamburg, x & xii.

1890. Brary, “Untersuchungen des Bryozoen des siissen Wassers,”
Bibl. Zool. ii, Helt 6 (Cassel). )

1896, Hanmrg, Cambridge Natural History, ii, Polyzoa, chap. xviii.

1899, Komrscuerr and Heroer, ¢ Embryology of Invertebrates,” vol. ii,
chap. xvi. (English edition by Bernard and Woodward, 1899.)

1908, Lorrrxs, “ Les Bryozoaires d'ean douce,” Ann, Biol, lacustre, iii,
p. 141, :

(b) Special Works on. Embryology, etc.
1875, Nirsonw, “ Beitrige zur Kenntniss der Bryozoen,” Zeitschr. f.
wiss. Zool, xxv (supplement), p, 348, ‘
1880. ReinmarD, “Zur Kenntniss der Siisswasser-Bryozoen,” Zool.
Anz, i, p. 208, ‘
1888. Bram, ¢ Untersuchungen iiber die Bryozoen des siissen Wassers,”
Zool. Anz, xi, pp, 608, 538, |

1891, Oxa, “Observations on Freshwater Polyzoa,” J, Coll. Sci. Tokyo,
v, p. 89, j
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1908, Wircox, % Loeomot“ionwjin youn 'colén‘iem{of“Pgectz‘mtellawmayn“' el

Jica,” Biol, Bull. Wood’sfg’cﬂl,g. | : ‘ ‘ |
1908, Bragy, “Die geschlechtliche Entwickelung von  Fredericella

’ sultana nebst Beobachtungen iiber die weitere Lebensgeschichte

der Kolonien,” Bibl. Zool. xx, Heft 52. = .

 (¢) Papers that refer specifically to Asiatic species. ‘
1851, L?Ing described Plumatella diffusa in Proc. Ac. Philad, v, p. 261
1859). ‘ ‘ b ‘
1858, Canrur, “Description of a Lacustrine Bryozoon allied to Flustra,”
~ Ann, Nat, Hist. (3) i, p. 169. i ‘ i
1869, Oarrrr, % On the Identity in Structure and Composition of the
so-called Seed-like Body of Spongille with the Winter-egg of
the Bryozoa; and the presence of Starch-granules in each,”
Ann, Nat. Hist. (3) iii, p. 881, (Statoblast of Zophopodelln
described and figured.) |

1862, MrromrLy, * Freshwater Polyzoa,” Q. J. Micr. Sei. (new series)

ii, p. 61. ' (* Lophopus” recorded from Madras.)
1866. Hyarr, “Observations on Pulyzoa, suborder Phylactolemata,”
Comm, Fssex Inst. iv, p. 197, (““ Pectinatella carters” named.)

1869, Srovrrezra, “On the Anatomy of Sagartia  schilleriana and
Membranipora bengalensis, a new coral and a Pryozoon living in
brackish water at Port Canning,” J. As, Soc. Bengal, xxxviii, ii,
p: 28. : ‘

1880, Jurrimy, ¢ Description d'un nouveau genre de Bryozoaire Cheilo-
stomien des eaux douces de la Chine et du Camhodge et de deux
especes nouvelles,” Bull. Soc. zool. France, v, p. 77,  (* Noro-
donia” deseribed.)

1885, Jurriey, ¢ Monographie des Bryozoaires d'eau douce,” Bull, Soe.
zo0ol. France, x, p, 91. (Hislopia assigned to the ctenostdmes.)

1887, Kramperay, “Die deutschen Siisswasserbryozoen,” Abh. Ver.
Hamburg, x. (Phematella philsppinensis.)

1891, Oxa, *“Observations on Freshwater Polyzoa,” J. Coll, Sei, Tolkyo,
v, p. 89,

1898, Mrisswer, ‘‘Die Moosthiere Ost-Afrikas,” in Mobiug's Deutsch-

- Ost-Afrika, iy. (Lophopodella earteri recorded from B, Africa.)

1901. Xorornerr, ¢ Faunistische Studien am Baikalsee,” Biol. Centrbl.
xxi, pi 805, (% Zehinella” described.)

1904-1906. Rousserrr, “On anew Freshwater Polyzoonfrom Rhodesia,

- Lophapodella thomast, gen. et sp. nov.”, J. Quekett Club (2) ix,
p. 46, (Genus Lophopodella described.)

1906, AnnanpaL®, “ Notes on the Freshwater Fauna of India. No. II,
The Attinities of Heslopia,” J. As. Soc. Bengal (new series) ii, p. 59.

1906, Krasprriy, ¢ Eine Siisswasser-bryozos (Plumatella) aus Java,”
Mitth. Mus, Hamburg, xxiii, p. 143,

1907. Axnanpars, ¢ Notes on the Freshwater Fauna of India, No, XIL
The Polyzoa occurring in Indian Fresh and Brackish Pools,”
J. As. Soc, Bengal (new series) iii, p. 83,
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1907, ANNANDALE, ¢ Sﬁatoblam from the surface of a Himalayan Pond,”

1907

1907, ANNANDALE, “The Fauna of Brackish Ponds at Port‘(}d.,x‘:ﬁih‘g,‘
Lower Bengal : VI.—Observations on the Polyzoa, with further

CIENOSTOMATA AND PHYLACTOLAMATA,

Rec, Ind. Mus. ', p. 177. :

. AnNaxDarm, ¢ The Fauna of Brackish Ponds at Port ‘Canning'%: .
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GLOSSARY OF TECHNICAL TERMS USED
AN panr o

Brown body 'L, oA body‘ formed in a zocecinm by the de-
‘ genemtion of a polypide as a preparation
or its regeneration. ~

Cardiae portion (of the That part which communicates with the
stomach), wesophagus. j '

Ol LG A longitudinally pleated circular membrane
y capable of being thrust out of the orifice
in advance of the lophophore and of
closing together inside the zocecinm above
the tentacles when they are retracted.

Dorsal surface L1 . (Of wowcium or polypide) the surface
nearest the mouth; "of statoblust) the
surface furthest from that by which the
statoblast is attached to the funiculus
during development.

erneyst Gy e ++.. The outer, structureless layer of the zo-
@einm. »

Emarginate (of a zoecium), Having a thin or defective triangular area
in the ectocyst at the tip.

4 B
ooyt o ¢essvavy . The inner, living (cellular) layer of the
A zZooecium,
Epistome .. ... ..\ Pl e A leaf-like ciliated organ that projects

upwards and forwards over the mouth
between it and the anus.

Podidug 0o, A strand of tissue joining the alimentary
' canal to the endocyst.

Furrowed (of a zocecium). . Having a thin or defoctive lon itudmal
y linear strealk in the ectocyst on the dorsal

o « Surface.

Gizzard ....,....000000 Achamber of the alimentary canal situated
at the cardiac end of the stomach and
provided internally with a structureless
lining:,

Intertentacylar organ. .. , .. A ciliated tube running between the cavity
of the zocecium and the external base of
the lophophore,

Keeled (of a zocecium) ..., Having a longitudinal ridge on the dorsal
; surface,
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Lophophore . .., . .

statohlast),
@sophagus . . , ...

Parietal museles .. ........

" Parieto-vaginal muscles. . .,

Polyparium, . .. ... Frai

Folymride 0 b diad

Pylorie  portion (of the
stomach). o

Resting bud. .. ..

Retractor muscles . .......

Stotablast .0 o

Swim-ring

Ventral surface ..........

Vit S SRR

Zocecium

| OTENOSTOMATA AND PHYIACTOLEMATA.

il

 The tentacles with the bass fo which they
are attached. 0 ‘ A

of the swim-ring (9. v.). ,
That part of the alimentary canal which

Jjoins the mouth to the stomach. = D
The aperture through which the lophophore

can be protrude
the zocecium.

Transverse muscles running round the inner
wall of the zocecium. |

Muscles that surround the oriﬁcé; runhing
between the folds of the zogecium in an
oblique direction, il ‘

The whole body of zoceia and polypides
which are in organic connection.

The tentacular erown, alimentary canal,
and retractor muscles of a polyzoon-indi-
vidual,

That part which communicates with the
intestine, b

An external bud provided with food-
materialin its cells, with a horny external
coat and capable of lying dormant in
unfavourable conditions,

The muscles by the action of which the
lophophore can be pulled back into the
Zoeeiun,

An internal bud arising from the funiculus,
containing food-material in its cells,
covered with a horny coat and capable
of lying dormant in unfavourable con-
ditions,

A ring of poly%onal air-spaces surround-
ing the statoblast. i

(Of zowelum or polypide) the surface
nearest the anus ; (of statoblast) the sur-
face by which the statoblast is attached
to the funiculus during development.

The whole body of zocecin which ‘a;'e in
organjc connection.

Those parts of the polyzoon-individual

which constitute a case or “house” for
the polypide.

Marginal Processes (of‘ ' Chitinous hooked processes on the h;‘ar’g’in ‘;:‘9;’ L

from or retracted into
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. SYNOPSIS

CLASSIFICATION OF THE POLYZOA.

b At i e e M

I
SYNOPSIR oF THE SuBonassns, ORDERS, AND SUBORDERS.

Class POLYZOA.

Small coelomate animals, each individual of which consists of a
polyp-like organism or polypide enclosed ina “ house” or zoweium
composed partly of living tissues. The mouth is surrounded by
a circle of ciliated tentacles that can be retracted within the
zoecium ; the alimentary canal, which is suspended in the
zocecium, is Y-shaped and consists of three parts, the ceso-
phagus, the stomach, and the intestine.

Subclass ENTOPROCTA.

The anus as well as the mouth is enclosed in the circle of
tentacles and the zocecium is not very distinetly separated from
the polypide. Some forms are solitary or form temporary colonies
by budding. : j ,

Most Entoprocta are marine, but a freshwater genus ( Urnatella)
oceurs in N. America, while the Indian genus Lowosomatoides
(fig. 34, p. 176) is only known from brackish water.

Subelass ECTOPROCTA.

The anus is outside the circle of tentacles and the zocecium can
always be distinguished from the polypide. All species form by
budding permanent communities the individuals in which remain
connected together by living tissue.




POLYZOA,

(!

Order I. GYMNOLEMATA,

Eetoproetous polyzoa the polypides o which have no epistome ;

the zowcia are in néarly all cases distinetly separated from one
another by transverse perforated plates, o
Most of the Gymnolsemats are marine, bub species belonging
to two of the three suborders into which they are divided often
stray into brackish water, while a few genera that belong to one

of these two suborders are practically confined to fresh water..

The three suborders are distinguished as follows 1

Suborder A. CHEILOSTOMATA.

The zooecia are provided with a lip” or lid hinged to the
posterior margin of the orifice (see fig. 88, p. 175). . This lid elosos
automatically outside the zoweium or in a special chamber on the
external surface (the * peristome ”) when the polypide retracts and
is pushed open by the tentacles as they expand. The majority of
the zoweia in eaclt zoarium are more or less distinetly flattened,
but some of them are often modified to form * vibracala ? and
* avicularia.” il

The Cheilostomata are essentially a marine group, but some
species are found in estuaries and even in pools and ditches of
brackish water (fig. 33).

Suborder B. CTENOSTOMATA.

The zocecia are provided with a collar-like membrane which is
pleated vertically and clases together above the polypide inside
the zoccium ;when the former ig retracted ; it is thrust out of
the zooscium and expands into a ring-shaped form just before the
tentacles are extruded. The zomecia are usually more or less
tubular, but in some genera and species are flattened. ‘

The majority of the Ctenostomata are marine, but some genera
are found in estuaries, while those of one section of the suborder
live almost exclusively in fresh water. : o

L

Suborder C. CYCLOSTOMATA.

The zocecia are provided neither with a lip nor with a collar-
like membrane. They are tubular and usually have circular
orifices. ;

The Cyclostomata are exclusively marine.
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 Order 1. PHYLACTOLZMATA,

Ectoproctous polyzoa the polypides of which have a Jeaf-shaped
organ called an epistome projecting upwards and forwards within
the circle of tentacles and between the mouth and the anus, The
Zooecia are not distinct from one another, but in dendritic forms
the zoarium is divided irregularly by chitinous partitions.

The Phylactoleemata are, without exception, freshwater species.

1

SYNOPSIS OF THE LEADING CHARACIERS OF THB Drvisrons
OF THE SUBORDER CTENOSTOMATA,

Suborder B. ¢ TENOSTOMA %”A

The suborder has been subdivided in various ways by different
authors. The system here adopted is essentially the same as that
proposed in a recent paper by Waters (Journ. Linn. Soe. Liondon,
Zool, xxi, p. 231, 1910), but T have thought it necessary to add a
fourth division to the three adopted by that author, namely, the
Alcyonellea, Stolonifera, and Vesicularina. This new division
includes all the freshwater genera and may be known as the
Paludicellina. 1In none of these divisions are the tentacles Webbed
at the base.

The four divisions may be recognized from the following
synopsis of their characteristic features :—

Division I. ALCYONELLEA.

The zoscia arise directly from one another in a fleshy or
gelatinous mass. The polypide has no gizzard. The species are
essentially marine, but a few are found in brackish water in
estuaries,

Division II. STOLONIFERA.

The zocecia arise from expansions in a delicate creeping rhizome
or root-like structure, the order in which they are connected
together being more or less irregular. As a rule (perhaps always)
there is no gizzard, The species are marine,
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 Division IIT. VESICULARINA,

i

The zowcia grow directly from a tubular stem which is usn;‘a.lly‘ ‘
free and vertical, their arrangement being alternate, spiral or

irregular. There is a stout gizzard which bears internal chitinous

projections and is tightly compressed when the polypide is re-
tracted. The species are essentially marine, but a few are found

in brackish water.

Division IV. PALUDICELLINA, nov.

The zowecia are arranged in a regular cruciform manner and
arise either directly one from another or with the intervention of
tubular processes. If the polypide has a gizzard it does not bear
internal chitinous projections. Most of the species are confined
to fresh water, but a few are found in brackish water or éven in
the sea. ‘

Although all true freshwater Ctenostomes belong to the fourth
of these divisions, species of a genus (Bowerbankia) included in
the third are sofrequently found in brackish water and in associa-
tion with one belonging to the fourth, and are so easily confounded
with the latter, that I think it necessary to include a brief descrip-

tion of the said genus and of the form that represents it in ponds

of brackish water in India.
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SYSTEMATIC LIST OF THE INDIAN
FRESHWATER POLYZOA.

[The types have been examined in the case of all species, ete,,
‘whose names are marked thus, *.]

+

Order 1. GYMNOLAEMATA.

Suborder I. CTENOSTOMATA.

' [Division III, Vesicularina. |

[Genus BowrrBANK1A, Farre (1837).]

[B. coudate subsp. bemgalensis ®, Annandale (1907).
(Brackish water). ] ‘

Division TV, Paludicellina, nov.

Family I. PALUDICELLID.AS,

Geenus 1. PATUpIcrLLA, Gervais (1836).
' ? Paludicelia #p. (fide Carter).

© Genus 2. VicroreLLa, Kent (1870).
96, V. bengalensis *, Annandale (1907).

Family II. HISLOPIID A,

Genus Hisropra, Carter (1868).

27, H. lacustris, Carter (1858),
27 a. H, lacustris subsp. montliformis *, nov,
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Order 11, PHYLACTOLZAMATA,

s

Division I. Plumatellina, ! #
(]
Family 1. FREDERICELLIDA,

Genus FrepERIORLLA, Gervais ( 1836).
28. F. indica %, Annandale (1909),

Family 2. PLUMATELLID.A,
Subfamily A, PLUMATELL 1 v &

Genus 1. Prumarsrra, Lamarck (1816).

20. P fruticosa, Allman (1844).

30. P emarginate, Allman (1844),

81. P javanica ¥, Kraepelin ( 1905).

32, “P{ diffusa, Leidy (1851).

33. . allmani, Hancock (1850),

34. P tanganyike *, Rousselet (1907).

85, P, punctata, Hancock (1850).
Genus 2. StoLrrra, Annandale (1909).

36. 8, indica *, Annandale (1909).

Subfamily B. Lormop1N .
Genus 1, LorroropuLLA, Rousselet (1904).
87. L. carteri ¥ (Hyatt) (1865),
87 a. L. carteri var. limalayana * (Annandale) (1907).
Genus 2, PROTINATELLA, Leidy (1851), ’
38, P, burmanica *, Annandale (1908),



Order CTENOSTOMATA.

[Division VESICULARINA.
Family VESICULARID.E, |
Vsioutaripas, Hincks, Brit, Marine Polyzos, p. 512 (1880).

\

Zoweia constricted at the base, déciduous_, attached to a ster
that is either recumbent or vertical. :

Genus BOWERBANKIA, Farre.

Bowerbankia, Farre, Phil, Trans, Roy. Soe. exxvii, p. 891 (1837).
Bowerbankia, Hincks, op. cit, p. 518, '

Zoarium vertical or recumbent. Zoweia ovate or almost eylin-
drical, arranged on the stem singly, in clusters or in a subspiral
line.  Polypide with 8 or 10 tentacles.

Bowerbankia caudata, Hincks. .
Bowerbankia caudata, Hincks, op. cit. p. 521, pl. Ixxv, figs. 7, 8,

This species is easily distinguished from all others by the fact
that mature zocecia have always the appearance of being fixed to the
sides of a creeping, adherent stem and are produced, below the
point at which they are thus fixed, into a pointed * tail,”

Subsp. bengalensis, dnnandale. .

Bowerbankio cavdata, Thornely, Rec. Ind. Mus, i, p. 196 (1907).
Bowerbankia caudata, Annandale, 76id. p. 208, i
Bowerbankia eaudata race bengalensis, id., dhid, ii. p- 13 (1908).

The Indian race is only distinguished from the typical form by
its greater luxuriance of growth and by the fact that the * tail »
of the zocia is often of relatively great length, sometimes equal-
ing or exceeding the rest of the zoccium. The stem, which is
divided at irregular intervals by ‘partitions, often crosses and
recrosses its own course and even anastomoses, and a fur-like
structure is formed in which the zomscia representing the hairs
become much elongated; but upright branches are never formed.
The zoarium has a greenish or greyish tinge,

- Tyeg in the Indian Museum.

GEOGRAPHIOAL DISTRIBUTION,~— B, caudaty subsp. bengalensis is
common in brackish water in the Ganges delta, where it often
occurs in close association with Victorella bengalensis, and also

at the south end of the Chilka TLake in the north-east of the
Madras Presidency. Although it has not yet been found else-
where, it probably oceurs all round the Indian coasts.] ‘

VESICULARIDE, ol ‘ 189 .
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Division PALUDIOELLINA, nov.

This division consists of two very distinet families, the speciés
of which are easily. distinguished at a glance by the fact thut in

one (the Paludicellide) the zocecia are tubular, while in the other
(the Hislopiide) they are broad and fattened. The anatomical
and physiological differences between the two families are im-

portant, and they are associated together mainly on account of
the method of budding by means of which their zoaria are

‘produced.

Fig.3b.—8ingle zocecia of Vietorella and Hislopia (magnified),

A, zoceium of Victorella pavida, Kent, with the polypide retracted (after
Kraepelin),

B, zoecium of Hislopia lacustris, Carter (typieal form from the United
Provinces), with the collar complotely and the fentacles partly protruded,

A=collar; B=orifice; O==tentacles: D==pharynx; E=wsophagus proper;
Fe=gizzard ; Ge=stomach; & =cardine portion of stomach ;5 H==intestine ;
J=rectum ; K:=anus; Li=young egg; M= green cysts in gizzard ; N = testes ;
O=ovary ; O'=funiculus. ‘

The muscles are omitted except in fig, B.

g
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Family PALUDICELLIDE,

RA(LUngnLLIDm, Allman, Mon. Fresh-Water Polyzoa, p. 118
1857). e e a
Homovrmripm, Kent, Q. J. Micr. Sei. x, p. 85 (1870).
Vicrorerrrozs, Hincks, Brit. Marine Polyzon, p. 558 (1880).
ParvprcrrrLipgrs, Jullion, Bull. Soe. zool. France, x, p. 174 (1885).
PavupiorrLipes, Loppens, Ann, Biol. lacustre, iii, p. 170 (1908).

