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CHARLES WRIGHT (1811-1885) IN CUBA
AS REVEALED BY HIS LETTERS

MORRIS K. JACOBSON

American Museum of Natural History, New York, N.Y. 10024

MONG the best known collectors of Cuban

land shells is the Connecticut-born bot-

anist, Charles Wright. Ludwig Pfeiffer,
who described and named most of the shells
collected by Wright, credited him with dis-
covering some 30 new species besides contribu-
ting much important ecological and distribu-
tional data. In addition, Rafael Arango fre-
quently cites Wright as the source of much of
the data which he published in his superb an-
notated catalog of Cuban shells (1878-1880).

Wright was en avid collector of natural
history objects, especially plants. ‘Princeps
longe collectorum,’ (by far the first among
collectors) iswhat the German botanist A.H.R.
Grisebach called him because of the wealth of
new botanical material he sent from Cuba.
Grisebach was one of several botanists who
were associated with Wright, the most important
of whom was Asa Gray of Harvard. Much of the
data included in this report waw derived from
the large number of letters written by Wright
to Gray which are preserved in the library of
the Harvard Herbarium in Cambridge, Massachu-
setts.

Charles Wright was born on October 29,
1811, the second son in a femily which was to
consist, besides himself, of hisolder brother
John and two younger sisters, Mary Ann and A-
bigail. Their father was a carpenter and far-
mer but their mother,Mary Goodrich, came from
an early Connecticut family in comfortable
circumstances and with some members notable
in politics and the arts. In 1831 he was ma-
triculated in Yale from which he was graduated
in 1835 as a land surveyor. For a time he
thought of pursuing & medical career, but he
was unable to continue for lack of means. It
was as an undergraduate inYale that he dewel-
oped a strong taste for botany, though appar-
ently without benefit of formal instruction in
that field. Botany as such was not taught at

Yale in the 1830°s. After ¢ brief period as
a tutor in N-tchez,luaunppv—htunnu at
every opportunity—he migrated to the mew Re-
public of Texas in 1837, earning his liviag as
a surveyor and private tutor. He rempined in
Texas until 1852,

During the Mexican War he served in »
company of volunteers raised by his friend Dr.
Veitch, but there isnothing to show that this
group saw any action. He later obtained leave
to join a small company of troops which tra-
versed the unexplored territory between Sen
Antonio and El Paso. In 1851 he joined the
surveying party under Col. J. D. Grahas, one
of the commissioners who established the boun-
dary lines with Mexico from the Rio Grande to
the Pacific Ocean. His name is included in
the list of those who were ‘attached to the
Survey at various periods and made collections
of natural history objects.' (Meisel, 1929,
3: 99). Wright left the expedition in the
southwest corner of Arizona after it had tra-
versed much unexplored territory. The plents
collected on this trip were among those writ-
ten up in PLANTAE WRIGHTIANAE ’052-1.59) by
Asa Gray of Harvard, who became Wright's werm-
est friend and chief patron., Their correspon-
dence and personal contact begsn in 1844 and
lasted until Wright’s death.

In 1853 Wright was a member of the North
Pacific Exploring Expedition under the command
successively of Capt. Ringold end Commander
John Rogers, which vxa:te: the Cape of Good
Hope, Hong Kong, Borneo, the Loochoo (Ryuku,
Bonin) Islands, Japan, K.-t.chlttn. Kiene or
Arkamtschatschene Island in tlu Bering Straits,
and California.

The expédition, which sailed fromNorfolk
on June 11, 1852, consisted of 5 ships, in-
cluding the sloop ‘'Vimcennes’ on which,in ad-
dition to Wright, the zoologist William Stimp-



son and the botanist F.H. Storer were aboard.
It was while Stimpson was studying the in-
vertebrates, including 2359 mollusks, col-
lected on this expedition that the disastrous
fire of 1871 destroyed the museum in Chicago
and all the work Stimpson had done. He never
recovered from the blow and died soon after.
Parenthetically it might .be noticed that on
November 5, 1865 Wright is credited with con-
tributing to the Museum of Comparative Zoology
at Harvard 955 specimens of shells from Hong
Kong, China. These may well be part of the
material collected on the expedition. Wright
left the expedition when it reached San Fran-
cisco, California. He returned, via San Juan
del Sur and Greytown, Nicaragua, to Cambridge,
Massachusetts where, together with Gray, he
worked on the plants he had collected.

