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INTRODUC ION 

The shoal waters about the Hawaii n Islands are well-stocked ith 
non-co mercial sponges, few of whic have been determined ta on
omicall . One of the common forms, however, found clinging to the 
under s rface of stones close to shore, has been recognized as Do tia 
deformi (Thiele) by de Laubenfels (5) 1 from preserved mat rial 
which I sent to him. The species was described by Thiele (8) m der 
the gen s T ethya. This name is ret ined by some authors, th ugh 
appare ly there is uncertainty as to i s preoccupation. In the fol ow
ing disc ssion, I have accepted the ge eric term Donatia as prop sed 
by N ar o in 1833 and adopted by Den y ( 3), Burton ( 1), Wilson 9), 
and oth rs. 

Livi g examples of D. deforniis m y be recognized by the typi ally 
hemispl erical form ranging up to ab ut one inch in diameter, ale 
yellow n color sometimes almost w ite, anchored to a suppor by 
rootlike extensions of the lower bord r. The exposed surface of the 
sponge, during what may be called a esting or inactive state, se ms, 
on casu 1 observation, to be quite smo th. But, on clo,se examina ion, 
it is co ered by minute rounded or onical elevations. Between the 
elevatio s are the inhalent pores whic lead into a complicated sy tem 
of wate canals. Although a single os ulum seems to be typical o the 
species, I have observed two in some pecimens (fig. 1, a). 

A r dial section of the living sp nge presents a thick med Ila, 
greenis yellow in color, and a relativ ly thin, whitish, fibrous co tex. 
The sk letal system consists chiefly o radiating bundles of elong ted 

1 Nu ers in parentheses refer to Literature C tcd, page 282. 
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IGURE 1.-Resting and active p ases: Et, resting phase; b, c, activ phases. 
sho ing development of gemmules and filaments (slightly enlarged) 
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spicule with their sharp points direct d outward. Additional sili eous 
elemen s include microscopic spherast rs and chiasters. 

Re resentatives of the genus Do a.tia, or Tethya, range w dely 
about hores washed by the Atlanf c, Pacific, and Indian Oc ans. 
Localit records of D. deformis in lude Japan, Christmas I land 
(India Ocean), Australia, Tasman·a, New Zealand, and Ha aii. 
Collect ons in Bishop Museum from merican Samoa and Was ing
ton Isl nd include sponges which robably belong to this sp cies. 
There s also reason to believe that ore than one species of Do atia 
inhabit the shoal waters of the Hawa ian Islands. 

Th typical slender spicules of t is species are monaxons o the 
stylus orm, rounded at one end, a ately pointed at the other the 
diamet r of the middle portion being slightly greater than that a the 
blunt xtremity ( fig. 2, b). The m naxons are arranged in ense 
bundle radiating from the skeletal n deus, the bundles increasi g in 
thickn ss as the cortex is approache . They extend into the c rtex 
almost completely filling the conical levations of the surface ( g. 2, 
a). 0 the formation of buds, filam nts, hold-fasts, and other roc
esses, t e monaxon spicules enter int and become a part of thes sur
face e tensions. The average lengt of a monaxon spicule i this 
species is about 1.5 mm. 

Th rapidity of movement of spi ules noted in the formati n of 
buds a d filaments is remarkable. shifting in position of 10 o 15 
mm. i as many hours is not unus al. Dendy ( 4) states that cells 
servin as amoebocytes may envelop picules and transport them rom 
place t place. 

2. MICROS LERitS 

As erlike spicules, arranged in de se masses or scattered thr ugh
out th tissue, are also typical of the species. The larger of thes are 
sphera ters. A central, spherical b dy supports numerous br adly 
conical rays, the height of a ray bein less than one-half the dia 
of the entral body ( fig. 2, c). I fin spherasters especially abu 
in the deeper portions of the cortex ~assed around bundles of on
axons icules. I have not observed t em, however, in any of the 
esses e tending from the surface of t e sponge. The presence of 
eleme ' s in sponges produced from emmules 'seems to be a res 
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thei development subsequent t the gemmule stage. Maas be
lieve that the spherasters in Te hya originated from a union quad
rira iate spicules. Keller, how ver, as recorded in the Cai bridge 
Nat ral History (2) showed th tin Chondrilla spherasters ha e their 
orig' in spheres, the conical po nts being developed later. Sol as (7) 
coul not find spherasters in th gemmule of T ethya ingalli, a though 
sphe es or globules were prese t. In Donatia deforinis sph rasters 
aver ge about 0.05 mm. in dia eter. 