VICTORBLLIDES, id., tbvd. p, 171,

Zoartum, The roarium is vecumbent or erect, and is formed
typically either of zowcia arising directly in erueiform formation
from one another, or of zowcia joined together in similar forma-
tion with the intervention of tubules arising from their own bases,

Complications often arise, however, either on account of the

suppression of the lateral buds of a zocecium, so that the formation
becomes linear instead of eruciform, or by the production in an
irvegular manner of additional tubules and buds from the upper

part of the zocecia. A confused and tangled zoarinm may thus be .

formed, the true nature of which can only be recognized by the
examination of its terminal parts. w

Zoeeia, The zoweia are tubular and have a terminal ov sub-
terminal orifice, which is angulate or subangulate as seen from
above. Owing to this fact, to the stiff nature of the external
ectocyst, to the action of circular muscles that _surround the
tentacular sheath, and to the cylindrical form of the soft inverted
part, the orifice, as seen from above, appears to form four flaps or

i3
valves, thus )::( g .

Polypide. The alimentary canal is elongate and slender as a

whole, the wsophagus (including the pharynx) being of consider-

able length. In Paludicelle and Poitsielln the msophagus opens
directly into the cardiac limb of the stomach, which is distinetly con-
stricted at its base ; but in Fictorelle the base of the cesophagus
is constricted off from the remainder to form an elongate oval sac
the walls of which are lined with a delicate structureless membrane.
Vigtorella may therefore be said to possess a gizzard, but the
structure that must be so designated has not the function (that of
crushing food) commonly associated with the name, acting merely
as a chamber for the retention of solid particles. In this genus
the cardiac limb of the stomach is produced and vertical but not
constricted at the base. The tentacles in most species number 8,
but in Paludicelle there ave 16,

Resting buds. The peculiar structores known in Burope as
“ hibernacula ” are only found in this family. ' The name hiberna-
cula, however, is inappropriate to the only known Indian species

 PALUDICELTIDE, ‘ i
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a8 they are formed in this /counﬁry at the approach of summer e
instead of, as in Bur{pe and N. Awmerica, at that of winter. It

is best, therefore, to call them ¢ resting buds.” They consist of ‘

masses of cells congregated at the base of the zowecia, gorged with .

food material and covered with a resistant horny covering. |
The family Paludicellide consists of three genera which may be
distinguished as follows :-— " e

L. Orifice terminal; main axis of the zocecium
vertical ; zocecia separated from dne another
by tubules,
[A. Brse of the zowcia not swollen ; no adven- | i
virious hdaloJ vl i Porrsierna.]
B, Base of the zocecium swollen ; adventitious i [pe 194.
buds produced near the tip .....u.., ... VICTORNELLA,
IL. Orifice subterminal, distinetly on the dorsal )
surface ; main axis of the zogeium horizontal
(the zoarium heing viewed from the dorsal
surface) ; buds not produced at the tip of the [p. 192,
AT Rl D e KU T PALUDICELLA,

., Of these three genera, Pottsiclla has not yet been found in India
and is only known to oceur in N. America, It consists of one
species, P. erecta (Potts) from the neighbourhood of Philadelphia
in the United States. t :

Victorella includes four species, V. paveda known from England
and Germany and said to oceur in. Australia, V. miilleri from
Germany (distinguished by possessing parietal muscles at the
tip of the zocecia), V. symbiotica from African lakes and 7, ben-
galensis from India. These species are closely related.

Paludicella is stated by Carter to have been found in Bombay,
but probably what he really found was the young stage of
V. bengalensis. A single species is known in Burope and N.
America, namely P, ehrenbergi, van Benedet (= Aleyonella articu-
lata, Ehrenberg). i ;

I bave examined specimens of all the species of this family as
yet known, i :

Genus 1. PALUDICELLA, Gervais,

Patudicella, Gervais, Compt. Rend. iii, P. 797 (1836).

Paludicella, Allman, Mon, Fresh- Water Polyzoa, p. 118 (1857).

? Paludicella, Carter, Ann, Nat. Hist. (8) iii, p. 833 31859).
Paludicells, Jullien, Bull. Soe. zool. France, x, p. 174 (1885). ¢
Laludicella, Kraepelin, Deutsch, Stisswasserbryozoen, i, p. 96 (1887),
Paludicella, Loppens, Ann, Biol. lacustre, iv, p. 14 (1910).

Zioariwm. The nature of the goarium in this genus is well ex-
pressed by Ebrenberg’s specific name * artioulata,” although the
name was given under a false impression, The zomeia arise
directly from one another in linear series with occasional side-
branches. The side-branches are, however, often suppressed,
The goarium as a whole is either recumbent and adherent or
at least partly vertical.




Zoweia. Although the zoweia are distinct!y tubular as a whole

. A REONZN D Boloin Ale B .
two longitudinal axes may be distinguished in each, for the tip

is bant upwards in a slanting direction, bearing the orifice at its
_extremity. The main axis is, however, at right angles to the
dorso-ventral axis, and the dorsal surface, owing to the position
of the aperture, can always be readily distinguished from the
veniral, even when the position of ‘the zoweium is vertical. Bach

are always present.’

~ zowcium tapers towards the posterior extremity. Parietal muscles

Wl

»

Hig. 86.--Structure of Paludicelln chrenbergi (A and B after Allman),
A == single zoccium with the polypide vetracted. B ==the base of the

lophophore as seen from above with the tentacles removed. C = the orifice of -

‘a polypide with the collar expanded and the heutnolos. partly retracted. a =
tentacles ; ¢ = collar; d = month; e= (nsopha%us; J == stomach ; g = intes-
tine; % == parieto-vaginal muscles; p = parietal muscles; o =: cardiae part of
the stomach ; 7 = retractor muscle; s = funiculus,

Polypide. The most striking features of the polypide are the
abserte of any trace of a gizzard and the highly specialized form
assumed by the cardiac part of the stomach. There vare two
funiculi, both connecting the pyloric part of the stomach with the
endocyst. The ovary develops at the end of the upper, the testis
at that of the lower funiculus.

Resting buds. The resting buds are spindle-shaped.

Kraepelin recognized two species in the genns mainly by their
method of growth and the number of tentacles. dn his 2. miillers
the zoarium is always recunibent and the polypide has 8 tentacles,
whereas in P, articulate or ehrenbergi the tentacles number 16
and upright branches are usually developed. It is probable,

i i 3 : 6]
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however, that thé‘forwer species should be assigned to ‘T"'{ctbrell‘a,‘ |

for it is often difficult to distinguish Paludicella from young speci-

mens of Vietorella unless the latter bear adventitious terminal
buds. The gizzard of Vietorella can be detected in well-preserved . ¢

material even under a fairly low power of the microscope, and

I bave examined specimens of what I believe to be the adult of |

miilleri which certainly belong to that genus. S
1t is always difficult to see the collar of Paludicella, because:
of its transparency and because of the fact that its pleats are
 apparently not strengthened by chitinous rods as is usually the

_case, Allman neither mentions it in his description of the genus
" nor shows it in his figures, and Loppens denies its existence, but

it is fignred by Kraepelin and can always be detected in well-

- preserved specimens, if they are examined carefully. If the
collar were actually absent, its absence would separate Paludicellu
not only from Vietorelle and Potsiella, but also from all other
ctenostomes. In any case, Fictordle is distinguished from

. Paludicelle and Pottsiella by anatomical peculiarities (e.g., the -

possession of a gizzard and the absence of a second funienlus)
that may ultimately be considered sufficiently great to justify its
recognition as the type and only genus of a separate family or
subfamily. ® |

The description of Paludicelle is included here on account of
Carter’s identification of the specimens he found at Bombay ;
but its occurrence in India is very doubttul.

Genus 2. VICTORELLA, Aent,

Viatorelln, Kent, Q. J. Micr, Sei, x, p. 84 (1870).
Victorella, Hineks, Brit. Marine Polyzoa, p. 569 (1880).
Victorella, Kraepelin, Deutsch. Siisswasserbryozoen, i, p. 93 (1887).

Tyep, Victorella pavida, Kent.

Zoarium. The zoarium consists primarily of a number of erect
or semi-erect tubular zoccia joined together at the base in a
_cruciform manuer by slender tubules, but complications are intro-
duced by the fact that adventitious buds and tubules are produced,
often in large numbers, round the terminal region of the roeia,
and that these buds ave often separated from their parent zococium
by a tubule of considerable length, and take root among ofher
zocecia at » distance from their point of origin. A fangled mass
may thus be formed in which it is diffienlt to recognize the regnlar

arrangement of the zoccia that can be readily detached at the

growing points of the zoarium, ‘ i

Zoweia. The zowcia when young closely resemble those of
Paludicella, but as they grow the terminal upturned part increases
rapidly, while the, horizontal basal part remains almost stationary
and finally appears as a mere swelling at the base of an almost
vertical tube, in which by far the greater part, if not the whole,
of the polypide is contained. Round the terminal part of this
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- tube adventitious buds and tubules are rrranged more or less
regularly. There are no parietal musecles. i :

Polypide. The polypide has 8 slender tentacles, which are
' thickly covered with short hairs, The basal part of the esophagus
forms a thin-walled sac (the * gizzard ) constricted off from the
upper portion and bearing internally a thin structureless membrane.
Circular muscles exist in its wall but are not strongly developed
on its upper part. There is a single funiculus, which connects the
posterior end of the stomach with the base of the zowcium. The
ovaries and testes are bhorne on the endocyst, not in connection
with the funiculus. ‘ | g

Kesting buds. The resting buds are flatbened or resemble young
zowecia in external form, :

Victorella, although found in fresh water, occurs more commonly

in brackish water and is known to exist in the littoral zone of

the sea.

26. Victorella bengalensis, Annandale.

Vactorella pavida, Annandale (nec Kent), Ree. Ind. Mus, i, p. 200,
tigs. 1-4 (1907).
Victorella bengalensis, vd., ibid. i, p. 12, fig. 1 (1908).

Zoareum., The mature zoarium resembles a thiok fur, the hairvs of
which are represented by elongate, erect, slender tubules (the
zocecia), the arrangement of the whole being very complicated and
irregular. The base of the zoarium often consists of an irregular
membrane formed of matted tubules, which are sometimes agglu-
tinated together by a gummy secretion. - The zoarium as a whole
has a faint yellowish tinge. "

Zocecia, The zowecia when young are practically recumbent, each
being of an ovoid form and havingastout, distinctly quadrate orificial
tubule projecting upwards and slightly forwards near the anterior
margin of the dorsal surface. At this stage a single tubule, often
of great relative length, is often given off near the orifice, bearing:
a bud at its free extremity. As the zoeciut grows the tubular
part becomes much elongated as comgnred with the basal part and
assumes a vertical position. Its quadrate form sometimes persists.
but more often disappears, so that it hecomes almost cireular in
cross-section throughout its length. Buds are produced near the
tip In considerable profusion. As a rule, if they appear at this
stage, the tubule connecting them with the parent zdwecium is
short or obsolete; sometimes they are produced only on one side
of the zoccium, sometimes on two. The buds themselves produce
granddaughter and great-granddaughter buds, often connected
together by short tubules, while still small and imperfectly deve-
loped. The swelling at the base of the zocecium, when the latter
is fully formed, is small.

Polypide. The polypide has the features characteristic of*the
genus. The base of the gizzard is surrounded by a strong circular
muscle, ‘ ;

02
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e .  PALUDICEBLLIDE.

j

® Fig. 81.— Victorella bengalensis (type specimens), :

A=single zomcium without adventitious buds bub with a young resting bud (), X 70
(dorsal view); B=lateral view of a smaller zocwcium without buds, X 70; Ozyupper
part of a zocecium with a single adventitious bud, X 70; D=outline ot b upper part
of azoweium with adventitious buds of several generations, X 35 ; E=-remains of a
zoceeium with two resting buds (8) attached. < All the specimens figured are from Port
Canning and, except D, are represented as they z\ppegu-_‘wlﬂen stained with borax carmine
and mounted in canada balsam. : : B R
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Resting buds. The resting buds (fig. 81, p. 170) are somewhat
variable in shape but ave always flat with rregular cylindrical or
subeylindrical projections round the margin, on which the horny
coat it thinner than it is on the upper surface. This surface is
either smooth or longitudinally ridged. ' '

Tyee in the Indian Museuni. i / vy

This species differs from the European V.’ pavida in very much
the same way as, but to a greater extent than, fhe Tndian race of
Bowerbanlia caudata does from the typical English one (see p. 189).
The growth of the zoarinm is much more luxuriant, and the form
of the resting buds is different. :

GEOGRAPHIOAL DISPRIBUTION.— V. bengalensis is abundant in
pools of brackish water in the Gtanges delta and in the Salt Lakes
near Caleuttas it also occurs in ponds of fresh water near the
latter. I have received specimens from Madras from Dr. J. R.
‘Henderson, and it is probable that the form from Bombay referred
by Carter to Paludicella belonged to this species. '

Broroey.—In the Ganges delta V. bengalensis is usually found
coating the roots and stems of a species of grass that grows in and
near brackish water, and 'on sticks that have fallen into the water.
It also spreads over the surface of bricks, and I have found a
specimen on a living shell of the common molluse Melania tuber-
culata.  Dr. Henderson obtained specimens at Madras from the
surface of 8 freshwater shrimp, Palemon malcolmsonii, In the
ponds at Port Canning the zoaria grow side by side with, and even
entangled with those of Bowerbankia caudata subsp. bengalensis,
to the zoecia of which their zoweia bear a very strong external
resemblance so far as their distal extremity is concerned. This
resemblance, however, disappears in the case of zoocecia that bear
terminal buds, for no such buds are borne by B. coudata ; and the
yellowish tint of the zoaria of V. bengalensis is characteristic.
Zouria of the entoproct Lowosomatoides colonialis and colonies of
the hydroid Irene ceylonensis are also found entangled with the
zoaria of V. bengalensis, the zoeecia of which are often covered
with various species of Vorticellid protozoa and small rotifers.
The growth of V. bengalensis is more vigorous than that of the other
polyzoa found with it, and patches of B. caudata are frequently
surrounded by large areas of V. bengalensis.

The food of V. bengalensis consists largely of diatoms, the
siliceous shells of which often form the greater part of its
excreta. Minute particles of silt are sometimes retained in the
gizzard, being apparently swallowed by accident.

There are still many points to be elucidated as regards the
production and development of the resting buds in V. bengalensis,
but two facts are now quite clear as regards them: firstly, that
these buds are produced at the approach of the hot weather and
germinate in November or December; and secondly, ‘that the

whole zoarium may be transformed at the former season into a
layer of resting buds closely pressed together but sometimes ex-
hibiting ic their arrangement the typical cruciform formation.
Resting buds may often be found in vigorous colonies as late as.

R
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~ formed |
~ yet germinated. Sometimes only one or two

‘undergoing the charige. Young polypides are formed inside t

- growth of one of the basal projections, when “Qondiﬁ;ms‘v,a.ke"

inning of December ; these buds have not been recently
‘but bave persilted since the previous agrmg ‘and have no
wo buds are formed at
the base of an existing zowcium (fig. 37 ¢), but apparently it is
‘possible not only for a zomeium to be transformed into a resting
bud but for it to produce four other buds round its base b plre’ il
‘the

buds and a single zoceium sprouts out of each, as a rule by the

vourable. Wil il
Polypides of V. bengalensis are often transformed into brown

~ bodies. When this occurs the orifice closes together, with the

collar expanded outside the zoweium. 1 have occasionally noticed

_ that the ectocyst of such zoeecia was distinctly thicker and darker
_ in colour than that of normal zoweia, G

Eggs and spermatozoa are produced in great numbers, as a rule
simultaneously in the same zocecia, but individuals kept in eaptivity
often produce spermatozoa only., The eggs are small and are set
free as eggs. Nothing is known as regards their development,

- Polypides are as a rule found in an active condition only in the

«cold weather, but I have on one occasion seen them in this condi-

tion in August, in a small zoariam attached to a shell of Melania
tuberoulata taken in a canal of brackish water near Calcutta.

W
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Family HISLOPHDJE, i ‘
Hisuopmixs, Jullien, Bull, Soc, zool. France, x, p. 180 (1585),
1 THmsvorpupm, Az\maudale, Ree, Ind. Mus, i, p, 200(1907).

Zoarium vecumbent, often forming an almost uniform layer on

solid subjects.

Zowoia flattened, adherent ; the orifice dorsal, either surrounded -
by a chitinous rim or situated at the tip of an erect chitinous
tubule ; no parietal muscles. ‘ L :

Polypide with an ample gizzard which possesses a uniform
chitinous lining and does not close together when the polypide is
Tetracted. ; ‘

Liesting bud, not produced.

Only two genera can be recognized in this family, Arachnoidea,
Moore, from Central Africa, and Hislopia, Carter, which is widely
«distributed in Eastern Asia. Theformer genus possesses an u pright
orificial tubule and has zowecia separated by basal tubules., Its
‘anatomy is imperfectly known, but it certainly possesses a gizzard of
similar structure to that of Hislopia, between which and Victorella
dts zomcium is intermediate in form, ’

(tenus HISLOPIA, Curter.

Hslopia, Cartery Ann. Nat, Hist. (8) i, p. 169 (18568).

Hislopta, Stolickza, J. As, Soc, Bengal, xxxviii (2), p. 61 (1869).
Norodonia, Jullien, Bull. Soc. zool, France, v, p. 77 (1880).
Hisiopia, td., tbid. x, p. 183 (1885), !
Norodonta, wl., ibid. p. 180, n
Bchinella, Kovotneff, Biol. Centebl. xxi, p. 311 (1901).

Hislopia, Annandale, J. As. Soc. Bengal (new sevies) i, p. 59 ( 1906).
Hislopia, Loppens, Anu, Biol. lacustre, iii, p. 175 (1908),

Pyew, Hislopia lacustris, Carter,

Zoariun. The zoarium consists primarily of a main axis running
in a straight line, with lateral branches that point forwards and
coutwards, Further proliferation, however, often compacts the
structure into an almost uniform flat area,

doecia. The zowcia (fig. 35 B, p. 190) are flat and have the
«orifice surrounded by a chitinous rim but not much raised above
the dorsal surface. 'They arise directly one from andiher, \

Polypide. The polypide possesses from 12 to 20 tentacles. Its |
funiculus is rudimentary or absent. Neither the ovaries nor the
testes have any fixed position on the lateral walls of the Zocecinm
to which they are confined. ) :

The position ~of this genus has been misunderstood by several '
zoologists. Carter originally described Hislopia as a cheilostome

allied to Flustra; in 1880 Jullien perpetuated the error in




describing his Norodonia, which was founded on dried specim:
of Carter’s genus ; while Loppens in 1908 still regarded the
« genera” as distinet and placed thém both among the cheilostome:
In 1885, however, Jullien retracted his statement that qur‘bdon’ia.‘»a;‘
was a cheilostome and placed it, together with Hislopia, in &
family of which he recognized the latter as the eponymic genus.
Carter'’s mistake arose from the fact that he had only examined
preserved specimens, in which the thickened rim of the orificeis
strongly reminiscent of the ¢ peristome” of certain cheilostomes,
while the posterior of the four folds into which the tentacle sheath
naturally falls (as in all ctenostomes, ¢f. the diagram on p. 191)
is in certain conditions rather larger than the other three and
suggests the “lip” characteristic of the cheilostomes. If living e
specimens are examined, however, it is seen at once that the pos- = =
terior fold, like the two lateral folds and the anterior one, changes
. its form and size from time to time and has no real resemblance
to a *lip.” j : ‘ i
That ]?:hm-‘e‘is a remarkable, if superficial, resemblance both as
" regards the form of the zoceeium and as regards the method of
growth between Hislopia and certain cheilostomes cannot be denied,
but the structure of the orifice and indeed of the whole organism
is that of a ctenostome and the resemblance must be regarded as
an instance of cqnvergence rather than of genetic relationship.