In the autumn of 1856 he made his first
trip to Cuba visiting the area around Santia-
> go,,nnd other regions.in the Province of Ori-
wente. . He‘qc;xed until the autumn of 1857 as
.a guest .at the ranch of Federico Lescaille in
Montqverde.‘On this trip, Wright collected in
thq -El .Cobre Mountains, Loma del Gato, Mina-
" mina, Saltadero and other areas to the west
and north, as well as in the surroundings of
Monteverde. Duringhis excursions tothe north-
.ern coast he stopped at various hatos or cat-
s.tle ranches. sty

He.returnedrbriefly to the United States
.in 1857, .but returned to Cuba at the end of
1858 Appntently he was no better a sailor
than .Charles Darwin on the Beagle, for he writes
off St.. Lago . (Snntxago)

The babg s portion of food I ate would
not stay eaten.’ Between 1858 and 1861 he ex-
. plored the vast region of the Sierra Maestra,
as well as such areas .as Monte Libano, Pico
del Toro, Bnyamo, the shores of the Rjo CIUCO,
. Cuba’'s largest. river, Punta de Maisi which is
the extreme eastern .tip of the island, Bara-
coa, and:Mayari.. Pfeiffer (1862:1) wrote that
on these excursions Wright sent him many shells
from areas previously visited by Gundlach, but
‘he also wemt to places where G/undlach/ had
not been, nanely the. region between Santiago

Mayari’ (translated).

In the winter of 1861-62 accompanied by
Gundlach, he traveled as far west as Camagiiey
Province  and, Sancti Spiritus in Las Villas
Province where he paid a visit to the large
swamp, the Cienaga de Zapata.

* RS 3
Wright made his first trip to the Vuelto
Ab&JO in Pinar del Rio Province in Western
Cuba in the early summer of 1862. ' He stayed,
among other places, at Balastena (Valastena)
at the southern foot of the mountains near Ba-
hia Honda, at theranch of Don Jose Blain, the
son-in-law of the .botanist. Francisco Adolfo
Sauvalle, who..was to .imcorporate many of
Wright's observations in his FLORA CUBANA

(November 25, 1856},
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(1873). Blain was an enthusiastic botanist

and naturalist in his own right. In his es-
tates, here and at E1 Retiro, he was the open-
hearted host to many naturalists such as Mo-
relet—who received many of the Cuban land
mollusks which he later described in TESTACEA
NOVISSIMA INSULAE CUBANAE (1849, 1851) from
Blain—as well as Arango, Poey, Gundlach and
many other botanists and entomologists. Wright
visited the entire area of the Sierra de los
Organos and even journeyed as far as the bar-
ren western tip of Cuba to Cabo San Antonio.

After a brief visit to Cambridge in 1864
he returned to Cuba and between 1865 and 1867,
his last years in Cuba,he traveled by steamer
from the Vuelto Abajo inPinar del Rio to Tri-
nidad in Las Villas Province in central Cuba,
and then to the east at Guanténamo and Santi-
ago de Cuba. Here he found that his former
host and good friend Lescaille had died.

In Cuba he early came in contact with
Dr. Felipe Poey y Aloy the dean of Cuban na-
turalists and one of the most versatile and
talented personalities of the New World who
deserves to be much better known in our own
country (Jacobson, 1972). He also met and be-
came quite intimate with Juan (Johann) Gund-
lach, the gentle Cubanized German naturalist
whom he adored. ‘I shall consult with my
friend Gundlach /about obtaining a new pack-
horse/, for a better man don’t live on 'top
o' ground,’’ he wrote. ‘He reminds me of the
moral  character, conscientiousness etc. of
Cooper’s ‘Pat hfinder.”’’ On Jan. 1, 1862, he
writes: ‘Gundlach knows all the good places
about there and his name is a passport to go
anywhere. He is a most zealous zoologist so
exclusively given to science that he never
looks at a newspaper. I have brought and sent
him at times new shells and that even if he
had any self;shness, which he has not, would
have put my name in his books. I flrst made
his acquaintance inYateras /Oriente/.’ Wright
also set in motion aproject to obtain contri-
butions from each of the people who had re-
ceived presents of natural history objects
from Gundlach, themoney destined for the pur-
chase of a science library to be presented to
Gundlach as a ‘token of respect for his char-
acter as a man and for his industry in the
cause of science.’ Wright headed the subscrip-
tion list with adonation of §50, a rather large
sum for the day and for the usually financially
straitened man from Wethersfield.