C 

a 

b d 

IGURE 2.-Skeletal elements a d bud formation: a, bundles of onaxon 
spic les radiating from the skeleta nucleus (sn) and pushing into th conical 
elev tions of the surface; b, a mon xon spicule ; c, a spheraster; d, a hiaster; 
e, ea ly stage of a bud developing from the surface; f, e 24 hours 1 ter, still 
in co tact with the sponge. ( b-d gr tly enlarged.) 



dmondson-Reproduction in onatia deformis (Thiele) 275 

0th r and smaller asters, corre ponding to chiasters, are also 
abunda t in this sponge. They vary in size, the larger ones ing 
about o e-fourth that of fully develop d spherasters. The rays o the 
chiaste s are variable in number an equal or exceed in lengt the 
diamet of the central body. The du bed ends of the rays are sm oth 
( fig. 2, ) . Chiasters are distributed t rough both medulla and c tex 
of the s onge but are more plentiful i the latter portion. Unlik the 
spheras ers they are carried out in lar e numbers into gemmules, fila
ments nd other processes developed rom the surface of the spo ge. 

PROPAGA 

It h s long been known that me hers of the genus Donati or 
Tethya propagate by a rather distinct ve asexual method. Maas (6) 
discuss d the formation of buds in T thya and pointed out that hey 
represe t typical gemmules arising fro groups of archaeocytes i the 
cortex. According to him, the buds ove outward along bundl of 
spicules and are released from the s rface eventually forming 
sponges 

Att tion has been centered upon . deformis in Hawaiian w ters 
because of its widespread occurrence bout the islands, because o its 
unusual fertility in the Honolulu Aq arium where myriads of s ed
mens ac umulate on the yValls of the t nks, and because of its rem rk
able be avior as observed under contr lled conditions. It has see ed 
worth hile to record some observat ons on the propagation of the 
species. 

like buds, or gemmules, the t pica! reproductive bodies o 
species, re frequently developed from the surface of the sponge u der 
natural onditions and, perhaps to an ven greater extent, under uh
normal onditions of the laboratory ( fi . 1, b, c). The buds are pu hed 
from th tips of the conical elevation of the surface and consis of 
loose b ndles of monaxon spicules su rounded by masses of arch eo
cytes, s ttered among which are man chiasters. In its early deve op
ment th thick stalk of the bud expa s at the end into an irreg lar 
body fr m which acutely pointed pro esses soon make their app ar
ance ( fi . 2, e). Within 24 hours t e stalk becomes elongated nd 
very sle 1der while rays of variable le gth have been developed ~ 9m 

the cent al nucleus of the gemmule ( g. 2, f). The rays which . on
sist of upporting spicules surrounde by archaeocytes may nu ber 
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a few to more than a doz and, in length, range up to 
the diameter of the body f the gemmule. 

n the laboratory, where t e water is comparatively q iet, the 
gem ules are released from the parent sponge within one or t o days 
of t eir first appearance. Un er favorable conditions they ay be 
tra formed into young spong s. The changes. undergone i single 
ge ules have frequently bee followed through periods of several 
day . During this time the ra s are retracted and a spheroi al form 
is a sumed (fig. 3) . The chang s depicted should be considere repre
sen tive only, as no two ge mules assume identical forms during 
thei transformation. 

b 
FIGURE: 3.-Transformation of a gemmule into a young sponge: , a gem

mul after being released from the sponge; b, a after three days; c, b two days 
late ; d, c after two more days. 

hen produced and releas din large numbers the gemm les may 
co e in contact with each othe , the result being an aggregati n which 
is pidly converted into a fun tional sponge. Although a sin le gem
mu e may produce a young sp nge, the clumping process ha tens the 
for ation. Approximately 50 free gemmules were spread ut in a 
pet ie dish of water and photog aphed ( fig. 4, a). The group e1nained 
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FI URE 4.-Clumping of gemmules in forming a young sponge : a, a group 
of gem ules after being released from a sponge; b, a photographed afte three 
days; , b eight days later. 
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un<l the camera without agitati n of the water and was photo raphed 
two days later ( fig. 4, b . After eight days more, th entire 

num er had become aggregated nto a single unit-potentially young 
spon e ( fig. 4, c). The flexibil'ty of the rays of the gemmule , their 
capa ity of e;x:tension, retraction and cohesion doubtless are fa tors in 
brin ing the free buds together. 

a sponge rapidly producing gemm !es. 