The most striking feature of the polypide of Hislopia is its
gizzard (fig. 38, p. 201) which is perbaps unique (except for that
of Awrachnoidea) both in structure and function. In structure
its peculiarities reside mainly in three particulars : (i), it is nof
constricted off direetly from the thin-walled msophageal tube, but
possesses at its upper extremity a thick-walled tubular portion
which can be entirely closed from the cesophagus at its upper end
but always remaing in communication with the spherical part of
the gizzard ; (ii), this spherical part of the gizzard is umformly
lined with a thick chitinous or horny layer which in optical section
has the appearance -of a pair of ridges; and (iii), there is a
ring of long and very powerful cilia round the passage from the
gizzard to the stomach. The cardiac limb of the stomach, which is
large and heart-shaped, is obsolete. The wall of the spherical
part of the gizzard consists of two layers of cells, an outer muscular
layer consisting of powerful eircular museles and an inner glandular
layer, which secretes the chitinous lining. - The inner walls of the
tubular part consist of non-ciliated columnar cells, and when the
polypide is retracted it lies almost at right angles to the main axis
of the zomeum, ' .

The spherical part of the gizzard invariably containg a number
of green cells, which lie free in the liquid it holds and are kept
in motion by the cilia at its lower aperture. The majority of
these cells can be seen with the aid of a high power of the
microscope to consist of a hard spherical coat or cyst containing
green protoplasm in which a spherical mass of denser substance
(the fiucleus) and a number of minute transparent granules can

T
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- 18 covered with similar granules, but some ar; quite clean. .
- There can be no doubt that these cysts represent a stage in the

., hfe-history of some minute unicellular plant or animal. Indeed,
~ although 1% has not yet been found possible to work out this life-
 histoy. in detail, I have been able to obtain much evidence that

 they are the resting stage of a flagellate organism allied to Buglena
* which is swallowed by the polyzoon and becomes encysted in its

. gizzard, extruding in so doing from its external surface a large

proportion of the food-material that it has stored up within itself

in the form of transparent granules, It may also be stated that
some of the organisms die and disintegrate on being received into
the gizzard, instead of encysting themselves. ; ,
S0 long as the gizzard retains its spherical form the green cells
and its other contents are prevented from entering the stomach by
the movements of the cilia that surround its lower aperture, but

¥

Fig, 38.—Optical section of gizzard of Hislopia lacustris, with contained
green cysts, X 240, , |
‘ o
every now and then, at irregular intervals, the museles that form
its outer wall contract. The chitinous lining although resilient and
not inflexible is too stiff to prevent the lumen of the gizzard being

obliterated, but: the action of the museles changes its contents

from a spherical to an ovoid form and in so doing presses a
considerable part of them down into the stomach, through the
ring of the cilia. ~ \
The contraction of the gizzard is momentary, and on its re~
expansion some of the green cysts that have entered the stomach are
often regurgitatedinto it. Some, however, remain in the stomach,

 sometimes be detected. The ‘éitez'nal’s-mvfﬂee of many of the cysts

L% !
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cilia at both apertusps. They are apparently able to retain their
form for some hours in these cireumstances but finally disivtegrate

and disappear, being doubtless digested by the juices poured out,

apon them by the glandular lining of the stomach. In polypides
kept under observation in elean tap-water all the cysts finally
disappear, and thé faces assume a green colour. In preserved
specimens apparently unaltered cysts are sometimes found in the
rectum, but this is exceptional; 1 haye observed nothing of the
kind in living polypides. Cysts often remain for several daye
unaltered in the gizzard. i e
Imperfect as thess observations are, they throw considerable
light on the functions of the gizzard in Hislopea. Primavily it
appears to act as a food-reservoir in which the green eysts and other
minute organisws can be kept until they are required for digestion,
When in the gizzard certain organisms surrender a large pro-
portion of the food-material stored up for their own uses, and
this food-material doubtless aids in nourishing the polyzoon.
Although the cysts in the gizzard are frequently accompanied by
diatoms, the latter are nob invariably present. The cysts, move-
over, are to be fonnd in the zoweia of polypides that have formed
brown bodies, often being actually enclosed in the substance of the
brown body. ¢The gizzards of the specimens of Arachnoidea 1
bave examined contain ecysts that resemble those found in the
same position in Hislopid. ! M G
Hislopia is widely distributed in the sonthern part of the Oriental
Region, and, if 1 am right in vegarding Hehinella, Korotneft as a
synonym, extends its range northwards to Lake Baikal. It
appears to be a highly specialized form but is perhaps related,
through Adrachnoidea, to Vietorella. _ | i

27. Hislopia lacustris, Carter,

Hislopiar lacustrisy Carter, Ann, Nat. Hist. (3)1, p. 170, pl. vii, figs.
1-5 (1858).

Nopodonin cambodgiensis, Jullien, Ball, Soc. zool, France, v, p. 77,
figs. 1-3 (1880). i ;

Norodonia sinensts, id., thed. p. 78, figs. 1-3. ‘ ‘

Norodonia cambodyiensis, id., ibid. x, p. 181, figs. 244, 245 (1885),

Norodonia sinensis, id. sbid. p. 18, figs, 246, 247, :

Hislopia lacustris, Annandale, J. As. Soc. Bengal (new seriet) iii,
p. &6 (1907). o e

Hislopia lacustris, Walton, Rec. Ind, Mus. i, p. 177 (1907),

Hislopia lacustres, Kivkpatrick, dbid, 1i, p. 98 QQOS). bl

Hislopia lacustiis, Walton, ibid, iii, p. 296 (1 09).

Zoarium, The zoarium forms a flat, more or less solid layer and
is closely adherent to foreign objects. As a rule it covers a
considerable area, with radiating branches at the edges ; but when
growing on slender twigs or the stems of water-plants it forms

i which they are turned round and round by the action of the




grows over another,

. .

‘marrow, closely compressed masses. One zoecium, however, never
/ i v e ;‘a’ i

" Zoaoia. The zooscia are varble in shape. In zoaria which

- have space for free expansion they are as a rule irregularly oval,

the posterior extremity being often narrower than the anterior ;
. but small triangular zocecia and others that are almost square may
often be found. When growing on a support of limited area
the zomeia are smaller and as a rule more elongate. The orifice
is situated on a slight eminence nearer the anterior than the
posterior margin of the dorsal surface. It is surrounded by a
gtrong chitinous rim, which is usually square or subquadrate but
not infrequently circular or subcircular. Sometimes a prominent
-spine is borne at each corner of the rim, but these spines are often
vestigial or absent ; they are ravely as long as the transverse
diameter of the orifice. The zogeinm is usnally surrounded by a

Fig. 39.-~Hislopic lacustris,

A==part of a zoarium of the subspecies moniliformis (type specinien, from ;

Oaleatta), % 15; A==green cysts in gizzard ; E=eggs.

Bz=outline of part of a zoarium of the typical form of the species from the

United Provinces, showing variation in the form of the zoccia and of the

orifice, x 15.
«chitinous margin, and outside this margin there is often a greater
or less extent of adherent membrane. In some zocecia the margin
is obsolete or obsolescent, The dorsal surface is of a glassy
transparency but by no means soft.

Polypide. The polypide has from 12 to 20 tentacles, 16 being a

.common number,

Typn probably nobt in existence. It is not in the British

Museum and Prof. Dendy, who has been kind enough to examine
the specimens from Carter’s collection now in his possession, tells me
that there are none of Hislopia among them. e

G e
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27 a. Subsp. monil&formis, nov. ‘ ‘
Hislopia. lacustris, Annandale, J. As. Soc. Bengal (new serigs) ii,

p. 59, fig. 1 (1906), . e

In this race, which is common in Caleutta, the zocecia are almost

circular but truncateé or concave anteriorly and posteriorly.” They

form linear series with few lateral branches. 1 have found

specimens occasionally on the shell of Vivipara bengalensis, but they

are much more common on the leaves of Vallisneria spiralis.

Tyeu in the Indian Museum, | “ v

The exact status of the forms described by Jullien as Norodonia
cambodygiensis and N, sinensis is doubtful, but I see no reason to
regard them as specifically distinet from H. lacustris, Carvter, of
which they may be provisionally regarded as varieties. The variety
cambodgiensis is very like my subspecies monzliformis but has the
z0ecia constricted posteriorly, while var. sinensis, although the
types were found on Anodonta shells on which there was plenty
of room for growth, resemble the confined phase of &, lacustris so
- far as the form of their zowecia and of the orifice is concerned.

Groararmioar DiserisurioN.—The typical form is common in
northern India and vceurs also in Lower Burma ; the subspecies
monilifornis appears to be confined to Lower Bengal, whife the
varieties cambodgiensis and sinensis both oceur in China, the former
having been found also in Cambodia and Siam. Indian and
Burmese localities are :—BryaaL, Caleutta (subsp. moniliformis) ;
Berhampur, Murshidabad district (J. Robertson Milne) : CrNTRATL
Provinces, Nagpur (Carter): Uwntemp Provivows, Bulandshahr
(H. J. Walion): Burma, Pegu-Sittang Caval (Kirkpatrick).

Broroey—Regarding the typical form of the species Major

Walten writes (Ree. Ind, Mus. iii, p. 296):—* In volume i (page
177) of the Records of the Indian Museum, I described the two
forms of colonies of Hislopia that T had found in the United
Provinces (Bulandshabr). Of these, one was a more or less linear
arrangement of the zdcecia on leaves and twigs, and the other, and
more common, form was an encrusting sheath on the outer
surface of the shells of Paludina. During the present ‘raing’
(July 1908) I have found many examples of what may be
considered a much exaggerated extension of the latter form.
These colonies have been on bricks, tiles, and other submerged
objects. The largest colony that I have seen so far was on a tile ;

one side of the tile was exposed above the mud of the bottom of

the tankand its area measured about 120 square inches; the
entire surface was: almost completely covered by a continuous
growth of Hislopia. Another large colony was on a piece of bark

which measured 7 inches by 3 inches ; both sides were practically

everywhere covered by. Hislopia.”

Major Walton also notes that in the United Provinces the
growth of Hislopia is at its maximum during the *rains,” and’
that at that time of year almost every adult Paludina in a certain
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Order PHYLACTOLZEMATA,

The polypide in this order possesses a leaf-like ciliated organ®
(the epistome) which arises within the lophophore between the
mouth and the anys and projects upwards and forwards over the
mouth, which it can be used to close.  The zowcin are never
distinet from one another, but in dendritic forins such as Plumatelia
the zoarium is divided at irregular intervals by chitinous partitions.
The lophophore in most, genera is horseshoe-shaped instead of
cironlar, the part opposite the anus being deeply indented. There
are no parietal muscles. The orifice of the zoweium is always
civeular, and there is no trace of any stracture corresponding to
the collar of the ctenostomes. The tentacles are always wehbed ab
the base, ] ‘

All the phylactolssmata produce the pecaliar reproductive bodies
known as statoblasts, ‘

The phylactolesmata, which are probably descended from cteno-
‘stomatous ancestors, are confined to fresh or slightly brackish
water. Most of the genera have a wide geographical distribution,
but (with the exception of a few statoblasts of almost recent
date) only one fossil form (Plumatellites, Fric. from the chalk of
Bohemia) has Been referred to the order, and that with some
doubt. ‘

It is convenient to recognize two main divisions of the phylacto-
leemata, but these divisions hardly merit the distinction of being
regarded as suborders. They may be called Cristatellina and
Plumatellina and distinguished as follows =—

Division I, Promareriina, nov.—Hetoeyst well developed;
soaria without a special organ of progression ; polypides contained
in tubes. ] :

Division LI, Cristamerriys, nov.— Betoeyst absent except at
the base of the zoarium which is modified to form a ereeping
“gole” ; polypides embedded in a common syncecium of reticulate
structure. 4

The Cristatellina consist of a single genus and probably of
a single species (Cristatelle mucedo, Cuvier), which is widely dis-
tributed in Burope and N. America, but has not been found in
the Oriental Region. FEight genera of Plumatellina are known,
and five (ppssibly six) of these genera occur in India. L

Division PLUMATELLINA, nov.

The structure of the species included in this division is very
aniform as regards the internal organs (see fig. 40 opposite and
fig. 47 @, p. 236). The alimentary canal is siapler than that of the
Paludicellide. A short cesophagus leads directly into the stomach,
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wall of the zoecium,

| PLUMATRLLINA.

the eardine portion of which is produced as & vertical limb almost

cylindrical in form and not constricted at the bate. This limb'is as a
 rule of greater length than the wsophagus, 'The pyloric part of the
sstomach is elongated and narrow, and the intestine short, straight, -

~and of ovoid form. There are no cilia at the pyloric opening.

A single funiculus joins the posterior end of the stomach to the
bearing the statoblasts. Sexual organs are

often absent.

Fig.AO,-—*SkﬂtChﬂ@ of the Plumatellina (after Allman).

A = a goecium of Fredericella with the polypide extruded. B = the lopho-
phoxs of ZLophopus (tentaclos removed) as seen obliguely from the right side.
U= larva of Plumatelly as seen in optical section, = tentacles: b= yelum ;
¢ = epistowie; d = mouth; ¢ = msophagus; f ==stomach; g=i éestine; B
anus; j = retractor muscle; % = parieto~vaginal muscles ; 7 = funiculus.

=in

Two families may be recognized as constituting the division,
viz., (@) the Fredericellide, which have a circular or oval lopho-
phore and simple statoblast without a swim-ring, and (b) the
Plumatellidss, in which the lophophore is shaped like a horseshoe
and some or all of the statoblasts are provided with a ring of

air-spaces.
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¢ Family 1. FREDERICELLIDX.

Fruvwricrriivm, Kreepelin, Deutsch, Siisswasserbryozoen, i,

p. 168 (1887), ‘ , e

" Zoaria dendritic ; zoecia distinctly tubular, with the éci;gc;yst

5 3 i o b i’ ¥ i &4,
well developed ; statoblasts of one kind only, each surrounded by
a chitinous ring devoid of air-spaces; polypides with the lopho-
phore circular or oval when expanded.

The Fredericellida consist of a single genus (Hredericella) which

‘includes several closely-allied forms and has a wide geographical
distribution. -

Fenus FREDERICELLA, Gervais (1838),
Fredericella, Allman, Mon, ¥resh-Water Polyzoa, p, 110 (1857),
Plumatella, '(arvét de développement”) Jullien, Bull, Soc. zool,
France, x, p. 121 (1885).
Fredericella, Kraepelin, Deutsch. Stisswasserbryozoen, 1, p. 99 (1887).
Ivedericella, Goddard, Proc. Linn, Soc, N,S, Wales, xxxiv, p. 489(1909),

This genus has the characters of the family. 1Its status has
been much disputed, some authors regarding the shape of the
lophophore as of great morphological importance, while Jullien
believed that Fifedericella was merely an abnormal or monstrous
form of Plumatella. The latter belief was doubtless due to the
fact that the zoaria of the two genera bear a very close external
resemblance to one another and are sometimes found entangled
together. The importance of the shape of the lophopbore may,
however, easily be exaggerated, for, as both Jullien and Goddard
have pointed out, it agsumes an enjarginate form when retracted.

The Jbest known species is the Buropean and N. American
F. sultane (Blumenbach), of which several varieties or phases
have bheen described as distinet. This form is stated to oceur also
in 8. Afvica. F. australiensis, Goddard® from N.8. Wales ig said
to differ from this species in having an oval instead of a cireular
lophophore and in other swall anatomical characters; but it is
doubtful how far these characters are valid, for the lophophore
appears to be capable of changing its shape to some slight extent
and has been stated by Jullien to be habitually oval in specimens
from Fravce. . cunningtoni, Rousselet t from Lake Tanganyika
bas stout zocecia encrusted with relatively large sand-grains.

The zoaria of Fredericella are usually found attached fo sélid
objects in s¥allow water, but a form described as #. duplessisi, Ford
has been found at a depth of 40 fathoms embedded in mud at
the bottom of the Lake of Geneva. F. cunningtons was dredged
from depths of about 10 and about 25 fathoms. :

The statoblasts of this genus do not float and often germinate in
the parent zomcium after its polypides have died. They are pro-
duced in smaller numbers than is usually the case in other genera
of the order. The polypides sometimes undergo a process of
regeneration, but without the formation of brown bodies.

% Proc. Linn. Soe. N. 8. Wales, xxxiv, p. 480 (1909),
t Rousselet, Proe. Zook Soe. London, 1907 (1), p. 254,




B.

Pig. 41.~ Fredericelle indica,

A = statoblast, X 120. B = outline of expanded lophophore and adjacent
parts, X 75; a = anus, r = rectum. U=outline of zoarium on leaf of water-
plant, X 8. :

(A and B are from specimens from Iga.tpuﬁ, C from specimen
from Shasthancottah).

i }?‘
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28, Fredericella indica, Annandale.

Fredericella indica, Aynandale, Ree, Ind. Mus, iii, p. 378, fig. (1909).
Fredericella indica, id., ihid, v, p. 39 (1910),

Zoariwm. The zoarinm is of delicate appearance and branches
sparingly. It is often entirely recumbent but sometimes prodyces
short, lax branches that consist of two or three zocecia only. :

Zoecia, 'The zowein are very slender and almost cylindrical ;
they are slightly emarginate and furrowed, the keel in which the
furrow runs being sometimes prominent. The external surface
is minutely roughened and apparently soft, for small grains ‘of
gand and other débris eling to it, but never thickly. The ectocyst
is practically colourless but not transparent.

Statoblasts. The statoblasts are variable in size and form buat

" most commonly have a vegular broad oval outline ; sometimes they
are kidnev-shaped. The dorsal surface is covered with minute
star-shaped prominences, which sometimes cover it almost uni-
formly and are sometimes more numerous in the centre than
towards the periphery. The ventral surface is smooth.

. Polypide. The lophophore bears about 20-25 tentacles, which
are very slender and of moderate length ; the velum at their base
is narrow ; as a rule the lophophore is accurately circular,

Tyep in the Iudian Museum. '

The most definite character in which this species differs from
F. sultane and F. australiensis is the ornamentation of one surface
of the statoblast, both surfaces of which are smooth in the two
latter species, Trom F. cunnmingtoni, the statoblasts of which are
unknown, it differs in haviag almost eylindrical instead of depressed
zoweia and in not having the zocecia densely covered with sand-

rains. :

- Grograruiosl DrsrripurioN.— Western India (the Malabar

Zone): Igatpuri Lake, W, Ghats (alt. ca. 2,000 feet), Bombay
Presidency, and Shasthancottah Lake near Quilon, Travancore.