Finances seemed always to have been a
problem for Wright during his stays in Cuba.
Most of his collecting trips were financed,
even if only partially, by Asa Gray. In his
last letter to Gray, August 3,  1885-=Wright
died on August ll—he wrote: '.... it was al-
ways understood that the Herbarium Gray was
to have as full a set as possible of every-
thing of my gatherings, and even thus I can
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never repay themany services youhave rendered
me.’ Most of those services, as appears in
frequent references in his letters, were fin-
ancial. But Wright also tried to raise funds
through the sale of duplicate sets of plants
to other institutions aswell as other natural
history objects, such as birds, mammals, spi-
ders, insects, shells etc. During the Civil
War it was hard to transfer funds to Cuba and
this added another source of worry. On Octo-
ber 13, 1862 he wrote that he had to take a
40 percent discount on U. S. dollars. It is
likely that some of his money came from the
family, for his older brother, John, farmed
several plots of ground in Wethersfield. In
1899, eleven years after the death of John,
the surviving sisters, Abigail and Mary Ann,
were able to donate seven pieces of land in
Wethersfield and neighboring Hartford to the
Children’s Aid Society, indicating that the
family was never really destitute. None of
the four Wright siblings ever married.

Years ago, when Iwas collecting in Cuba,
my Cuban companions told me that Carlos Wright
was a crazy old man with a wild white beard
who travelled on foot all over Cuba with a
pack onhis back, collecting plants and shells,
a sort of naturalist tramp. Henderson (1916:
36) writes that Wright had a ‘long patriarchal
beard’ and that he was ‘taciturn and unso-
cial,’ and that ‘without speaking a word of
Spanish, he traversed the length of the island
afoot leading a little donkey upon which he
packed his precious collections.’ Neither of
these descriptions jibe with theman who wrote
the warm, friendly letters to Asa Gray and
other correspondents. Wright was always warmly
received in themany hatos or ranches where he
stayed, among which were such well known places
as Monte Verde, Balastena, Filantropia, Reti-
ro, Santa Catalina de Guasa and others. While
at rest in these usually well-kept ranch hou-
ses he wrote most of his letters to Asa Gray.
To these ranches he brought letters of intro-
duction from his friend Gundlach. Of course,
like all collectors, he had to rough it in
the field, ‘for weeks at a time /sleeping/ in
caves /eating/ wild honey, and /living/ like
an)aborigine (sic)’ to quote Henderson (1916:
any.

Once in the field, he stayed where he
could most profitably collect. In a letter
from the Vuelto Abajo (Dec. 10, 1862), he
wrote that he preferred to rough it in a tum-
bledown ingenio (sugar mill) where the plants
and shells were, rather then stay in more com-
fortable quarters in a pueblo or town nearby.
Nevertheless he looked to his comfort where-
ever possible and usually had two horses with
him, one to mount and one to pack. His com-
mand of Spanish may not have been very great,

1 ¢f. letter from Concordia, May 25, 1863:
‘My packhorse is dead and all my plans upset.
I can do little with one horse and have no
means to buy another,even if I had the incli-
nation.’ .

but his letters show that he was not complete-

ly helpless in it. He probably knew enough
to make his way among the peasantry. Besides,
on some of his trips, he had the completely
Cubanized Juan Gundlach with him as his com-
panion.

His letters to Asa Gray written in a
beautiful, strong, spencerian hand on thin
blue or white letter paper, are full of accu-
rate and detailed botanical observations which
will in time, I have been informed, appear in
a special botanical publication now underpre-
paration.