I the ocean, movements of t e water wash the gemmules a ay as 
they re set free, some chancing to fall in favorable situations, others 
settli g under conditions which revent their development. T e spe
cies s plentiful in certain locali ies about the Hawaiian Islan s and 
it is emarkably successful in ti e Honolulu Aquarium. Here under 
semi atural conditions the caner te walls of the tanks are at ti s well 
cove ed by young and old indiv duals. The currents of water in the 
tanks are sufficiently mild that any of the freed gemmules 
carri d far away but make conta t close to the parent sponge, 
popu ation resulting. 

pid production of gemmu es is occasionally brought ab ut by 
unfa orable conditions. If the se water in the laboratory surro nding 
the s onge becomes somewhat' ' tagnant, portions of the tiss may 
disin egrate into masses of ge mules which quickly beco free 
(fig. ). 
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2. F1LAM N'.rs 

In ddition to gemmules, filament of considerable length are 
produc d from the conical elevations o the surface of the sponge. hey 
are fie ible, extensile, and retractile nd often fuse with each o her. 
In !en th, they may exceed twice th diameter of the sponge hich 
produc s them. Both gemmules and filaments usually are <level ped 
from t e sponge at the same time, bu one kind of process frequ ntly 
predo inates over the other ( fig. 6). hey arise from the same s urce 
as the emmules and are rormed in th same manner and are com sed 
of the s me elements. Each filament i composed of a core of mon xon 
spicule surrounded by archaeocytes among which are myria s of 
chiaste s. Filaments are simple or hr nched, acutely pointed or 
at the nd ( fig. 7). 

Fmu E 6.-Normal specimen producing any filaments and few gemmul s. 

Alt ough the filamentous process s apparently have potentia ca
pacitie for producing young sponges, if freed from the parent, I ave 
not obs rved their natural separation t any time. They may be om
pletely etracted into the sponge body but under normal conditio s do 
not bee me released as do the gemm les. The artificial severan e of 
filamen s from the sponge, however, ears evidence of their repr uc
tive po sibilities. When cut off and ept under observation for few 
days th y are seen to sharply contract and take on the appearance and 



28o Bernice P. Bishop Museu11-0ccasional Papers XVIII, 

erties of young sponges. I may be assumed that the fila entous 
sses are sometimes releas d through accident; or, in a sponge 

disi tegrating by reason of abn rmal conditions, some might 
rate while retaining their viab lity. 

epeated experiments indic e that a filament serves in the apacity 
of a gemmule and will develop i to a young sponge. Usually out 48 
hou s are required for the transformation to take place ( fig. , a-c). 
Clu ping of severed filaments hen placed in contact .with ea h other 

C 

a 

b 

IGURE 7.-Diagram of the tip nd of a filament with its included lements: 
a, fi ament with core of monaxon . picules surrounded by masses of rchaeo
cyte and chiasters; b, a granular archaeocyte; c, a chiaster, large numbers 
of ich are scattered among the rchaeocytes. (b, c greatly enlarge .) 

has ens the building process by adding bulk to the sponge uni ( fig. 8, 
d-f . Laboratory tests were a so made to determine how c se two 
sev red filaments might be br ught in parallel position an yet be 
tra sformed into separate spo ges. When placed 10 mm. ap rt each 
fila ent developed into a spong unit, and the same occurred hen the 
fila ents were separated by a istance of 5 mm. When the istance 

reduced to 2 mm., howev r, a fusion resulted and a si gle unit 
formed (fig. 8, g-i). 
he asexual method of pro agation in D. deforniis by fila entous 

pro esses, while possible, pro ably seldom occurs in natur and is 
cle ly secondary to that of ge mule formation. 
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Ob ervations are set forth on the transformation of naturall re
leased emmules and severed filament of Donatia deformis into uve
nile sp nges. 

a b 

f 

9 h L, 

Fie RE 8.-Transformation of filame s into young sponges: a, se ered 
filament; b, a after 24 hours; c, b 24 ho rs later; d, an aggregation f 12 
severed laments ; e, d after 24 hours ; f, 24 hours later; g, severed fila ents 
2 mm. a art; h, g after 24 hours; i, h 48 ours later. 
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