Bioroay.~—In- both the lakes in which the species has yet been
found it was collected in November. The specimens obtained in
Travancore were found to be undergoing a process of regeneration
due at least partly to the fact that most of the polypides had
perished and that statoblasts were germinating in the old zowcia.
Specimens from the Bombay Presidency, which were obtained a
little later in the month, were in a more vigorous condition,
although even theyv contained many young polypides that weremot
yet fully formed. It seems, therefore, not improbable that 7, indica
dies down at the beginning of the hot weather and is regenerated
by the germination of its statoblasts at the beginning of the cold
weather, i -

At Shastbancottah zoaria were found entangled with zoaria of
a delicate form of Plumatella fruticosa to which they bore a very
close external resemblance. : . ;

L
o



Family 2. PLUMATELLIDE.

bmmmL‘L‘nim, A,llm‘ani (partim), Mon. Fresh-Water Polyzoa,
o PP 76, 81 (1857). i ‘

Phylactoleemata which have horseshoewsh;,ped iopho{mhores and
a well-developed ectocyst not specialized to form an organ of

progression. Some or all of the statoblasts are provided with

a “swim-ring” consisting of symmetrically disposed, polygonal |

chitinous chambers containing air. ‘ i _‘
1t is eonvenient to divide the Plumatellida as thus defined into

subfamilies (the Plumatellina and the Lophopinw), which may be

defined as follows ;——

Subfamily A. PLUMATELLIN .

Zoarinm dendritic or linear, firmly fixed to extraneous objects ;
zoweia tubular, not fused together to form a gelatinous mass.

Subfamily B. LOPHOPIN .

Zoarium forming a gelatinous mass in which the tubular nature
of the zowcia almost disappears, capable to a limited extent of
progression along a smooth surface.

Both these subfamilies are represented in the Indian fauna, the

Plumatelline by two of the three genera known to exist, and the
Lophopina by two (or possibly three) of the four that have been
described. The following key includes all the known genera, but
the names of those that have not been recorded from India are
enclosed in square brackets.

Key to the Genera of Plumatellida,

1. Statoblasts without marginal processes,
A, Zocecia cylindrical, not embedded in a gela-
tinous investment (Plumatelling).

. ¢ Zoweeia arising directly from one another ;| [p 212,
no stolon; free statoblast oval ... .. dvave o PLUMATELLA,
@ Zoweia arising singly or in groups from an' i
adherent stolon ; free statoblasts oval , ... Srorervrs, p. 229,
B. Zoweia cylindrical, embedded in a structureless ‘
gelatinous investment, §i o
Zoweln warising from a ramifying stolon ; .
statoblasts civeular . ... .. M S vio [STEPHANELLA.]

(. Polypides embedded in a hyaline syncecium
that conceals the cylindrical form of the
zocecia (Lophopinge).

' PLUMATELLIDE. L L

®
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¢. Polypides upright, their base far removed
from that of the zoarium when they are

expanded ,..... Vil o LovHorus, p. 281,
e Po}yﬁides recumbent  for the greater part i oo
. of their length at the base of the zoarinm. . [AU{!IRALELLIL"#.]; ‘

L. Statoblasts armed (normally) with hooked pro-
cesses (Lophoping). ‘

i i o
A. Processes contined to the extremities of the

statoblast; zoaria remaining separate through- e
otig dite (UL L0 N i opHOPODRELS,.

B. Processes entirely surrounding the stakoblast;
. many zoaria embedded in a common gela- W
' tinous investment so as to form large com- (p. 285.
i pound colonies, ol dc iy o PrCTINATELLA,

Subfamily A, PLUMATELLINZ,

| Of the two Indian genera of this subfamily, one (Plumatelle) is
 almost universally distributed, while the other (Stolelia) has only

been found in the valley of the Ganges. The third genus of the
subfamily (Stephanella) is only known from Japan.

It should be noted that zoaria of different species and genera of
this subfamily ars often found in close proximity to one another
and to zoaria of Fredericelle, and that the branches of the different
species ave sometimes entangled together in such a way that they
appear, unless carvefully separated, to belong to the same zoarium.

Genus 1. PLUMATELLA, Lamarck.,

Phimatella, Lamarck, Animaux sans Vert. (ed. 1ve) ii, p. 106 (1816).
Aleyomella, id., thid. p. 100, ‘ i
Phonaotella, Allman, Klon. Fresh-Water Polyzoa, p. 92 (1857).
Aleyonella, id., ibid. p. 86. ‘ i i
Phumatella, Hyatt, Comm. Hssex Inst. iv, p. 207, pl. viii (1866).
Plumatella, Jullien (partim), Bulk Soc, zoo{ France, x, p. 100 (1885).
Hyalinella, id., bid. p, 138, ! |
Plumatella, Kraepelin, Deutsch. Stisswass. Bryozoen, i, p. 104 (1887).
Plumatelia, Braem, Unter. il. Bryozoen des siissen Wassers, p. 2
(Bibliotheca Zoologica, i1, 1890), :

Zoartwmn dendritic, recumbent, erect, or partly recumbent and
partly erect, ‘ Dl R ®

Zoweia trbular,not confined in a gelatinous sycecium; the ectoeyst
usually horny. W ‘ ‘ ,
. Statoblasts often of two kinds, free and stationary, the latter
without air-cells and as a rule adherent by one surface, the former
provided with a well-developed ring of air-cells but without marginal
proeesses, oval in form, never more than about 0:6 mm. in length,

Polypide with less than 65 tentacles. i

Certain forms of this genus are liable to become compacted

* fee Rec. Ind, Mus. v, p. 40, footnote (1210).

Wl
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together in such a way as to constitute solid masses consisfing
of elongate vertical mowcia closely paralle!, to one another and
sometimes agglutinated by means of a gummy substance. These
forms were given by Lamarck in 1816 the name Aleyonella, and
there has been much dispute ‘as to whether they represent
a distinet genus, distinet species, or merely varieties or phases of
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Fig. 42.—Outlines of free statoblasts of Plumatella (enlargod).

A, of P, fruticosa (Caleutta) ; B, of . emarginaia, (Caleutta); O, of P. javanica
{Travancore); D, of P, diffusa (Sikhim); B, of P. alimans (Bhim Tal); ¥, of
P, diffusa (Rejshahi, Bengal); G, G, of P. punciata (Caleuntta); H, of P. diffusa
(Sikhim), statoblast further enlarged : A =outline of capsule ; B=limit of swim-
ring on ventral surface ; ¢=limit of swim-ring on dorsal surfite. [The dark
area represents the capsule of the statoblast. | i

more typical forms. 1t appears to be the case that all species which
produce vertical branches are liable to have these branches closely
packed together and the individnal zoecia of which they are com-

osed more or less greatly elongated. [t is in this way that the

orm known to Allman as Aleyonella benedens is produced from
the typical Plumatelle emarginata. Other forms go furthér and
‘secrete a gummy substance that glues the] upright zocecia
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together and forces them to elongate themselves without. oranching.
In these conditions the zocecin betome polygonal in cross-section.
It is probable that such forms (e.g., Plumatella fungosa (Pallas) ) ;
- should ranlk as distinct species, for the gqummy secretion is Present: . 0
in great profusion even in young zonria in which the zoeia have W
not yet assumed a vertical position. No such form, however, has
a5 yet been found in India, and in any ease it is impossible to .
regard Aleyonelle as a distinet genus, | e W

Key to the Indian Spécies of Pltnrnatella.

L Eetocyst more-or less stiff, capable of fransverse
wrinkling only near the tips of the zowsein, never
contractile or greatly swollen : zocecia rounded *

_at the fip when the polypide is retracted, Free
statoblasts elongate ; the free portion of their
swim-ring distinctly narrower at the sides than at
the ends. : !

., A Ectocyst by no means rigid, of a uniform pale

colour; zoweia neyer emarginate or furrowed,

straight, curved or sinuous, elongate, cylin-

fideedl, U R S b e

B. Eetocyst rigid ; zocecia (or at any rate some of
the zoecia) emarginate and furrowed,

b. Ectocyst durkly pigmented over the greater

}}))art of each zowccium, white at the tip ;
ratiching of the zoarium practica’ly dicho-
tomous, profuse, as a rule both horizontal
and vertical ; zomein straight or slightly [p. 220,
curved or sinvous ... R GolTiaels | emargmata,
b'. Betocyst colourless and hyaline ; branching of ‘
the zoarium sparse, lateral, irvegular, hori- |
zontal; zocecia nearly straight, strongly emar- o
“gingteand furbowed 0T Javanica, p. 221,

4" The majority of the zocecia distinctly L-shaped, |

one limb being as a rule adhevent ; ectocyst

mever densely pigmented.
B. Zowmcia cylindrical, their furrowed keel never i

rOmInent, el B b diffusa, Do 228,

Bl th))uac‘ia (or at any rate some of the zomein) :
constricted or tapering at the base, their |

emargination and furrow conspieuous . ... allmani, p. 224.

I1, Eetocyst stiff ; zomcia truncated when the polypide »
is retracted. Surface of zomeia minutely roughened, P 226,
distinetly annulate on the distal part ..,....... tanganyike,

IIL, Ectocysi swollen and contractile, capable of trans-

verse wrinkling all over the zowmeium ; zoweia ‘ 3’
never emarginate. » Ly v b il pietata pa 9 Le

w

iy y
Sruticosa, p. 217,

There has always been much difficulty in separating the species
of Plumatella, and even now there is no general consensus of

* In specimens preserved in spirit they ave apt to collapse and therefore
to becbme somewhat concave.
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opinion ‘a8 to the mumber that should be vecognized.  The
difficulty, however, is much reduced if the following precautions
are obseryved i—- i ;

(1) Xf the zoarium appears to be tangled, if the branches inter-
twine or overlap, or if the zowcia are closely pressed
@ together, the whole mass should be carefully dissected out.
This is necessary mot only because zoaria pelonging to
different species are sometimes found entangled together
but also because it is often difficult to recognize the
characteristic method of branching and shape of the zowcia
unless it is done. ‘ ‘ ‘

(2) As large a part as possible of each zoarium should be

‘ examined, preferably with a binocular microscope,
and allowance should be made for irregularities and abnor-
malities of all kinds. What must be observed is the rule
rather than the exceptions. !

(8) When the statoblasts are being examined, care must be
taken that they lie flat and that their surface is parallel to
that of the nose-piece of the microscope. If they are
viewed obliquely it is impossible to see their true outlines
and proportions,

(4) In order to see the relative proportions of the capsule and
the swim-ring it is necessary that the stitoblast should be
rendered transparent. This is often difficult owing to the
presence of air in the air-cells, but strong nitric acid applied
Judiciously will render it possible (p. 240). -

In superyising the preparation of the plates that illustrate this
genus [ have impressed upon the artist the importance of repre-
senting what he saw rather than what he thought he ought to see,
and the figures are very close copies of actual specimens., I have
deliberately chosen for representation specimens of Plumatella
preserved by the simple methods which are often the only
ones that it is possible for a traveller to adopt, for the great
majority of naturalists will probably have ne opportunity of
examining living specimens or specimens preserved by special
methods, and the main object, I take it, of this series is to enable
naturalists first to distinguish the species described and then to
learn something of their habitat and habits.

GroeraPHICAL Distrisurion.—Of the seven species included
in this key five have been found in Hurope (namely P. fruticosa,
F. emarginata, P. diffusa, P, allmans, and P. punctata), while of
these five all but P. allmani are known to oceur in”N. America
also. P. javanica is apparently peculiar to the Oriental Region,
while P. tanganyike has only been taken in Central Africa and in
the Bombay Presidency. /

Tyens—Very few of the type-specimens of the older species of
Plumatella are in existence. Allman’s are neither in Hdinburgh
nor in London, and Mr. B. Leonard Gill, who has been kind
enough to go through the Hancock Collection at Newcastle-on-
Tyne, tells me that he cannot trace Hancock’s., Those of the
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forms deseribed by Kraepelin are in Hamburg and that of F. tan- .
ganyilke in the British Museum, and there are schizotypes or
paratypes of this species and of P. javanica in ‘Calontin, The. L
types of Leidy’s species were at one time in the collection of the .

Philadelphia Academy of Seience.

. Biorogy.—The zoaria of the species of Plumatella are fonnd
 firmly attached to ‘stones, bricks, Jogs of wood, sticks, floating
seeds, the stems and roots of water-plants, and occasionally to the,
shells of molluses such as Vivipara and Unio. Some species shun

the light, but all are apparently eonfined to shallow water,

* Various small oligochmte worms (e. g., Chatogaster spongille,*

Nais obtusa, Nais elinguis, Slavina appendiculata and Pristina

 longiseta T), take shelter amongst them ; dipterous larvae of the
© genus Chironomus often build their protective tubes at the base of

 the zoaria, and the surface of the zoweia commonly bears a more
ov less profuse growth of such protozoa as Porticella and Epistylis.
1 have seen a worm of the genus Chatogaster devouring the
tentacles of a polypide that had been accidentally injured, but as

" & rule the movements of the lophopbore are too quick to permit
attacks of the kind, and I know of no active enemy of the genus.
The growth of sponges at the base of the zoaria probably chokes
some species, but one form (F. fruticos) is able to surmount this
difficulty by elongating its zoweia (p. 219). A small worm
( Aulophorus tonkinensis) which is common in ponds in Burma and
the east of India as far west as Lucknow, often builds the tube in
whieh it lives mainly of the free statoblasts of this genus. It
apparently makes no selection in so doing but merely gathers the
commonest and lightest objects it can find, for small seeds and
minute fragments of wood as well as sponge gemmules and stato-
blasts of other genera are also collected by it. I know of no better
way of Ubtaining a general idea as to what sponges and phylacto-
Jemata are present in a pond than to examine the tubes of
Aulophorus tonkinensis,

I am indebted to Mi. F. H. Gravely, Assistant Superintendent
in the Indian Museum, for an interesting note regarding the food
of Plumatella. His observations, which were made in Northamp-
tonshire, were unfortunately interrupted at a critical moment, but
1 have reproduced them with his consent in order that ofher

. observers may investigate the })henomena he saw. Mr, Grayely

noted that a small green flagellate which was abundant in water
in which Plumatella repens was growing luxuriantly, was swallowed

by the polypides, and that if the polyparium was kept in & shallow
dish of water, living flagellata of the same species congregated in a
little pile under the anus of each polypide. His preparations
show very clearly that the flagellates were passing throu h the
alimentary canal without apparent change, but the method of

* Apnandale. J. As. Soo. Bengal (n, &) 11, p, 188, pl. 1 (1906},
@t See Michaelsen, Mem, Ind. Mus. I, pp. 181185 (1908).




. to be displayed and it is possible that these granules had dis-
~ appeared from those flagellates which are present in the recta of his
' specimens. It is clear, therefore, either that certain flagellates

must pass through the alimentary canal of Plumatella unchanged,

or that the polyzoon must have the power of absorbing the stored

- food material the flagellates contain without doing them any other
injury.

The free statoblasts of Plumatells ave as a rule set free before

the cells they contain become differentiated, and tloat on the surface
of the water for some time before they germinate ; but occasionally
a small polypide is formed inside the capsule while it is still in its
parent zocecium. I have, however, seen only one instance of this
premature development, in a single statoblast contained in a small
zoarinm of P. fruticosa found in Lower Burma in March. The
fixed statoblasts usually remain fixed to the support of the zoarium,
even when their parent-zocecium decays, and germinate un sifu.

The larva (fig. 40 O, p. 207) that originates from the egg of
Plumatella is a mnute pear-shaped, bladder-like body covered ex-
ternally with fine vibratile threads (cilia) and having a pore at the
narrow end. At the period at which it is set free from the parent
zocecinm it already contains a fully formed polypide or pair of
polypides with the tentacles directed towards the narrow end.
After a briet period of active life, during which it moves through
the water by means of its cilia, it settles down on its broad end,
which becomes adhesive; the polypide or pair of polypides is
everted through the pore at the narrow end, the whole of this
end is turned inside out, and a fresh polyparium is rapidly formed
by budding.

-’* i i
29, Pluniatella fruticosa, Allman. (Plate ILL fig, 1; plate IV,

fig. 45 plate V, fig, 1)

Plumatella frutecosa, Allman; Ann, Nat. Hist. xiii, p. 881 (1844),
Plematella repens, van Beneden (P nee Linné), Mém, Acad. Roy.
Belg. 1847, p. 21, pl. 1, figs. 1-4, ‘

Plumatella fruticosa, Johnston, Brit. Zooph. (ed. 2), (? 404 (1847).
1

Flumatella coralloides, Allman, Rep. Brit. Assoe, 1850, p. 335,
Pl;t{ncfuif]e)lla giricta, id., Mon, Fresh-Water Polyzoa, p. 99, fig. 14
867). i i ;
Plumatella fruticoga, id., ibid. p. 102, pl. vi, figs. 8-b;
o Plumatella corallordes, id., ibid. p. 103, pl. vii, figs. 1-4,

Plumatella repens and P. stricta, Carter, Ann. Nat, Hist. (8) iii,
p. 841 (1869).

Phomatelle lucifuga, Jullien (partéem), Bull. Soe. zool. France, x,
p. 114 (1885).

Plumatella. princeps var. fruticosh, Kraspelin, Deutsch. Susswasser-
bryozoen, i, p. 120, pl. vii, fig. 148 (1887).

Plumatella fruticosa, Braem, Unter, {i, Bryozoen des sissen Wassers,
p 9, pl 1, fig. 15 (Bibl. Zool. 1i) (1390).

Plumatella repens, Annandale, J. As. Soc. Bengal (new series) iii,
1907, p. 88. | 8

CGmasnal 0 00

‘preéé;rvaﬁon does nctpermi‘tj‘_the,reffactile‘ gx"aﬁuleé,ﬁhich were |
present in large numbers in the cell-substance of the flagellates,
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Plumatella. emarginate, Loppens (partm), Ann. Biol, Lacustre, iii,
p. 161 (1908), « foa . ~
Plumatella frutiduse, Annandale, Ree, Ind. Mus. v, p. 45 (1910),

Zoarium, The zoavium in the typical form has  loose appearance,
due to the fact that the branches are far apart and the ectocyst
by no means rigid. When young the zoarium is adherent, but in
well-grown polypiria vertical branches, often an inch or more in
length, are freely produced. As arule they have not the strength to
stand upright if removed from the water. Branching is ordinarily
lateral and as a rule occurs chiefly on ene side of a main branch or
trunk. In certain circumstances upright zocecin are pressed to-
gether and reach a great length without branching, and in this form

- (P. coralloides, Allman) daughter-zoeeia are often produced at the

tip of an elongated mother-zooeium in fan-like formation. A de-

pauperated form (P. stricta, Allman), oecurs in which the vertical
branches are absent or very short, In all forms internal partitions
are numerous and stout,

Zowcia, The zocecin are cylindrical and bear a simple keel on
their dorsal surface. They are never emarginate or furrowed. In
the typical form their diameter is more than half a millimetre,
and they are always of considerable length. The ectocyst is thin
and never very rigid or deeply pigmented, the colour usually being
an almost uniférm pale pinkish brown and fading little towards
the tip of the zocecinm..

Statoblasts, Both free and stationary statoblasts are formed, but
the latter are rare and do not always adhere. They resemble the
free statoblasts in general form but have a solid margin instead of
a swim-ring and are often minutely serrated round the edge. The
free statoblasts are at least considerably, sometimes very elongate ;
in all zoaria it is possible to find specimens that are more than
twice’as long as broad. The capsule is relatively large and re-
sembles the swim-ring in outline, so that the free portion of the
Jatter is not much narrower at the sides than at the ends. The
sides are distinctly convex and the ends rounded ; the swim-ring
encroaches little on the surface of the capsule.

Polypide. The tentacles number between 40 and 50 and are
not festooned at the base. The stomach is slender and slongate.

Tyer not in existence.