Wright reveals himself to be a generous,
indefatigable, humorous, extremely literate
and eloquent personality who was, however, not
without his peppery and explosive side. He is
particularly irked by the inefficient and cor-
rupt Spanish authorities who were slowand un-
dependable in issuing the numerous ‘licencias’
needed fortollecting, traveling, shipping his
plants to America, and even the right to live
in Cuba (permiso de domicilio). The lacka-
daisicalness and greed of the U. S. Consul in
Santiago de Cuba brings forth a particularly
bitter outburst (Jan. 10, 1860). ‘Our purse-
gathering gutter consul ain’t worth a pinch
of —meem ! (Wright's dash). He can’t tall
English much less Spanish. Nobody but the o!
bragging self-conceited Capt. Cochrane '!’
Bah!!! He is a disgrace to our government!' '’
He engaged in a long and lively duel with Asa
Gray about the merits of the Civil War, to
which he was bitterly opposed. On October 25,
1862, soon after a return to Cuba from the
States, he writes: ‘I don't care to take any
part in the Kilkenny-cat scuffle. I hoped to
see the Union restored. That hope has grown
fainter every day till there is hardly a sha-
dow left.’ Four days later he writes: ‘It is
a well known fact that children often undo
things their fathers did, put down what their
fathers built up .... I don’t mean to say that
I approve the course of South Carolina. But
I do say the war will not reestablish the Un-
ion. Hence it is useless, worse than useless
--wicked!’ On June 15, 1863 he chides Gray
who apparently had become more bitterly anti-
Rebel and pro-Union. ‘At the beginning you
were going to ‘restore the Union’ quicker than
a cat could lick her ear. Now that you can’t
do this, it is ‘wallop the rebels,’ ‘work them
to utter desolation,’ ‘give em Hell and pay
it down’.' When Gray unwisely wrote that when
Wright returned he should ‘be a good and pea-
ceable citizen (subject) of A. Lincoln’s do-
minions,’ Wright’s letter sizzles with indig-
nation. He had left a republic and now it was
converted to a tyrant’s dominions. ‘Here /in
Cuba/ I am free /even/ in a military despot-
ism, and here I mean to stay until times be-
come better at home.’ On July 15, 1863 he ac-
cused Lincoln of trying to win the election
by tricky means. ‘Republican soldiers were
sent home to vote while Democrats were retain-
ed to keep their posts and be killed off.’
But after Gettysburg and the fall of New Or-



leans he writes, somewhat chastened, that he
was glad the war was coming to an end.

Other things also infuriated him. His
friend Gundlach had sent a new sphingid moth,
apparently a paratypic specimen, to the German
entomologist Grote, and thought theinsect.could
not have reached Grote before late in December
1866, Grote dated his description November
27, 1866 towin priority over Gundlach’s work.
‘Don’t,’ added Wright in his letter to Gray,
‘let him have any more of my insects.’

Nor was he much pleased with Grisebach’s
monumental works on his collections: PLANTAE
WRIGHTIANAE E CUBA ORIENTALI (1866) and CATA-
LOGUS PLANTARUM INSULA CUBA MISSAS (1866). He
found in them ‘many errors, more defects and
a good many superfluities.’ He noted that a
revision would  require immense labor. This
revision, together with thedescription of many
new species, appeared in Sauvelle’s FLORA CU-
BANA (Havana, 1873). When Grisebach failed to
acknowledge his shipments and letters promptly,
Wright stated that he feels ‘growly’ about it
(March 25, 1866).

Even Gray is not entirely free from the
barbed bolts of Wright's fury. ‘Pray,’ he
wrote on November 8, 1859, ‘don’t fill up your
letters &waste valuable time in giving me ad-
vice as to what is best for me to do. If you
were here & knew as much as I do about the
weather, the roads, the state of vegetation
etc. etc. I won’t receive, very thankfully,
any counsel you might offer.’ And on July 14,
1860: ‘Next time you are going to send me any-
thing presently pray don’t tell me about it.
More than six or eight months before /you/
despatch it!’ In a letter of August 15, 1863,
he objected to the ‘sneering’ tone Gray takes
toward Gundlach. ‘Now just open your head wide
enough,’ he wrote, ‘to admit the supposition
that a Cuban is capable of doing a liberal or
generous act while apparently engaged in a
business transaction of all difficulty.’

There is no doubt that a good deal of
this impatience was due to the frustrations
Wright had to suffer—books, money, a micros-
cope, even drying paper did not arrive on
time; collecting conditions were difficult —
‘Up hill & down mud! mud! mud! slip, slide,
horses and men, yards at a time, dirty and
wet & but few novelties.’' Occasionally he was
made irascible by ill health: at various times
he suffered from fever, dysentery, piles, and
wrenched limbs, besides once almost blinding
himself with an acrid plant juice. Living con-
ditions were also often provoking: he had to
eat with his fingers, sleep with dogs and other
animals, and suffer attack from fleas. Yet at
times he can rise above the latter with some
humor. ‘The most exquisite pleasure I have
nowadays is killing ?leas-—when I can catch
them. Oh ain’t it the height of felicity to
have in possession the lifeless carcass of

STERKI ANA NO. 53, MARCH 197%

Time was when I didn’t care for
a flea-bite. But that time isn't now & those
fleas weren’t Monte Verde fleas. I have been
pretty well acquainted with the critters now
for more than 20 years and till now I have al-
ways been content to give them breakfast din-
ner and supper if they would take it quietly
and not gallop all over the most sensitive
parts of my corporosity. The fact is these
fleas are no locomotives. They are no tour-
ists. They don't go prospecting. Whenever

your enemy.

"they alight at it they go & it's gouge, gouge

gouge till they are forcibly geched (?) from
their posture, when they take incontinently
to another & gouge gouge away. And such ven-

omous scamps. Every puncture raises a great
knot such as I never get from any other in-

sect.’ (February 5, 1859). On January 21,

1867 he wrote that he had had a severe faint-

ing spell. ‘What if such an attack should
come on me when scrambling on one of the
cliffs? I must quit thiswork!’ (his emphasis)
He left Cuba for the last time soon after May
1867. The next year, while living in Wethers-

field, he wrote to Gray ‘I want to go to Cuba
and I want to stay here. Ambition says go;

prudence says stay.’ Prudence won out.

Nevertheless in 1871 he was again a mem-
ber of an exploratory expedition to Santo Do-
mingo to investigate the possibility and ad-
visability of annexing the island to the Uni-
ted States. (This was the epoch of unashamed
and blatant ‘Yankee imperialism’). But the
winter season was unfavorable and the trip
hurried and unsatisfactory. He returned, af-
ter a brief stay, with a smaller collection
than usual. After a severe illness in 1875,
he spent some time in Cambridge working as
librarian at the Bussey Institution of Harvard
with Professor Storer, his associate on the
Pacific cruise of 1853. After 1876 he spent
the remainder of his life in his old home in
Wethersfield. He died of ‘hypertrophy of the
heart’ on August 11, 1885, three years before
the death of his older brother John.

Asa Gray (1886:17) left a short descrip-
tion of Wright. ‘Mr. Wright was in person of
low stature and well-knit frame, hardy rather
than strong, scrupulously temperate, but direct
and downright in expression, most amiable,
trusty and religious. He accomplished a great
amount of useful and excellent work for botany
in the pure and simple love of it; and his
memory is held in honorable and grateful re-
membrance by his surviving associates.’

In connection with the naming of Carlo-
wrightie, an acanthaceous genus of the south-
west, Gray wrote: ‘Surely no botanist ever
better earned such scientific remembrance by
entire devotion, acute observation, severe ex-
ertion and perseverance under hardship and
privation.’” Though Wright wrote nothing on
the Cuban molluscan fauna,Cuban malacologists
honor his memory as one of theirs, and the
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pomatiasid genus Wrightudora Torre & Bartsch,
1941 was established in his name. In addition
his name was attached to many species.

His portraits show a man with a strong
squarish face,a fine brow, firm nose and lips,
and determined chin, covered in later years by
a rather scraggly gray beard. His appearance
was adversely affected by a strong internal
strabismus in his right eye, clearly shown in
his later portrait (frontispiece).