Sysremaric Remarks.— P. fruticosa is closely allied to P. repens
(Buropean and N. American) but always has much longer stato-
blasts. Three phases of the species may be distinguished as
follows :—

A. (Forma typica). Zowcia stout in form, not greatly elongate ;
free branches produced in profusion.

B. (P.stricta, Allman, P. repéns, van Beneden). Zooecia slender;
free branches absent or consisting of two or three zocecia
only.

C. (P. coralloides, Allman). Vertical zocecia preseed fogether

+  and greatly elongated.
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 Indian specimens of the typical form agree well with Grorman
‘specimens labelled by Prof. Kraepelin 2. princeps var. [fruticosa,
and specimens of the coralloides phase could hardly be distinguished
_ from similar specimens from Scotland. :
. GEOGEAPHIOAL DISTRIBUTION. P fruticosa is widely distributed
in Enrope and probably in N. America. 1 have seen Indian speci-
mens from the Punjab (Lahore, Stephenson), from Bombay, from
Travancore, from Caleutta and other places in the Ganges delta,
from Rajshahi (Rampur Bhoolia) on the R. Ganges, from Kurseong
in the B. Himalayas (alt. 4,500 feet), and from Kawkaveik in
Tenagserim. Statoblasts found on the surface of a pond near
Simla in the W. Himalayas (alt. ca. 8,000 feet), probably belong
to this species. < ! ! :
Broroey.—Allman states that in Bugland 2. fruticosa is fond
of still and slowly-running water, The typical form and the
coralloides phase grow abundantly in the Calentta tanks, the
former often attaining an extraordinary luxuriance. I have found
the var. stricta only in water in which there was reason to suspect
a lack of minate life (and therefore of food), viz. in Shasthancottah
TLake in Travancore, in a swamp in Lower Burma, and in a small
jungle stream near the base of the Western Gthats in Travancore. |
The species is the only one that I have seen in running water in
India, and the specimens obtained in the jungle stream in Travan-
core are the only specimens I have taken in these circumstances.
P, fruticosa always grows near the surface or near the edge of
water ; it is found attached to the stems of bulrushes and other
aquatic plants, to floating seeds and logs and (ravely) to stones and
bricks. So far as my experience goes it is only found, at any rate
in Caleutta, in the cold weather and does not make its appearance
earlier than October. i
The form Allman called P. coralloides was found by him,
« attached to floating logs of wood, together with P repens and
Cordylophora lacustris, snd generally immersed in masses of Spon-
gilla fluviatilis” 1 have always found it immersed in sponges
(8. lacustris, S. alba, 8. carteri, and 8. crassissima), except when the
sponge in which it had been immersed had decayed. Indeed, the
peculiar form it has assumed appears to be directly due to the
pressure of the growing sponge exerted on the zocecia, for it is often
possible to find a zoarium that has been partially overgrown by a
sponge and has retained its typical form so long as it was free bub
hag assumed the coralloides form where immersed.*  In Shasthan-
cottah Lake, Travancore, I found specimens of the africta phase

* Braem (op. cit., p. 8, pl i, fig. 1),chas described and figured under the
name P, fungosa var, coralloides, Allman, & dense form that somewhat  re-
_sembles this phase of P. fruticosa but has become compacted without external
pressure. It is, however, probably a form of P. repens rather than P. fungose
and differs in its broad statoblasts from any form of P. fruticoss. 1 'have
examined specimens of the same form from England.
¥
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embedded in the gelatinous mass formed by a social rotifer and
to some extent assimilated to the coralloides forma. .

plate 1V, figs. 1,1a)
. Plmatella emaryinata, Allman, Aon. Nat, Hist. xiii, p. 330 (1844).
lerg“itella emarginata, Johnston, Brit. Zooph. (ed. 2), p. 40
1847). ) : ‘ o
Al(cyonclla benedent, Allman, Mon, Fresh-Water Polyzoa, p. 89,
pl. iv, figs, 5-11 (1867). ‘ ‘
Pluimatella emarginata, ¢d., tbid, p. 104, pl. vii, figs, 6-10. :
Plumatella lucifuga, Jullien, Bull. Soe, zool. France, x, figs. 89, 90,
p- 114 (18895). . A

Phematelle princeps vy, emarginata, Kraspelin (partim), Deutsch.
Siisswasserbryoz. p. 120, pl. iv, fig, 108, pl. v, fig. 128 (1887).

Plumatella emarginata, Braem, Unter. i. Bryoz. siissen Wassers,
p. 9, pl. 1, figs. 12, 14 (Bibl. Zool, ii) (1890). )

Plusatella emarginata, Annandale (partim), J. Ag. Soc, Bengal,
(new series) i1, 1907, p. 89. ‘

Pluma;eflla .Jg;'nceps, Loppens (partim), Ann, Biol. lacustre, iii, p. 162,
fig. 7 (1908), : |

.Plu,%fmiella emarginata, Avnandale, Rec. Ind, Mus. v, p, 47 (1910).

30, Plumatella emarginé;ta;‘ Allman,  (Plate 111, fig. s

Zoarium. The zoarium often cavers a considerable ared on flat
surfaces and is sometimes entirely recumbent. More usually,
however, the younger part is vertical, In either case the branching
is practically dichotomous, two young zowmeia arising almost simul-
taneously at the tip of a mother-zoweinm and diverging from one
another at » small angle. When the zoarium becomes vertical,
rigid branches of as much as an inch in length are sometimes pro-

duced in this way and, arising parallel to one another, are pressed

together to form an almost solid mass (=Aleyonella benedens,
Allman). In such cases the basal zoecium or at any rate the
basal part of each upright branch is considerably elongated. In
recumbent zooetia the main branches often radiate outwards from
a common centre. e i

Zowweia. The zoeecia are of almost equal width throughont,
slender, and moderately elongate when recumbent. Their ectocyst
is stiff ; they are emarginate at the tip and more or less distinetly
furrowed on the dorsal surface, the keel in which the furrow runs
not being prominent. The orifice is often on the dorsal surface
even in upright branches. Hach zoecinm is of a dark brown or
almost black colour for the greater part of its length bub has a
conspicuous white tip which is extended down the dorsal surface
in the form of a triangle, its limits being rather more extensive
than and parallel to those of the emargination.

Statoblast. The majority of the free statoblasts are elongate and
truncate or subtruncate at the extremities, the sides being as a
vule straight and parallel. In every polyparium specimens will
be found that are between twice and thrice as long as broad. The
capeule is, however, relatively much broader than the swim-ring,
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often being nearly circular, and there is therefore at either end a .

considerable extent of free air-cells, while the extent of these cells

ab the sides of the capsule is small. The air-cells cover a con-

_ siderable part of the dorsal surface of the capsule. Fixed
statoblasts are usually found in old colonies, especially at the
approach of the hot weather. They have an oval form and are
surrounded by a membranous margin on which tfaces of reticulation
can often be detected. As a rule statoblasts of both types are
‘produced in considerable but not in excessive numbers.

Polypide. There are about 40 tentacles, the velum at the base of
which extends upwards for a considerable distance without being
festooned. The stomach is elongate and slender and marrowly
rounded at the base, e

The method of branching, the coloration of the zowcia and the
form of the free statoblast are all characteristic. Luxuriant or

 closely compressed zoaria of P. diffusa often bear a saperficial -
resemblance to those of P. emarginata, but the vesemblance dis-
appears if they are carefully dissected out. Indian specimens of
P. emarginata agree closely with European ones. i

GEOGRAPHICAT, DISTRIBUTION.—P, emarginate is a comwmon
species in Burope, N. America, and southern Asia and probably
also oceurs in Africa and Australia, I have examined specimens
from Calentta, Rangoon, and Mandalay in Indiaa territory, and
also from Jalor in the Pataul States (Malay Peninsula) and the
Talé Noi, Lakon Sitamarat, Lower Siam. Gemmules found by
Apstein (Zool. Jahrb. (Syst.) xxv, 1907, p. 201) in plankton from
the Colombo lake may belong to this species or to any of the
others included by Kraepelin in his 2, prénceps. :

Broroay.—In Ireland Allan found P. emarginate in streams
and rivulets, but it also occurs in Buropean lakes. In India I
hive only found it in ponds. It prefers to adhere to the Surface
of stones or bricks, but when these are not available is found on
the stems of water-plants. In the latter position the form called
Aleyonella benedeni by Allman is usually produced, owing to the
fact that the upright branches are erowded together through lack
of space, very much in the same way (although owing to a different
cause) as those of P. fruticosa are crowded together in the
coralloides phase, to which the bencdeni phase of P. emarginata
is in many respects analogous.

‘Althongh it is essentially a cold-weather species in Calcutta,
P. smarginata is sometimes found in a living condition during the
“rains.” Zoaria examived at this season, however, contains few
living polypides, the majority of the zoweia having rotted away
and left fixed statoblasts only to mark their former position.

31, Plumatella javanica, Kraepelin.

Plumatella javanica, Kraopelin, Mitt, Nat. Mus, Hamb, xxiii, p. 143,

. figs. 1-8 (1905), !

Plumatella emargmata vax. javanica, Loppens, Ann, Biol. lactstre,
iii, p. 162 (1908).
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Plumatella javanica, Annandale, Rec, Ind. Mus, v, p. 50 (1910),
Phunatella allmans var, dumortiers, id. (partim) (nee Allman), tbid,
p. 49. i ; |

This species is related to P. emarginate, from which it may be
distinguished by the following characters i— ‘ |

Zoarivm, The zoarium is always entirely recumbent and brasiches
sparingly ; its wethod of branching does not approach the dicho-
tomous type but is lateral and irregular. ILinear series of zowmeia
without lateral branches are often formed,

Zocecia. The zoweia are slender and often very long ; they are
strongly emarginate and furrowed, and the keel that contains the
- furrow is conspicuous. The ectocyst is hyaline and as a rule
absolutely colourless. ‘

Statoblasts. The free statoblasts are variable in length, sometimes
distinctly elongate, sometimes elongate only to a moderate degree ;
they are rounded at the extremities and have the sides slightly or
distinctly convex outwards. The capsule is relatively large, and
the free portion of the swim-ring is not much broader at the ends
than at the sides. The fixed statoblasts are elongate aund sur~
rounded by an irregularly sbaped chitinous membrane, which is
often of considerable extent. The whole of the dorsal surface is
covered with what appear to be rudimentary air-spaces some of
which even contain air. ‘

The transparent glassy ectoeyst and strong furrowed keel of
this species are very characteristic, but the former character is apt
to be obscured by staining due to external causes, especially when
the zoarinm is attached to dead wood. The shape of the free
statoblasts is too variable to be regarded as a good diaghostic
character, but the fixed statoblasts, when they are to be found,
are very characteristic in appearance. P. javanica appears to be
closely related to Allman's P. dumortieri, with which stained roaria
are apt to be confused. The character of the ectocyst is, however,
different, and the free part of the swim-ring is distinctly narrower
at the sides of the free statoblasts. Dr. Kraepelin has been kind
enough to send me one of the types.

Types in the Hamburg and Indian Musenms. ]

GrocraPHICAL DISTRIBUTION —Java, Penang, India. Indian
localities are:—Beyoar, Caleutta; Berhampore, Murshidabad ;
R. Jharai, Siripur, Saran distriet, Tirhut: B. Himanavas, Kur-
seong, Darjiling district (alt, 4,500 feet): MADrAS PrusipeNcy,
canal near Srayikaad, Travancore. Mr. C. W, Beebe has receitly
sent me a'specimen taken by him in the Botamical Gardens ab
Penang.

Brorogy.—Very little is kuown about the biology of this
species.  Kraepelin fook it in faya on the leaves of water-lilies.
It is not uncommon during the cold weather in the Calcutta
Zoological Gardens on floating seeds and sticks and on the stems
of bulrushes; in Travancore [ took it in November on the sub-
mergeﬂ(} leaves of Pandam growing at the edge of a canal of




Museum, found it in the R. Jharai on the stems of water-plants

entangled with P. fruticose and P. emarginata.

‘at a time of flood in the ¢ rains.”  In Caleutta it is often found

Ry

32, Plumatella diffasa, Zeidy. (Plate 1V, fig. 2.)

Llopatella diffusa, Leidy, P. Ac. Philad, v, \X’ 261 (1852).

. Plumatella. diffusa, Allman, Mon. Fresh-Water Polyzoa, p. 105
(1857). :
Plumatella diffusa, Hyatt, Comm. Bssox Inst. iv, pl. viii, figs. 11, 12

(1866). | ‘
Plymatella diffusa, id., 1bid. v, g 107, fig. 12 (1868).
Plumatellq repens, Jullien, Ball. Soc. zool. France, x, fig. 37 (lapsus
for 78), p. 110 (1885). ;
Plumatella diffusa, id., ibid. figs. 155, 157, pp. 130, 131, ;
Plumatelle allmani vax. diffusa, Annandale, Rec. Ind. Mus, v, p. 49
(1910). ‘

Zoartum. The zoarium often covers a considerable area on flat

surfaces and is sometimes found crowded together on the stems of

plants, In the latter case the arcangement of the main branches
is distinetly radiate. Upright branches occur rarely and never
consist of more than three zowcia. The charactevistic method of
branching is best represented by the following diagram :—

R G e

I“lg. 43. ¥

The partitions are stout and numerous.

Zoegoa, The great majority of the zocecia in each zoarium are
distinetly L.-shaped, the long limb being usually adherent. The
vital organs of the polypide are contained in the vertical limb,
while the horizontal one, in mature polyparia, is packed full of
free statoblasts. The zocecia are ecylindrical and as a rule ob-
scurely emarginate and furrowed. The ectocyst is stiff; it is
never deeply pigmented but is usually of a transparent horn-
colour at the base of each zowcium and colourless at the tip, the
confrast between the two portions never being very streng. The
basal portion is rough on the surface, the. distal portion smooth.

Statoblasts, Free statoblasts are produced in very great profusion
and fixed statoblasts are also to be found as a rule. The latter
resemble those of 2. emarginata. The free statoblasts are never
very large or relatively broad, but they vary considerably as regards
gize and outline. The capsule is large, the sides convex outwards
and the extremity more or less broadly rounded. The air-cells
are unusually large and extend over a great part of the dorsal
surface of the statoblast, »
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slightly brackish water, Mr. Hodgart, the collector of the Indian
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. Polypide. The polypide is shorter and stouter than that of

L. emarginata and as a rule has fewer tentacles.

. The most characteristic feature of this species is the form af
the womcia, which differ greatly from those of any other Indian . -

species but 2. allmeni. In the latter they are distinctly * keg-
shaped ” (i.e,, constricted at the base and swollen in the middle),
and the zoarium never spreads out over large surfaces in the way
in which that of P. tlziﬁ'usa does. Fa

Type—? in the Philadelphia Academy of Sciences.

GBOGRAPHIOAL - DIsTRIBUTION.—This species was originally
described from North America (in which it is apparently common)
and occurs also in Burope. I have seen Indian specimens from
the following localities :—Bryear, Caleutta and neighbourhood ;
Rajshahi (Rampur Bhulia): E, Hrmaravas, Gangtok, Native
Sikhim (alt. 6,150 feet) (Kirkpatrick, Stewart) : Posaan, Lahore
(Stephenson).

Brorogy,—P. diffusa in Lower Bengal is a cold-weather species.
-« It is remarkable for the enormous number of gemmules it pro-
duces and is usually found either on floating objects such as the
stems of certain water-plants, or on stones or bricks at the edge
of ponds.

33. Plumatella allmani, Hancock. (Plate 1V, figs. 3, 3 a.)

Llumatella allmani, Hancock, Ann, Nat. Hist, (2) v, p. 200, pl. v,
fig. 3-4, pl, iii, fig. 2-8 (1850).

Llumatella allmani, Allman, Mon. Fresh-Water Polyzon, p. 108,
fig. 16 (1857).

Plumatella elegans, id., ihid, p. 107, pl. viii, figs. 6-10.

Plumatella lueifuga (* forme rampante”) Jullien, Bull, Soe. zool.
France, x, p. 114 (1885).

This species is closely allied to P. diffusa, from which it differs
in the following characters :—

(1) The zoarium never covers a large area and as a ruls grows
sparingly and mainly in two directions,

(2) The zowcia are more irregular in shape, not so distinctly
elbowed, smaller ; they have a much more prominently
keeled ridge. The great majority of them are constricted
at the base and taper towards the orifice. In young zoaria
they are almost colourless but in older ones there is biund
;)_f 111)@(; very dense pigment round the base of the vertical
imb, ;

(3) The free statoblasts are comparatively large and usually
show a tendency to taper at the extremities, often being
almost rhomboidal in form. The swim-ring does not extend
so far over the dorsal surface as it does in those of P. dif-
Jusa; the “ cells ” of which it is composed are small,

T¥er not in existence.
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P, elegans. ; 0 & ‘ T
. GrogrAPHICAL DIsTRIBUTION,— P, allmani is apparently a rare

. species to which there are few references in liferature, « 1t was
originally described from England and is stated by Jullien to
occur in France. I have found spécimens only in the lake Bhim

~ Tal (alt. 4,500 feet) in the W, Himalayas, ' ‘ L

© T bave seen every gradation between this form and Allman’

Broroay.—The original specimens were found by Hancock on =

stones, My own were growing on the leaves of water-plantsy
usually on the under side. When the zoeecia were forced to
stretch across from one leaflet to another they assumed the
sinuons form characteristic of Allman’s £. elegans.

34, Plumatella tanganyikae, Rousselet.

 Plumatella tanganyike, Rousselet, Proe. Zool, Soe. London, 1907 (i), »
p. 262, pL. xiv, figs, 1-4. i ; o
Plumatella bombayensis, Avnandale, Rec. Ind. Mus. ii, p. 169, figs. 1,
2 (1908). ; !
Plumatella, bombayensis, id., ibid. v, p. 51 (1910),

Zoarium, The whole colony is recumbent but branches freely
and at short intervals in a {orizontal plane, so that the zocecia
become crowded together and the hranches sometimes overlap
one another. The zoarium often covers a considerable area, but
growth seems to be mainly in two directions. When growing on
the stems of water-plants the branches are often parallel and
closely pressed together but remain recumbent in this position.
A stout membrane sometimes extends between branches and
individual zoecia.

Zoweia. The walls of the zocecia are thick, stiff, and more or less
darkly but not opaquely pigmented; the external surface, although
not very smooth, is always clean. The two most noteworthy
characters of the zocecia are (i) their truncated appearance when
the polypide is retracted, and (ii) the conspicuous, although often
irregular external annulation of their walls. The tip of each
zoweium, owing to the fact that the invaginated part of the
ectocyst is soft and sharply separated from the stiffened wall of
the tube, terminates abruptly and is not rounded off gradually as
is the case in most species of the genus; sometimes it expands
into a trumpet-like mouth., The annulation of the external
sunface is due to numerous thickened areas of the ectocyst which
take the form of slender rings surrounding the zocesinm ; they
are most conspicuous on its distal half, On the dorsal surface of
the base of each zocccium there is a conspicuous furrowed keel,
which, however, does not usually extend to the distal end; the
latter is oval in cross-section. The zoecia are short and broad;
their base is always recambent, and, when the zoarium is attached
to a stone or shell, often seems to be actually embedded in the
support ; the distal part turns upwards and is free, so that the
aperture is terminal; the zocecia of the older parts of the zearium

i Q
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exhibit the specific characters much more clearly than those ab the
growing points, ¢ ‘ B i i
Polypide. The lophophore bears 20 to 30 tentacles, which are
long and slender ; the velum at their base extends up each tentacle
in the form of a sharply pointed projection, but these projections
do not extend for more than one-fifth of the length of the ten-
tacles.  Both the vg({um and the tentacular sheath bear numerous

Fig, dd.— Plumatella tanganyike from Igatpuri Lake,

A=outline of part of zoarinm from astone, X 16; B=outline of the tip
of & single zoxeium, X 70 C=free statoblast, X 70,

minute tubercles on the external surface, The base of the
stomach is rounded, and the whole of the alimentary canal has
a stofif, appearance.