Wright was more a collector than a stud-
ent or writer. In his chosen field of botany
he published only two works in his lifetime,
the revision of Grisebach’s CATALOGUS mentioned
above and a note on Jassioea in volume 10 of
the Journal of the Linnaean Society. Hence it
must be clear that the descriptions of new mol-
luscan species credited to him were in all
likelihood not his work. Pfeiffer ascribed
about 30 species to him but it is apparent
that at most Wright suggested the name alone,
and the description must be credited to Pfeif-
fer. Thus for the species Choanopoma hystrix
Wright, 1862 (Mal. Blatt. 8: 221) Pfeiffer
wrote: ‘Diese herrlich Art wurde von dem Ame-
rikanischen Botaniker Herrn Wright, entdeckt
und benannt,’ (my emphasis). In at least two
cases (see belqw{ all that Pfeiffer received
from Wright was the manuscript names; he did
not get to see the shells and hence, published
two nude names. A list of the taxa in ques-
. tion is appended below.

Though strictly speaking Wright was no
specialist in shells, he showed considerable
interest and astuteness in them. As we have
seen, it is quite likely that he collected
shells on the North Pacific Exploring Expedi-
tion. There are several references to shell
collecting in his letters. On April 17, 1860
he wrote from Monte Verde inOriente Province:
‘Lately I have been dipping into zoology—sav-
ing some birds for Bain and picking up now and
then some shells.’ On June 16 of the same
year he wrote that he had wrenched his knee
but ‘I have been more or less all the inter-
vening time collecting shells, insects, etc.’
On September 2, ‘I was mainly after shells and
eminently successful,’ and on the 9th ‘while
I remain here /near Holguin, Oriente/ I'll be

likely to discover something new or desirable

in zoology (conchology) if not in botany.’

Gundlach egged him on. From San José in west-
ern Cuba (September 28, 1862): ‘being with

Gundlach I devoted considerable time to the
collection of shells.’” We have seen that he
gave many .shells to Gundlach.

Conde (1958: 287) wrote of Wright that
‘he was the first North American naturalist to

2 Even in botany he writes (May 3, 1859) that
he was giving names only to new plants. ‘So
I have just put down what I thought would be
a good name without any description.’

explore a tropical country extensively.’ Ma-
lacologists can be grateful to Wright for hav-
ing aided vigorously in the discovery of the
superbly rich Cuban land molluscan fauna. To-
gether with Poey, Gundlach, Arango, and Blain,
de la Torre, Bartsch, and a few others—his
name—even if only as a collector—is bound
forever to the exciting days when this rich
field of natural history was first coming to
the attention of the scientific world.

I am indebted to the library staff of the
Gray Herbarium of Harvard University in Cam-
bridge, Massachusetts, and of the Academy of
Natural Sciences of Philadelphia for their
kindness in permitting me to read the Wright
correspondence in their files. The library of
Wethersfield, Connecticut aided me in several
important ways inmy investigation of the his-
tory of the Wright family. Mr. John Collins,
the principal of the Charles Wright School in
Wethersfield, kindly permitted me to photo-
graph the pictures of Wright hanging in the
school. Dr. William K. Emerson of the American
Museum of Natural History was kind enough to
read and check the manuscript.

MOLLUSCAN TAXA USUALLY CRED!TED TO
CHARLES WRIGHT

NOTE: The last nomen of each taxon is al-
so provided. Abbreviations: MB, Malakozoolo-
gische Blatter; MPV, Monographia Pneumonopo-
morum Viventium.

alboviridis Wright 1864, Helicina. MB 11:108.
Semitrochatella alboviridis (Pfeiffer)

angustior Wright 1864, Cylindrella. MB 11:
130. Gongylostoma (Gongylostoma) angustior
(Pfeiffer)

arcustriata Wright 1864, Cylindrella. MB 11:
3. Gongylostoma (Scopulospica) arcustriata
(Pfeiffer)

cirratum Wright 1867, Cyclostoma. MB 14: 210.
Hendersonia (Scobinopoma) cirrata (Pfeif-
fer)

clara Wright 1865, Cylindrella. MB 12+ 119:
Gongylostoma (Liocallonic) clara (Pfeiffer)

cristallina Wright 1865, Cylindrella. MB 12:
120. Hendersonina (Hendersonida) discolo-
rans (Pfeiffer)

echinulatum Wright 1863, Chondropoma. MB 10:
184. Turrithyra (Turrithyretes) echinulata
(Pfeiffer)

echinus Wright 1864, Cyclostoma (Choanopoma).
MB 11:102. Blaesospira echinus (Pfeiffer)