PLUMATELLA, 297

- Statoblasis. Both fixed and free statoblagts are produced, but
not in very large numbers.  The latter are broadly oval and are
surrounded by a stout chitinous ring, whieh often possesses
irregular membranous projections ; the surface is smooth. The
free statoblasts are small and moderately elongate, the maximum
breadth as a rale measuring about § of the leiigth ; the capsule is
relatively large and the ring of air-cells is not very mueh broader
at the ends than at the sides ; the dorsal surface of the central
capsule is profusely tuberculate. The outline of the whole struc-
ture is often somewhat irregular. i e

In deference to Mr. Rousselet’s opinion expressed in a letter I
have hitherto regarded the Bombay form of this species as distinct

‘ from the African one, and there certainly is a great difforence in
the appearance of specimens taken on the lower surface of stones
in lgatpuri Lake and of the types of P. tanganyike, one of which
is now in the collection of the Indian Museum. The dark colour
of the former, however, and their vigorons growth appear to be

directly due to environment, for these characters disappear to a
large extent in specimens growing on the stems of water-plants in
the same lake. Indeed, such specimens are exactly intermediate
between the form * bombayensis” and the typical form of the
species.  P. tanganyike is closely allied to P. philippinensis,
Kraepelin, from the island of Luzon, but the latter has a smooth
and polished ectocyst devoid of annulations, and zocecia of & more
elongate and regular form. . i

Tyres of the species in the British and Indian Musenms, those
of P, bombuyensis in the latter collection.

GrEOGRAPHICAL DISPRIBUTION.—P. tanganyike is only known
as yeb from L. Tanganyika in Central Africa and from Igatpuri in
the Bombay Presidency. o

Broroav.—1In both localities the zoaria were found in shallow
water, In L. Tanganyika they were encrusting stones and shells,
while at Igatpuri they were fixed for the most part to the lower
surface of stones but were also found on the stems of water-plants.
My specimens from the Bombay Presidency were taken, on two
separate occasions, at the end of November. At that date the
zoaria were already decaying and large blanks, marked out by fixed
statoblasts, were often observed on the stones.  Probably, ‘there-
fore, the species flourishes during the * rains.”

35. Plumatella punctata, Hancock. (Plate IV, fig. 5.)

Plumatella punctata, Hancock, Ann, Nat, Hist, (2) v, p. 200, pl. iii
fig. 1, and pl. v, figs. 6, 7 (1850).
Plumatella vesicularss, Lieidy, P, Ac. Philad. vii, p. 192 (1854).
Plumatella vitrea, Hyatt, Comm, Essex Inst. iv, pl. ix, figs. 1,2
1866), ‘
Pli(amatce)lla punctata, Allman, Mon, Fresh-Water Polyzoa, p. 100,
fig. 15 (1867).
Plumatell vesicidarts, id., ibid, p. 101,
Q2
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Plulmatella vitreq, Hyatt, Proc. Essex Inst. v, p. 226, fige. 18, 19
(g Y | ‘ | o
LPlumatella vesicvloris, id., ihid. p. 225, ‘ L
Hyalinella vesiculgris, Jullien, Bull. Soc. 200l France, x, p. 183,
figs, 165-172 (1885), | !
Hyalinella vitrea, id., ibid. p. 184, figs, 175-179. b
Plumatella punctata, Kraepelin, Deutsch., Siisswasserbryozoen, i,
}). 412% g;.)iv, figs, 116, 1165 pl, v, figs. 124,125 ; pl. vil, figs, 158,
154 (1887). ‘ ‘
Plumatelld vesicularis, Braem, Unters. i, Bryozoen siissen Wassers,
p. 8, pl. 1, fig. 8 (Bibl, Zool. ii) (1890). ~
Hyalinella punctata, Loppens, Ann. Biol. lacustre, iii, p. 168 (1908;.
Plumatella punctate, Annandale, Rec, Ind. Mus. v, p. 52 (1910),

Zoarium, The zoarium is entirely recumbent and often appears
to form an almost uniform flat layer instead of a dendritic body.
Sometimes, however, it is distinctly linear, with lateral branches
_produced irregularly at considerable distances alpa.rt.

Zoeecia. The zocecia differ from those of all other specios in
baving a greatly swollen, soft ectocyst which can be transversely
wrinkled all over the zoecium by the action of the muscles of the'
polypide and is distinctly contractile. Tt is mainly owing to the
swollen and almost gelatinous nature of the ectocyst that the
dendritic charactir of the zoarium is frequently concealed, for the
method of branching is essentially the same as that of P. diffus,
although the zowecia are not so distinctly elbowed.  The ectocyst
is colourless or faintly tinted with brown ; as a rule it is not quite
byaline and the external snrface is minutely roughened or tuber-
culate. The zocecia are not emarginate or furrowed.

Statoblasts, Stationary statoblasts are not found. The free
statoblasts ave variable and often asymmetrical in outline, but the
free portion of the swim-ring is always of nearly equal diameter
all round the periphery and the capsule relatively large. Some of
the statoblasts are always broad in comparison with their length.

Polypide, The polypide is comparatively short and stout.

- Buropean specimens are said to have from 80 to 40 tentacles, but
Indian specimens have only from 20 to 30,

Shrunken specimens of the less congested forms of this species
closely resemble specimens of P. repens, but the statoblasts are
more variable in shape and the ectocyst, even in such specimens,
is thicker. Living or well-preserved specimens cannot be mis-
taken for those of any other species. Jullien regarded P. punctate
as the type of a distinet genus (Hyalinella) but included in
Plumatella at least one form (2. * arethusa”) which probably
belongs to this species. Kraepelin distinguishes as ¢ varieties ”
two phases, a summer phase (% var. prostrata”) and an autumn
phase (* var. densa ™). The former often forms linear series of
considerable length with ouly an oceasional side-branch, while in
the autumn phase branching is so profuse and the branches are so
closely pressed together that the zoarium comes to resemble a
unifofm gelatinous patch rather than a dendritic growth, A
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phase resembling the European autumn form is the commonest in
Calcutta and 1 have also found one intermedinte between thig and '
Kraepelin’s “var. prostrate,” neither having any seasonal signifi-
cance in India. L L

| GEoerAPHICAT, DISTRIBUTION,— P, punctote is widely distributed
in Burope and N. America, but in the Oriental Region it has only
been found in Calentta and the neighbourhoed. i ‘

~ B1onoeY.—In this partof India P. punctataflourishes both during .
the “rains ” and in winter. I have found specimens in June and
July and also in December and January. The majority of them
were attached to bricks, but some were on the roots of duckweed,
the stems of water-plants, and the tips of creepers falling into
water. The species is often found together with Stolella indica
and also with other species of its own genus. It is most common,
in the neighbourhood of Caleutta, in that part of the town which
is near the Salt Lakes, and occurs in ponds the water:of which is

_ slightly brackish. ‘

Genus 2. STOLELLA, Annandale.

Stolella, Annandale, Ree. Ind. Mus. iii, p. 279 (1909).
Stolella, id., ibid. v, p. 53 (1910). !

Tyen, Stolelle indica, Annandale.

Zoariwm. The zoarinm consists of groups of zoceia (or occasion-
ally of single zowecia) joined together by an adherent rhizome.
There is'no gelatinous investment.

Zowoia. The adult zowecia resemble those of Plumatella except
in being sometimes more or less upright.

Polypide and Statoblasts. The polypide and statoblasts resemble
those of Plumatella. Fixed as well as free statoblasts oceur,

This genus is closely allied to Plumatella, from which it is’
probably derived. The root-like tube from which the zowcia arise
is formed by the great elongation of the basal part of a zocecium,
and the zoaria closely resemble those of P, punctata, for it is not
until several zoccia have been produced that the characteristic
mode of growth becomes apparent. '

Stolella has only heen found in India and is monotypic *.

45, Stolella indica, Aundiidale, (Plate ¥, flgs, 3, 4)

Stolella indica, Annandale, Rec. Ind. Mus. i, p. 279, fig. (1909).
Stolella indica, id., ibid. v, p. 53 (1910).
Zoarium. The zoarium is adherent and linear, having neither
lateral nor vertical branches.

* But see p. 246 (addenda).
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Zoezetar, The zooecia are short and slender, erect or nearly so,
distinetly emarginate and furrowed. Their ectocyst is soft, colour-
less and transparent biit minutely roughened on the surface. i

Polypide. The tentacles number from 80 to 85 and are rather
short and stout, sometimes being slightly expanded at the tips.
The stomach is comparatively short and abruptly truncated
posteriorly. 4 ‘ W )

Statoblasts. Both free and fixed statoblasts arve found, and both
are variable in form, the latter varying in outline from the cireular
to the broadly oval. The free statoblasts resemble those of
Plumatella punctata, but are sometimes rather more elongate,

Tyrs in the Indian Museum, .

Fig. 45.—Zoarium of Stolella indica on stem of water-plant
(from Caleutta), X 6.

GroGrAPHICAL DIsTRIBUTION.—S0 far as we know, this species
is confined to the Indo-Gangetic Plain. . Major Walton found it
at Bulandshahr in the United. Provinees, and it is not uncommon
in the neighbourhood of Calcutta.

Brovroey.—The zoaria of . indica are usually fixed to the roots
of duckweeds or to the stems of other plants. They are often
found together with those of P. punetata. A slight infusion of
brackish water into the ponds in which it lives does not seem to
be inimical to this species, but I have found it in ponds in which
nothing of the kind was possible. It flourishes during the
“ rains ” and, te judge from specimens kept in an aquarinm, is very
short-lived. Major Walton found it growing over a zoarium of
Hislopia lacustris.

6
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Subfamily B. LOPHOPIN . ‘

. The zoaria of this subfamily are never dendritic but form
gelatinous masses which, except in Australella sare cushion-shaped
or sack-like. With the possible exception of Australella, they
possess to a limited extent the power of moving along vertical or
~ horizontal surfaces, but it is by no means clear how they do so
(see p. 172). The statoblasts are remarkabls for their large size,
and it is noteworthy that .Australella, which is intermediate in
structure between the Plumatelline and the Lophoping, possesses
statoblasts of intermediate size, The swim-ring is always well
developed, and fixed statoblasts are unknown, o

Only two genera (Lophopodelln and Pectinatelly) have been
definitely proved to ocenr in India, but a third (Lophopus *) is
stated to have been found in Madras. Should it be met with it
will easily be recognized by the upright position of its polypides
when their tentacles are expanded and by the fact that the stato-
blasts never bear marginal processes, ‘

il

Genus 3. LOPHOPODELLA, Rousselet,

Loplhoéwdpl]a, Rousselef, Journ. Quek. Micr, Club (2) ix, p. 45
o (1904), , ‘
Lophopodella, Annandale, Rec. Ind. Mus, v, p. 54 (1910).

Tyen, Pectinatella cartery, Hyatt,

Zoariwm. The zoarium consists of a circular or oval mas§ of no
great size. Polyparia do not form compound colonies.

Lolypides. The polypides lie semi-recumbent in the mass and
never stand upright in a vertical position, ‘

Statoblasts, The statoblasts ave of considerable size and normally
bear at both ends aseries of chitinous processes armed with double
rows of small curved spinules.

As a rule the genus is easily recognized by means of the stato-
blasts, but sometimes the processes ab the ends of these structures
are absent or abortive and it is then difficult to digtinguish them
frcm those of Lophopus. There is, however, no species of that

" :

* Only two specles arve known, L. crystallinus (Pallas) from Europe and
N. America, with oval statoblasts that @re produced and pointed at the two
ends, and L. jheringi, Meissner from Braail, with irvegularly polygonal or
nearly circular statoblasts.
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genus known that has statoblasts shdped like 't‘hosyek of thé ]fn"dia‘n“ L

species of Lophopode
Three species ofg

of the statoblast greatly produced, L. thomasi from Rhbodesia, in

which they are distinctly concave, and L. carter from . Africa, ;

India and Japau, ili which they are convex or truncate.

The germination of the gemmule and the early stages in the
development of the polyparium of Z. capensis haye been described
by Miss Sollas (Ann. Nat. Hist. (8) i, p. 264, 1908). |

37. Lophopodella carteri (Hyatt). (Plate 111, figs. 4, 4a.)

Lophopus sp., Carter, Aun, Nat. Hist, (8) iii, p. 385, pl. viii,
figs, 8-15 (1859),

“L?]gféozpus' sp., Mitchell, Q. J. Micr, Seci. London (8) 1, p. 61

l’egltgvbat)eﬂa cartert, Hyatt, Comm. Essex Inst. iv, p. 203 (footnote)

06 ).

I’t'gtz'natgila carberi, Meissner, Die Moosthiere Ost- Afrikas, p. 4 (in
Mobius's Deutsch-Ost-Afriks, iv, 1898), ' ‘

Lophopodella_carteri, Rousselet, Journ. Quek. Mier, Club, (2) ix,
p- 47, pl. iil, figs. 6,7 (1904). |

Lophapz;s caftery, Annandale, Ttec. Ind. Mus, i, p. 471, fg. 8
(1908).

Lophopodella carters, id., thid. v, p. 65 (1910).

Zoariwm. The zoarium as a rule has one horizontal axis longer
than the other so that it assumes an oval form when the polypides
are expanded ; when they are retracted its outline is distinctly
lobular, Viewed from the side it is mound-shaped.  The poly-
pides mdiate, as a rule in several circles, from a common centre,
The ectocyst is much swollen, hyaline and colourless.

Polypide. The polypide has normally about 60 tentacles, the
velum at the base of which is narrow and by no means strongly
festooned. The stémach is yellow or greenish in colour. The
extended part of the polypide measures when fully expanded
rather less than 3 mm., and each limb of the lophophore about
the same, |

Statoblast, The statoblast is variable in shape and size but
Mneasures on an average ahout 0'85%0:56 mm. The ends are

truncate or subtruncate; the capsule is small as compared with

the swim-rieg and as a rule cireular or nearly so. The processes
at the two ends are variable in number ; so also are their spinules,

which are arranged in two parallel rows, one row on each side of :

the process, and ave neither very numerous nor set close together ;
as a rule they curve round through the greater part of a circle and
are absent from the basal part of the process.

i, i . e ‘
ophopodella, all of which occur in Africa, have'
been described ; L. capensis from 8. Africa, which has the ends
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Fig. 46.— Lophopaodelle carteri (from Tgatpuri Lake).
A = outline of & zoarium with the polypides expanded, as seen from below
through glass to which it was attached, X4 B = outline of a zoarium with
the polypides highly contracted, as seen from above, X4: C == statoblast,
X0, : it !
37 a. Var. himalayana. ‘ |
Lophopus lendenfeldi, Annandale (nec Ridley), J, As. Soc, Bengal,
o (0. 8) i, 1907, p. 92, pl. ii, figs. 14 (1907). '
- Lophkopus I’mdenfeldi var. limalayanus, td., Rec. Ind, Mus. i, p. 147,
figs. 1, 2 (1907), !
@

TLophopus himalayanus, id., ibid. ii, p. 172, fig. 4 (1908), )i

This variety differs from the typical form in having fewer
tentacles and in the fact that the marginal processes of the stato-
blast are abortive or absent.
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Pectinalella. davenporti, Oka * from Japan is evidently a local
race of L. carteri, from the typical form of which it differs in
having the marginal processes of the statoblast more numerous
and better developed. = The abortive structure of these processes
in var, himalayana points to an arvest of development, for they
are the last part of the statoblast to be formed. o

Typrs. The statwblasts mounted in Canada balsam by Carter
and now in the British Museum must be regarded as the types of
the species named but not seen by Hyatt. The types of the var,
himalayana are in the Indian Musenm and those of the subspecies
davenporti presumably in the possession of Dr. Oka in Tokyo.

Groerarnican DigrrisurioN.—The typical form oceurs in
Bombay, the W, Himalayas and possibly Madras, and its stato-
blasts have been found in E. Africa; the var. Mimalayana has only
been taken in the W. Himalayas and the subspecies davenporti. in
Japan, Indian localities are :—BompAYy Prusipnsoy, Igatpuri
Lake, W. Gthats (alt. ca. 2,000 feet); the Island of Bombay
(Carter): W. Hivanavas, Bhim Tal, Kumaon (alt. 4,500 feet).

Broroey.—L. cartert is found on the Jower surface of stones
and on the stems and leaves of water-plants, usually in lakes or
large ponds.  Although the zoaria do not form compound colonies
by secreting a common membrane or investment, they are
markedly gregarious,  The most closely congregated and the
largest zoaria I have seen were assembled amongst a gelatinous
green alga of the genus Zolypothriz ¥ (Myxophyces) that grows
on the vertical stems of a plant at the edge of Igatpuri Lake ;
it is noteworthy that in this case the alga seemed to take the place
of the common investment of Pectinatella burmanice, in which
green cells are present in large numbers (p. 287).  The zoaria of
L. carteri are able to change their position, and I found that if a
number of them were placed in a bottle of water they slowly came
together at one spot, thus apparently forming temporary compound
colonies. Before a movement of the whole zoarium commences
its base becomes detached from its support at the anterior end
(fig. 32, p. 172), but the whole action 1s extremely slow and I
have not been able to discover any facts that cast light on its
exact method of production. At Igatpuri statoblasts are being
produced in considerable numbers at the end of November, but
many young zoaria can be found in which none have as yet been
formed,

The larva of a fly of the genus Chironomus is often foynd
inhabiting a tube below zoaria of L. carteri. It is thus protected
from its enemies but can protrude its head from beneath the
zoarium and seize the small animals on which it preys.

# Zool. Anz. xxxi, p. 716 (1907), and Annot. Zool. Japon. vi, p. 117 (1907).

T Prof, W. West will shortly describe this alga, which represents a new
species, in the Journ, Asiat. Soe. Bengal, under the name Zvlypothriv lopho-
- podéllophila.—April 1911,
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| Glenus 4. PECTINATELLA, Léidy.
Cristatella, Lei“dy,' P. Ac. Philad. v, p. 265 (1852).

. Pectinatella, id., 1bed., p. 820,
Pectinatelia, Allan, Mon, Fresh-Water Polyzon, p. 81 (1867).
Pectinatella, Hyatt, Proc. Essex Inst, v, p, 227, dg. 20 (1867).
Pectinatella, Kraepelin, Deutsch, Siisswasserbryozoen, i, p. 133

(1887). ‘

Pectinatella, Oka, Jowrn, Coll. Sci, Tokyo, iv, p. 89 (1891).

Tyen, Pectinatella magnifica, Leidy.

This genus is closely allied to Lophopodella, from which it is often
difficult to distinguish young specimens, Adult zoaria are, how-
ever,always embedded togetherin groups in a gelatinous investment
which they are thought to secrete in common*, and the statoblasts
ape entirely surrounded by processes that bear curved spinules
at their tips only. The polypides have the same semi-recumbent
position as those of Lophopodella but are larger than those of any
species of Lophopodella or Lophopus yet known. = The statoblasts
are larger than those of any other Plumatellida,

The type-species was originally found in N. Awmerica bub has
since been taken in several localities in continental Hurope.
Except this and the Indian form only one spegies is known,
namely P. gelatinosa  from Japan. P, magnifica bhas circular
statoblasts with long marginal processes, while in P. gelatinose
the statoblasts are subquadrate and in P burmanice almost
circular, both Asiatic forms having very short marginal processes.

The compound colonies formed %y Pectinatella are often of great
size. Those of P. gelatinosa are sometimes over 2 metres in length,
while those of P. burmanicain the Sur Lake appeared to be only
limited as regards their growth by the shallowness of the waver in
which the reeds to which they were attached were growing. Some
were observed that were over 2 feet long.

38. Pectinatelia burmanica, dunandale. (Plate 111, fig. 5.)

Pectinatella burmanica, Annandale, Ree. Ind, Mus. i, p. 174, fig. 5
(1908). i

Pectinatella burmanica, td., ibid. v, p. 56 (1910).

Lectinatella burmanica, id., Spol. Zeyl. vii, p. 68, pl. i, fig, 8 (1910).

Zoarium. The zoaria ave circular or nearly so except when about
to undergo division, in which case they are constricled in the
« middle. As a rule they measure nearly an inch (2 em.) in

w
* It is now perhaps open to doubt whether the investment is actually
secreted by the polyzoon, for Prof. W. West has discovered in it the cells of
an alga belonging to a genus which habitually secretes a gelatinous investment
of its own (see p. 238, post.).—dpril 1911, : ;

L
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diameter. The polypides have a definite arrangement in each

. zoarium, being divided into four groups, each of which has a fan-
like form. 1In the first place they are separated into two main
divisions in a line running through the centre of the zoarium, and
secondly each main division is separated into two subordinate ones
in a line running across the other at right angles. The nnmber
of zoaria joined “together in a single compound colony is very
variable ; sometimes there are only about half a dozen and some-
times several hundreds. The common investment in living colonies
is often as much as two inches thick and has a translucent dark
greenish colour due to the presence in it of green cells.
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Fig. 47.—Pectinatella burmanica.

A= polypide with the lophophore expanded, X15; a = @sophagus; b = :

cardiac limb of stomach ; e =stomach ; d = rectum ; ¢ =anus; f =funiculus.
[The muscles are omitted and the external tubercles are only shown on part
of the polypide. The specimen is from the Sur Lake, Orissa.] B = statoblast
from Ceylon, X 35,

Polypide. The polypide can be extruded for a distance of at
least 5'mm. Its whole external surface is covered with minute
tubercles. There are about 90 tentacles, which are long and
slender, the velum at their base being narrow and almost straight.
The stomach is of considerable stoutness.

Statoblast. The statoblasts are of large size, measuring from 1 to
1:75 mm. in diameter. In form they are almost circular, but one
side is always slightly flattened. The marginal processes are very

[
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short and bear a single pair of hooks at the tip. The capsule is
circular and small as compared with the free, part of the swim-

eI ‘ ‘ s i
; Tyen in the Indian Museum, ; i :
| P, burmanice, is evidently a mnear relation of P. gelatinosa, Oka,
from Japan, differing from that species in the shape of the stato-

. blasts and in having much longer tentacles. The arrangement
ws the polypides in the zoarium and the general structure of the
statoblasts arve very similar in the two species. :

GROGRAPHIOAT  DISTRIBUTION -— . burmawica was originally
described from a swamp at Kawkareik in the Amherst distriet of

Tenasserim but has also been found in the Sur Lake near Puri in
Orissa.  Dr. A, Willey obtained specimens from a pool by the
roadside between Maradankadewela and Galapitagala, at the foot
of Ritigala, N, Central Province, Ceylon. ‘

Broroav.—The first specimen obtained was a statoblast fixed to

a tube of the oligochwte worm Aulophorus tonkinensis taken at
Kawkareik in March. At the same time young zoaria, which did
not yet possess a common investment, were found on a leaf
growing on a twig which drooped into the water, Large com-
pound colonies were taken in Orissa in October. They completely
encased the stems of reeds, thus forming hollow eylinders, but
slipped from their supports when the reeds were palled out of the
water. In life they vesembled gelatinous algee rather than animals

‘and exhibited a striking similarity to masses of zoaria of Lophopo-
della carterd surrounded by such algee.,  Some of the colonies were
evidently dying and contained few polypides in 4 living condition,
but many statoblasts ; others were in a flourishing condition and
were producing larvee and statoblasts simultaneously. .

A piece of a colony full of larve was placed before midday in
an aquarium, which was keptiin a shady verandah, Large niimbers
of larvee were set free almost immediately. They measured about

2 mm. in length and were distinctly pear-shaped ; each contained
a pair of polypides, which occupied a comparatively small part of
the interior, the whole of the broader half being hollow. The
larvee swam slowly, broad-end-first, by means of the eilia with
which their surface was covered, occasionally gyrating on their long
axis and always adopting an erratic course. Towards evening
they showed signs of settling down, frequently touching the glass:
of the aquarium with their broad ends and sometimes remaining
still in this position for some minutes. Many attempts were,
however, made before fixation was completed, and tflis did not
occur until after nightfall. By next morning every larva was
fixed to the glass and had everted its two polypides. Unfor-
tunately I was not able to trace the development further, but
young compound colonies were found in which the secretion of
the common inyvestment had just commenced. The zoaria in these
colonies measured abont 1 em. in diameter and already contained
many polypides each,
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Oka bag described the develdpment from the statoblast of the
allied Japanese spewies. He found that each statoblast produced
in the first iustance a single polypide, and that the statoblasts,

- which were produced in autumn, lay dormant through the winter « ‘
and germinated in spring. As the Sur Lake begins to undergo

desiceation as soqn as the “rains” cease, the statoblasts ‘in it
probably do not germinate until the break of the next  rains ”
about the middle of June. 1 have had dried statoblasts in my
possession for over two years. Their cellular contents appear
to be in good condition, although the cells show no signs of
development ; but they have not germinated in my aquarium, in
which some of them have now been kept for more than six
months, ‘ ; : : & :
_ The green cells of the common investment are peculiar bodies
that deserve further study than it has yet been possible to devote
to them. Kach cell is of ovoid form, varying somewhat in size
but as a rule measuring about 0:03 x 0:008 mm. There can be
no doubt that these bodies represent a stage in the life-history of
an alga*. Diatoms, bacilli and other minute plants are often
present in the membrane as well as the characteristic green cells,
but do not form a constant feature of it.

® , :

* Professor W. West identifies this alga as Dactyloccopsis pectinatellophila,
new species, It will be deseribed, before the publication of this book, in the
Journ, As. Soc. Bengal (1911). Prof, West has found, associated more or less
fortuitously with P. burmanica, another algs, namel ¥ Microcystis orission, also a
new species,—April 1911,
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APPENDIX TO THE VOLUME.

Hines oN THE PREPARATION OF SPECIMDNS.

To preserve Spongillide.—Spongillide must be preserved dry
or in very strong alcohol, Formalin should not be nsed. ‘
7o clean siliceous sponge spicules.—Place small fragments of the
dried sponge (if alcohol 1s present, the reaction is apt to be
violent) in a test tube, cover them with strong nitric acid and boil
over the flame of a Bunsen burner or small spirit Jamp until the
solid particles disappear. Add o large quantity of water to the
acid and filter throngh pure cellulose filter-paper, agitating the
liquid repeatedly. Pass clean water in considerable quantities
through the filter-paper and dry the latter carefully; place it in a
spirally coiled wire and ignite with a match, holding the wire in
such a way that the spicules released by the burning of 'the paper
fall into a suitable receptacle. They may then be picked up with
a camel’s-hair brush and mounted in Canada balsam. A
Lo examine the skeleton of a Spongillid.—Cut thin hand-sections
with a sharp scalpel, dehydrate if necessary, and mount in Canada
balsam.,
To prepare gemmules for examination.—Place the gemmules
dry in a watch-glass with a few drops of strong nitric acid. When
gas is given off freely add water in considerable quantities.
Remorve the gemmules with a camel’s-hair brush to clean water,
then to 50°/, 70°,, 90°/, and absolute alcohol in succession,
leaving them for an hour in each strength of spirit. Clear with
oil of cloves and mount in Canada balsam.
o ascertain the presence of bubble-cells in the parenchyma of a
. Spongillid.—Tease up a small piece of the sponge with a pair of
needles, mount under a thin cover-slip in strong spirit, and
.examine under a high power of the microscope.

To preserve Hydra in an expanded condition.—Place the polyp in
a wabch-glass of clean water and wait until its tentacles are
expanded. Heat a few drops of commercial formaldshyde and
squirt the liguid while still hot at the Hydra, which will be killed
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inﬂf@ﬁﬁénéously. Remove it to a Bdlﬁtio‘fnﬂ:djf‘i foi‘ﬁlalﬂéhydea
spirit of the following Fomanla el o a0 G 0

0 e

Absolute alcohol e
Distilled water i ol T parts.

Commereial formaldehyde .. o L l pm't i a

i1 et

| Then pass the Hydra through 50%, and 70, alcobol and keep

in 90°),

o examine the capsules of the nettle-cells.—Place a living Hydra

in a small drop of water on a slide and press a thin cover-slip

down upon it. e i
Do preserve freshwater polyzoa in an expanded condition.—Place

the polyzoa in a glass tube full of clean water and allow them

to expand their tentacles. Drop on them gradually when they are
fully expanded a 2°/, aqueous solution of cocaine, two or three

drops at a time, until movement ceases in the tentacles. Then

pour commercial formaldehyde into the tube in considerable
quantities. Allow the whole to stand for half an hour. If it is
proposed to stain the specimens for anatomical investigation, they
should then be removed through 50°/, and 70/, to 909/, alcohol..

If, on the other hand, it is desired to keep them in a life-like
_condition they may be kept permanently in a solution of one part

of commercial formaldehyde in four parts of water. Care must be
taken that the process of paralyzing the polypides is not unduly
prolonged, and it is always as well to preserve duplicate specimens.
n sPirit or formalin with the lophophore retracted,

d

o prepare statoblasts for examination.—Place the statoblasts for '
a few minutes in strong nitric acid. Then remove the acid with

water, pass through alcohol, clear with oil of cloves, and mount in
a small quantity of Canada balsam under a cover-slip, taking care
that the statoblasts lie parallel to the latter.
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i

The followmg addenda are due ma.mly to an expedmon to the
lakeﬂ of Kumaon in the W, Himalayas underbaken by Mr. 8, W.
Kemp in May, 1911,

" PART 1.
Genug SPONGILLA

Subgenus EUSPONGILLA (p. 69).

1 a. Spongilla lacustm, subsp. reticulata (b7 ])

Specimens were taken in the lake Malwa Tal (alt. 8600 feet)in
Kumaon, while others have recently been obtained from the
Kalichedu irrigation-tank in the Pagnor talug sof the Nellore
district, Madras (G. H. T@ppw)

W

4. Spongilla cineres (p: 79).

‘Specimens were taken in Naukuehia Tal (alt. 4200 feet) in
Kumaon. They have a pale yellow colour when dry. This sponge
has not hitherto been found outside the Bombay Presidency.

Subgenus EUNAPIUS (p. 86).
8. Spongilla carteri (p. 87).

Specimens were taken in Bhim Tal (alt. 4450 feet) and Sab
Tal (alt. 4500 feet). Some of them a,ppxoach the variety cava in
structure,

- Subgenus STRATOSPONGILLA (p. 100).
12. Spongilla bomba.yensm (p. 102).
Add & new variety :— i ‘ ¥
18a, Var, pneumatlca., nov.

This variety differs from the typical torm in the following
characters :—

(i.) The sponge forms a flat layer of a pale brownish colour
as a rule with short and very delicate vertical brarches.
B
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In one specimen it takes the form of an elegant cup
attached, only at the base, to a slender twig. '

(ii.) The gemmules are covered, outside the spicules; by a
thick pneumatic coat of irvegular formation and with ©
comparatively large air-spaces. |

(iii,) The gemmulie-spicules are regularly satxeage-sbaped;

o

Tyees in the Indian Museum, L |
Hagrar. Naukochia Tal (alt. 4200 feet), Kumaon, W, Hima-

layas (S. W. Kemp).

Gtenus EPHYDATIA (p. 108).
After Bphydatia meyend, p. 108, add :—

Ephydatia fluviatilis, auct.

?J(ffggj)ntia JSuviatilis, Lamouroqx; Encyclop. Méthod. ii, p. 827

Spongillai Shuviatilis, Bowerbank (partim), Proe, Zool. Soc. London,
1868, p. 445, pl. xxxviii, fig. 1, :

Ephydatw faviatitis, J. B, Gray (partim), Proc. Zool. Soc. London,
1867, p. 550, ‘

Mag/emz(z Sluviatilis, Carter (partim), Ann, Nat. Hist. (6) vii, p. 92,
pl. vi, g, 11 a, b (1881).

Ephydatia fluiatilis, Vejdovsky, Abh. k., Bohm, Gesellschaft Wiss,
xi, p. 24, pl. i, figs. 1,2, 7, 10, 14, 19 (1883).

Ephydatia fluviatilis, id., P. Ac. Philad. 1887, p. 178

Meyenia fluviatdis var. gracilis, Potts, bid., p. 224,

Mgyenia robusta, id., ibid., p. 226, pl. ix, fig. 5.

Ephydatia fluiatilis, Weltner, Arch. Naturg. Berlin, 1895 (i)
22. g
Lphydatia robusta, Annandale, Journ, As, Soc. Bengal, 1907, p. 24,

fier, 7. 5
Ephydatia fluviatilis, Weltner, in Brauer's Siisswasserfauna Deutach~
lands xix, Siisswasserschwimme, p. 185, figs. 816, 817 (1909).
Liphydatia fluviatilis, Annandale, P,U. S, Mus, xxxviii, p. 649
(1910).

[Many more references to this common species might be cited, but those
given above will be sufficient. ] : '

1

This speéies only differs from B, meyeni in the following charac-
ters i-— i

(i.) there are no bubble-cells in the parenchyma ;
(ii.) there is loss spongin in the skeleton, which is less compact ;

(iii.) the gemmule-spicules are longer, the shafts being as a rule
longer than the diameter of the rotuls ; j
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(iv.) the gemmules afefarméd‘ivith a single row of vegularly
arranged spicules embedded in prsumatic tissue with
minute air-spaces, ‘ SR A s

The sponge is a variable one and geveral ¢ varieties ” haye been
desaribed from different parts of the world. My Indian speci-
mens come nearest to the form deseribed by Potts as Meyenia
robusta, but have rather more slender skeleton-spicules and more
elongate gemmule-spicules. The latter also appear to be less.
frequently ** monstrous.” ‘ : '

9

A L 4

GirocrAPHIOAT Distresumion.—E. fluviatilis is widely distri-
buted in Europe and occurs in N. America,* 8. Africa (var.
capensis, Kirkpatrick), Australia, and Japan. Specimens were
obtained by Mr. Kemp from several lakes in Kumaon, namely
Naukuchia Tal (alt. 4200 feet), Bhim Tal (4460 feet), Sat Tal
(4500 feet), and Naini Tal (6300 feet). The gemmules from Bhim
Tal referred by me to &. robusta (Potts) also belong to this species.

Bioloyy. The external form of the sponge is due in great part
to its environment. Specimens on small stones from the bottom
of the Kumaon Lakes consist of thin disk-like films, often not
more than a few centimetres in diameter and a few millimetres
thick : others, growing on thin twigs, are elevatedyand compressed,

_ Tesembling a cockscomb in appearance, while others again form

nodules and masses of irregular form among the branches of
delicate water-weeds. Some of these last are ‘penetrated by
roaria of Fredericella indica. :

Weltner has published some very interesting observations on
the seasonal variation of minute structure in Huropean repre-
sentatives of the species (Arch, Naturg. Berlin, Ixxiii (i), p. 273
1907) and has discussed the formation of the abnormal spicules
that sometimes oceur (ibid. lxvii (Special Number), p. 191, pls.vi,
vii, figs. 27-69, 1901).

Genus CORVOSPONGILLA (p. 122).
After Corvospongilla burmanica, p. 123, add a new species :—

- Corvospongilla caunteri, nov.

Sponge forming thin films of considerable area not more than
3 or 4 mm. thick, of a bright green colour, moderately hard but
friable. The surface smooth ; oscula inconspicuous, surrounded
by shallow and ill-defined radiating furrows ; a very stoub basal
membrane present. |

* Most of the forms nesiﬁned by Potts to this species belong to the closely
allied B, miillers (Lieberkiihn). ‘
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Slkeleton reticulate but almost devoid of spongin, the retioula-

tions close but formud mainly by single spicules ; skeleton-fibres
barely distinguishable. A close layer of spicules lying parallel to
the basal membrane. i
Spicules. Skeleton-spicules variable in size and ‘shape, almost
straight, as a rule smooth, moderately stout, blunt or abruptly
pointed ; sometimes roughened or epiny at the tips, often sharply
pointed. Flesh-spicules minute, few in number, with smooth,
slender shafts which are variable in length, never very strongly

D xz40.
Rig. 48.— Corvospongilla caunters (type, from Lucknow).

A = Gemmuls; B = gemmule-gpicules’; C = flesh-spicules ;
D = Skeleton-spicules.

enrved; the terminal spines relatively short, not strongly recurved,
Gemmule-spicules ' amphistrongylous or amphioxus, irregularly
spiny, slender, of variable length. ;
Genvnules free in the substarice of the sponge, spherical or
somewhat depressed, very variable in size but never large, haying
a thick external pneumatic coat in which the air-spaces are
extremely small and, inside this coat, a single rather sparse layer
of spicules lying paraiiel to the gemmule. A single depressed
apertute present.

»
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. Tyeu in the Indian Museum. = ! ‘
 Hasrrav, Hazratganj, Lucknow; on pierd of bridge in running
water (J. Caunter, 20-30. iv, 11), | ‘

The structure of the gemmules of this species differs con-
siderably from that in any other known species of the genus, in
which these structures are usually adherent and devoid of a true
pneumatic coat. In some of the gemmules before me this coab
measures in thickness about 3 of the total diameter of the gemmule.
C. caunteri is the first species of Corvospongilla to be found in

the Indo-Gangetic plain. ‘ '

PART 1I,

Grenus HYDRA (p. 147).

25, Hydra oligactis (p. 1568).

Mr. Kemp found this species common in Bhim Tal in May.
His specimens, which were of a reddish-brown colour in life,
appear to have been of more vigorous constitution than those
taken by Major {gtephenson in Lahore. Some of them had foar
buds but none were sexually mature. '8

PART 11k
‘Genus FREDERICELLA (p. 208).

28. Fredericella indica (p. 210).

This species is common in some of the Kumaon lakes, in which
it grows, at any rate at the beginning of summer, much more
luxuriantly than it does in the lakes of the Malabar Zone in
autumn, forming dense bushy masses on the under surface of
stones, on sticks, &e. The vertical branches often consist of -
many zocecin. Mr. Kemp took specimens in Malwa 'al, Sath
Tal, and Naini Tal (alt. 3600-6300 feet).

/ Glenus PLUMATELLA (p. 212).
30. Plumatella emarginata (p. 220).

Mr. Kemp took hushy masses of this species in Malwa Tal and
Bhim Tal.

32. Plumatella diffusa (p. 223).
This species is common in Malwa Tal and Bhim Tal in May.
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33. Plumatella allmani (p. 224).

Mr. Kemp only found this species in Malwa Tal, in which (at
any rate in May) it appears to be less abundant than it is in .
Bhim Tal in autumn. Mr. Kemp’s specimens belong to the form .
called P. elegans by Allman, / ‘ g

34. Plumatella tanganyikm (p- 225).

Specimens taken by Mr, Kemp, somewhat sparingly, in Bhim
Tal and Sath Tal in May exhibit a somewhat greater tendency
towards uprightness of the zoweia than those I found in autumn
in Igatpuri lake. The ectocyst is, in the former specimens, of a
deep but bright reddish-brown. The zoaria are attached to twigs
and small stones. ' i

Genus STOLELLA (p. 229).
After Stolella indica, p. 229, add a new species i—

Stolella himalayana, nov.

This species may be distinguished from . inddea by (i) its
entirely recumbent zocecia, and (ii) the lateral branches of its
zZoarinm. ;

Zoariwm entively recumbent, consisting of zocecia joined together,
often in groups of three, by slender, transparent, tubular pro-
cesses. These processes are often of great relative length ; they

Fig, 49,~Stolella limalayana (1ypes, from the Kumaon lakes).

A. The greater part of a young zoarium, B, Part of a
g .
much older zoarium,

are formed by a modification of the posterior or proximal part of

the zoeia, from which they are not separated by a partition, and
they 1ncrease in length up fo a certain point more rapidly than

\¥
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the zocecia proper. A zocecium often gives rise first to an
anterior daughter-zocecium, the proximal part of which becomes
elongate and attenuated in dne course, and then to a pair of
lateral daughter-zocecia situated one on either side. As a resulf
of this method of budding a zoarium with a close superficial re-
semblance to that of Paludicella is at first produced, buf as the
colony increases in age and complexity this Zesemblance largely
disappears, for the zocecia and their basal tubules grow over one
another and often become strangely contorted (fig. 49).

Zocecia elongate and slender, flattened on the ventral, strongly -
convex on the dorsal surface; rather deep in proportion to their
breadth ; the ectocyst colourless, not very transparent except on
the stolon-like tubular part; dorsal keel and furrow as a rule
absent ; orifice unusually inconspicuous, situated on a tubercle on
the dorsal surface,

Polypide stout and short; the tip of the fundus of the stomach
capable of very complete constriction; the retractor muscles
unusually short and stout.

Statoblasts, Only free statoblasts have been observed. They
resemble those of §. indice, but are perhaps a little longer and
more elongate.

Tyres in the Indian Museum.

The discovery of this species makes it necessary to modify
the diagnosis of the genus, the essential character of which, as
distinguishing it from Plumatella, is the differentiation of the
proximal part of some or all of the zocecia to form stolon-like
tubules. From Stephanella, Oka, it is distinguished by the absence
of a gelatinous covering, and by the fact that all: the zoccia are
attached, at least at the base, to some extraneous object.

Hasrrar. Malwa Tal, Kumaon (alt. 3600 feet), W. Himalayas
(Kemp, May 1911). :

Brorogy. Mr. Kemp took three specimens, all attached to the
lower surface of stones. They contained few statoblasts and
were evidently in a condition of vigorous growth. Between the
lateral branches nmew polyparia were developing in several in-
stances from free statoblasts, each of which appeared to contain
two polypides.
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All names printed in italics are synonyuis,

When

alba (Euspongilla) (Spon-

lgi‘\lu,s, , 9. ) b

alba (Spongilla), 4, 22,
65, 7g. o

alba. var. bengalensis
(Spongilla), 4, 22, 63,
by T

alba  var, cerchellata
(8pongilla), 22, 63,76.

alba vay. inarina (Spon-
0 R

Aleyonetla, 212.

Aleyonellea, 185.

allmani (Plumatella), 7,

8,9, 23, 188, 224, 246,

allmani vax. diffusa (Plu-
matella), 223,

allmani var. dwmortieri
(Plumatella), 222.

attenuata (Hydra), 148,

158.
awrantiaca (Hydra), 148,
auren (Pectispongilla), 9,
22, 63, 106, Gl
aurea v
(Pectispongilla), 65,
107.

benedieni  (Alcyonella),
220. i
bengalensis  (Bower-

baiikia), 189,
bengalensis (Membrani-
ora), 23.
bengalensis (Spongilla),
0

bengt;lellais (Vietorella),
4, 8,9, 23, 187, 195,

blembingia (Ephydatia),
54 ‘

54,
bogorensis  (Eph ydatia),

4.

subspinosa

more than one reference is given, the pa
oceurs is indicated by thickened numerals.

A

bombayensis (Plumatella),
29

bombayensis (8pongilla),
22,68, 100, 102, 241.
bombayensis (Stratospon-
gilla) (Spongilla), 8, 4.
Bowerbankia, 187, 189.
brunnea (Hydra), 148,
burmanica  (Coryospon-
gilla), 8, 22, 64, 122,
burmanica (Peetinatella),
8,110, 23, 188, 235,

caleuttann  (Spongilla),
96

cambodgiensis - (Noro-
donia), 202

Carterella, 103,

carteri (Eunapius) (Spon-
gilla), 7, 8, 9, 10.

carteri (Eunapius), 87.

carteri (Lophopodella), 7,
8, 23, 188, 282, 233,

cartert (Lophopus), 232,

carteri(Pectinatella), 2315
232

carteri (Spongilla), 4, 22,
63, 86, 87, 241.

carteri var. cava (Spon-
gilla), 22, 63.

carteri var. himalayana
{Lophopodella), 23
188,

carteri vur. lobosa (Spon-
gilla), 22, 63.

carteri wgr. moliis (Spon-
gilla), 22,63.

caudata,  (Bowerbankia),
189.

caudata subsp. bengalen-
sis (Bowerbankia), 23,
189,

i
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o on which the deseription

(Coryospon-

gilla), 248, :

cava (Spongilla), 88,

cerebellata (Spongilla), 76

ce}ilﬂnensis (Trene), 22,
140

Cheilostomata, 184.
Chlorella, 50. i
cineren  (Huspongilla)
(Bpongilla), 9.
cineren (Spongilla), = 22,
63,772,179, 241
clementis (Stratospon-
gilla) (Spongilla), 53.
coggini (Stratospongilla),
(Spongilla), 53.
colonialis  (Loxosomas
toides), 25.
contectw ( Sponyilla), 95.
cor;zlloz'cles (Plumatedla),
ST ‘
Corvospongilla, 64, 122,
243

crassior (Spon%illa), 98.
cragsissima . (Eunapios)
(8pongilla), 9.
crassissima  (Spongilla),
4, 22, 68, 98. |
crassissima, var. crassior
(Spongilla), 23, 63.
cragtm‘ij/"bmzxis (Meyenia),

cruteré/b;mis(ﬁ/))hydatia),
crateriformis (Euspon- |

gilla) (Spongilla), 8,9.
erateriformis  (Meyenia),
33

crateriformis (Spongilla),
22, 63, 83, Ly
Cristatella, 235.
Oristatellina, 2062
S T
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Ctenostomata, 184, 185,
187, 189,
Cyelostomata, 184.

i

decipiens (Spongilla), 54,
9('?,‘97. il 4
| diffusa  (Plumatella), 7,

'8, 9, 23, 188, 228,
245

dizoia (Hydra), 158,
Dosilia, 64, 110, .

Hehinella, 199.

| elegans (Plumatella), 224,

Bleutheroblastes, 146,
147,

emarginata (Plumatella),
4,8, 9, 10,0 28, 188
218, 220, 2456,

emarginata var. javanice
(Plumatella), 221,

Entoprocta, 183,

Ephydatia, 64, 108, 242,

erinaceus  (Spongilla),

14

Euna;;ius, 63, 86, 24..
Huspongilla, 63, 67, 69,
241, ;

ﬂla?enta()m ( éyncoryne),

, 140,

fluyiatilis (Ephydatia),
109, 24.2.

feviatilis ©' (Meyenia),

fluviatilis
108, 242,

Juviatilis var,  graeilis
(Meyenia), 242,

fortis (Ephydatia), 52, 53,

fmggélis (Bpongilln), 95,

(Spongilla),

fragilis subsp. caleuttana
(Hunapius) (Spougilla),
9

fragilis subsp. ealonttana
(Spongilla), 22, 63,

- fragilis subsp, decipiens
(Spongilla), 22, 63,

Fredericella, 188, 208,
245,

Freprricenine, 188,
208.

friabitis (Spongilia), 87.

fruticosa (Plamatella), 4,
7, 8,923, 188, 217,
¢ 18 o

2180 ‘
Sfusea Hydra), 158, 159.

”
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Gee&fd]nucﬁw, A0

Ugemina (Kunapius)

ge(Spungillu), 8.

gemina, (Spongilla), 22,
3, 97, i

| glogﬁrfemta (Spongithe),
ailan ‘

grisea (Hydra), 148, 149,
Gymnolemata, 184, 187,

Halichondrina, 65,
hemephydatia  (Buspons
gillu& (Spongilla), g

hemep
gilla), 22, 63, 82,

hexaetinella | (Hydra),
148, ‘ j

himalayans  (Lophopo-
della), 238,

. himalayana  (Stolella),

246.

himalayanus. (Lophopus),
283

Hislopia, 187, 199,
Hislopidées, 199,
Hisrornns, 187, 199,
Homodimbides, 191,
| Hyalinella, 212,
Hydra, 146, 147, 245,
Hydraidse, 147,
Hyorina, 146, 147.
hydriforme = (Poly-
podiam), 142,
Hydroroa, 146,

indica, (Ephydatia), 83,

indica (Fredericella), 9,
23, 188, 209, 245,

indica (Spongilla), 22, 63,
100.

indica (Stolella), 4, 9, 23,

, 229,

indica (Stratospongilla),
(Spongilla), 9,

Javanica (Plumatella), 4,
8,19, 28, 1R8, a2y
2992, i

kawaii (Limnocodium),
141.

@

lacroixii(Membranipora),
23

lacustris (Cordylophora),
141,

lacustris . (Euspongille),
69 ]

ydatia (Spon-

#wustris (Hisloﬁi;z’i‘), ) i

9, 28, 187, 199, 202,

204

lncustris (Spongilla), 63,
P

lncustris  subsp, monili-
‘f%l:;nis (Hislopia,), 9,28,
187. (i } !

lacustris sudsp. vetioulata

(Bpongilla), 4,8,9, 22,
Mo T

L 24l
lacustris vav, bengalensis
- (Spongillay, TV

lapidosa(Corvo fdngil]u). i’

119,109..64, 124, i
lapidosa. (Spongilla),
124.

latouchiana | (Trocho-
spongilln), 4, 8, 9, 92,
0d, 115,

leidyi (Trochospongille),
i Bl :

lendenfeldi  (Lophopus),
2338 ‘

Amdmr;f‘bl(li var. hima-
layanus| (Lophopus),
438,

lobosa, (Spongilla), 89,
Loenorivg, 188, 211,
281

Lophopodella, 8, 188
Sa1 {

Lophopus, 8, 232,

lordir (Spongitla), 95.

loricata (8pongilla), 192,

toricate var. burmanicn,
(Spongilla), 122,

luetfuga  (Plumatella),
217, 220, 224,

magnifica (Pectinatella),

meyeni (Ephydatia), 7,9,
08 ‘

17,22, 64,1
meyeni {(Spongilla), 108,
Meyenia, 108, 113, 4
mieroselerifera (Buspon-
gilla) (Spongilla), 53.
mollis (Spongilla), 8.
m%xgiiformis (Hislopia),

monacia (Hydra), 158,
margiana (Spongilla), 95,

wditlery (Ephydatia), 109,
248,

millers - subsp,  meyeni
(Ephydatia), 109.

No}oczom'tx, 199.
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| aligatis (iydm), 7. 28,
46, 158, 159, 245,
‘ofifzgwlis (Hydra), 148,

ottavensis

[oF

. pallens (Hydm), 148.
Paludicella, 187, 192.

187,
191. ]
Paludicellidées, 191,
Paludicellides, 191.
Paludicellina, 186, 187,
il 1
avlula (Spongilta), 120.
gzwida (Vgrtafellwg, 194,
190

Pectinatells, 128, ase.

pectinatellophila (Dacty-
loceopsis), 288,

Pectispongilla, 63, 106,

pennsylvanica (Trocho-
spongilla), 9, 22, 64,
i

ﬁanusy'lwnica (Tubella),
-szmc;timlla (Hydra),
49

philippinensis (Euspon-
gilla) (Spongilla), 53.

phillottiana  (Trocho-
spongilla), 4, 8, 9, 22,
64, 117,

Phylactolemata, 185,
188, 206.
Plumatella, 188, 208,
| 212, 240,

PruMArentipm, 188, 211,
Plumatelling, 188, 206.
PromarsLuNg, 188, 211,

212,
plumosa (Dosilia), 8, 9,
§ , 111

22, 64 v
; phm;zaaa (Ephydotia),
111

plumose. (Meyenia), 111.

pluosa (Spaﬂéqilla), 111,

pnenmatica (Stratospon-

illa) (Spongilla), 241,

uem pof éﬁm (Hyclia), 148,
9.

(Spongillay, :
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Polyzoa, 188, ]
princeps  (Plumatelie), o
220. i ’f
prineeps Var. emarginata
(Plwmatelta), 22%1;
princeps  wav.  fruticosa
(Plumatelle), 217.

proliferens (Euspongilla)

(Spongilla), 8,9, 10,
proliferens (Spongilla), 4,
I’r()'ter(;‘npoﬁgin: 27,
pungtsam (Hyalinella),

50 i

pl&ﬂti&tﬁ (Plumatella), 9,
188, 227.

repens (Plumatelin), 217,
223,

reticulata (Spongilla), 71.

rhetica (Hydra), 168,

robusto (Ephydatia), 109,
242, ;

robusta (Meyenia), 242,

roeselii (Hydra), 168,

ryderi (Microhydra), 141,

sehilleriana (Sagartia), 2,
22, 140,

sehilleriana  swbsp. exul
(Bagartia), 22.

sibirica (Spongilla), 9.

sinensis (Norodowia), 202.

sinensis (Stratospongilla)
(Spongilla), 55.

soetalis (Hydra), 198.

sowerbii  (Lamnoco-
dinm}, 141,

Spongilla, 63, 67, 86,
241,

Spongilladwm, 65.

SronaLuina, 65,

Stolella, 188, 229, 246,

Stolontfera, 185,

Stratospongilla, 63, 100,
2

41,
striote (Plumatslla), 217.

« gubspinosa  (Pectispon-

gilla), 107
sumatrana  (Stratospon-
gilla) (Spongilla), 53.

s

tanganyike  (Limno-

3

cuida), 142, el
tanganyike (Plumatella),
9, 24, 188, 225, 246.
Trachospongilla, 64, 113,
Trachysponglla, 108,
travancorica  (Huspon-
gilla) (Spongilla), 9.
travancoriea (Spongilla),
29,63, 81, g
trembleys (Hydra), 148.
Tubella, 64, 118, 120,

altima (Spongilla), 22,
ulti'n;a (Saratospongilla‘)
(8pongilla), 9. »

Vesicunaring, 189,

Vesicularina, 186, 187,
189,

wvesicwlaris (Hyalinella),
""78

vea:&wlaris (Plumatella),
227, 228,

vesparioides (Tubella), 8,
22, 64, 120.

vesparium (Tubella), bH4,

vestita (Bimeria), 22,
189,

Victovella, 189, 194,

Victorellidee, 191,

Victorellides, 191.

vividis (Hydra), 147,

vitrea (Hyadinella), 228.

vitrea (Plumatella), 227,
228,

vulgaris | (EHydra), 4, 8,

S)g, 10, (fZQZ 130, 146,

148, 119, 168,

whiteleggei  (Cordylo-
phora), 141

yunna.nensis. (Euspon-
gilla) (Spongilla), 53,
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PLATE 11,

PROTOGRAPHS OF DRIND SPECIMENS OF Spongilla, Tubella,
AND Corvospongilla, i

Fig. 1. Part of a large specimen of §. (Bunapius) carters from
; Calcutta, to show the conspicuous rounded oscula
(reduced ).

Fig. 2. Gemmules of (Stratospongilla) bombayensis on a stone

from the edge of Igatpuri Lake, Bombay Presidency

(nat. size),
Fig. 3. Part of one of the type-specimens of §. (Stratospongilla)
j ultima from Cape Comorin, Travancore, to show the
star-shaped oscula (slightly enlarged), :

Fig. 4. Part of the type specimen of 7. wesparioides (external

. membrane destroyed), to show the reticulate skeleton
wnd the numerous gemmules (nat. size). ‘

Fig. 5. Part of a schizotype of 0. burmanica, to show the aleﬁabed .

_oscula (nat. size). °

-
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PLATE III.

ProroarArus OF SPROIMENS OF Plumatella, Lophopodella,
AND Pectmatelle.

1g 1. Specimen in spirit of P. fruticose (typical form) on the
leaf of a bulrush from a pond in the Caleutta Zoological
Gtardens (nat. size).

Fig. 2, A small zoarium of the Benedens phase of P. emarginata
from Rangoon (nat. size). Part of the mass has been

removegl at one end to show the structure. The speci-
men was preserved in spirit.

Tig. 8. Part of a large zoarium of 2. diffusa on a log of wood

from Gangtok, Sikhim (nat. size). An enlarged figure
of another part of the same specimen is given in fig. 2,

PL IV, The specimen was preserved in spirit.
Figs. 4, 4a. Specimens of L. carteri from Igatpuri Lake, Bombay,
wpreserved in formalin. Fig. 4 represents a mass of
polyparia surrounded by a green gelatinous alga on the
stem of a water-plant ; fig, 4@ an isolated polyparium

with the polypides fully expanded from the under surface

of a stone in the same lake. Both figures are of na.tur‘al
size,

Fig. 5. Part of a compound colony of P. burmanica on the stem
of a reed from the Sur Lake, Orissa (nat. size, preservéd

in tﬁorma‘lm)

)
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PLATE 1V,
SenormaNs or Plumatella,

Pig. 1. Vertical branch of a polyparium of P. emarginata from
Calentta, to show method of branching (x8). The
~ specimen was preserved in formalin, stained with
hsemalum, and after dehydration and clearing, mounted

in canada balsam. J

Tig. 1 a. Part of a young, horizontal zoarium of P. emarginata
from Rangoon ( x 4, preserved in spirit).

Fig, 2, Part of a zoarium of P, diffusa from Gangtok, Slkbxm
(x4). See Pl III, fig, 8.

Figs. 8, 8 «. Specimens in spirit of P. allmani from Bhim Ta.l
. (lake), W. Himalayas. Xig. 3 represents a mature
polyparium; fig. 3 ¢ a young polyparium to which the
valves of the statoblast (x ) whence it had arisen are

still attached.

Fig. 4. Part of a zoarium of the coralloides phase of P. rruticosa
(from Caleutta) preserved in spirit, as seen on the
surface of the sponge in which it is embedded ( x 3).

Fig. 5. Part of the margin of a living polypariam of P, punctata
from Caleutta ( x 8) with the polypides fully expanded







PLATE V.

SERCIMENS OF Plumatella, Stolella, AND Pectinatella. o

Fig, 1. Part of a zoavium of the coralloides phnse of P, fruticosa
(x10) from Calcutta. The specimen, which was pre-
served in spirit, had been removed from a sponge of
Spongilla cartert. i

Fig. 2, Terminal branch of a polyparinm of P. punctata from
Calcutta (x 80). The specimen was preserved in

formalin; stained with hamatoxylin, and finally mounted

in canada balsam.

Fig. 3. Part of an adult polyparium of 8. indica from the United
Provinces (x 80). The specimen was preserved in
formalin, stained with hasmalum, and finally mounted in
_canada balsam. © The lower zoceciam contdins a mature
“free statoblast, the upper one a fixed one.

Fig. 4. The growing point of a young polyparium of the same
species from Caleutta (x80), to show the method of
formation of the stolon that connects the different
groups of zocecia. The specimen had been treated in
the same way as that represented in fig, 3.

Figs. 5, 5a. Zoaria from a compound colony of P, burmanica from
the Sur Lake, Orissa ( x 2) The specimens, which were
preserved in formalin, are represented as seen from th¢
adherent surface of the colony.
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