erythraea Wright 1866, Helicina. Thes. Conch.
3: 284, pl. 278, figs. 461-463. Troschel-
viana (Troschelviana) erythraea (Sowerby)

fusiformis Wright 1864, Cylindrella. MB 11:
12. Gongylostoma (Gongylostoma) fusiformis
(Pfeiffer)

garciana Wright 1865, Cylindrella. /in/ Poey,
F., Reportorio fisico-natural isla de Cuba,
Habana, 1: 220. Gongylostoma (Gongylosto-
ma) garciana (Presas)

hernandezi Wright 1876, Helicina. MPV supp.
3:287. Synonym of Troschelviana (Troschel-
viana) chrysochasma (Poey). Note: This ta-
xon appeared as Eutrochatella (Ustronia)
chrysochasma hernandezi ‘Wright,’ Wagner
/in/ Martini & Chemnitz, Conchylien-Cabinet
€2)0 1 seet . 0B, ke 20 e, A8 E ol 135,
figs. 3-4). It is surprising that Wagner
took this to be hernandezi Wright, since
Pfeiffer had not described it. Pfeiffer
merely listed it as oneof the ‘Species qua-
rum descriptiones non vidi.’' It is also
worthy of note that Wagner gave no biblio-
graphical reference for the nomen.

hystrix Wright, 1862, Choanopoma. MB 8: 221.

Xenopoma hystrix (Pfeiffer)

illamellata Wright 1864, Cylindrella. MB 11:
130. Conchlodinella illamellata (Pfeif-

fer)

incrassatum Wright 1863, Chondropoma. MB 10:
1863. Chondrothyretes incrassata (Pfeif-
fer)

infradenticulatus Wright 1864, Macroceramus.
MB 11: 127. Microceramus infradenticulatus
(Pfeiffer)

macra Wright 1867, Cylindrella. MB 14: 210.
Gongylostoma (Badiofaux) macra (Pfeiffer)

maculatus Wright 1865, Macroceramus. MB 12:
119. Microceramus maculatus (Pfeiffer)

mixta Wright, 1865, Cylindrella. MB 12: 120.
Conchlodinella mixta (Pfeiffer)
montana Wright 1864, Helicina. MB 11: 160.

Synonym of Alcadia (Penisoltia) minima

(d’Orbigny)

percrassa Wright 1864, Lincia? MB 11: 157.
Chondrothyra (Hendersonoma) percrassa
(Pfeiffer)

plumbea Wright 1864, Cylindrella. MB 11: 129.
Gongylostoma (Badiofaux) plumbea (Pfeiffer)

pterostomum Wright 1865, Cyclostoma. MPV supp.
2, p. 106 (nomen nudum). NOTE: Pfeiffer
refers to Cyclostoma pterostomum Gundlach
1858 /in/ Poey, Memorias historia natural
isla de Cuba 2:405, anomen nudum. Synonym
of Xenopoma hystrix (Pfeiffer)
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pulverulentum Wright 1864, Ctenopoma. MB 11:
103. Eutudorops (Eutudorex) pulverulentunm
(Pfeiffer) )

rubella Wright 1864, Helicina. MB 11: 107.
non J. Green 1833. Synonym of Troschelvi-
ana (Troschelviana) erythraea (Sowerby)

sinuosum Wright 1863, Chondropoma. MB 10:185.
Turrithyra (Turrithyretes) sinuosa (Pfeif-
fer)

striatella Wright 1864, Cylindrella. MB 11:
2. Gongylostoma (Pycnoptychia) striatella
(Pfeiffer) .

subtussulcata Wright 1863, Helix. MB 10: 199.

Jeanneretia (Guladentia) subtussulcata
(Pfeiffer)
teneriensis Wright 1865, Cylindrella. MB 12:

121. Gongylostoma (Esochara) teneriensis
(Pfeiffer) '

vignalensis Wright 1863, Chondropéu.. MB 10:
189. Chondropometes (Chondropometes) vi-
gnalensis (Pfeiffer)

vignalensis Wright 1864, Cylindrella. MB 1l1:
3. Gongylostoma (Badiafaux) wvignalensis
(Pfeiffer)

violacea Wright 1864, Cylindrella. MB 11:128.
Gongylostoma (Badiofaux) violacea (Pfeif-
fer)
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CULTIVATION OF BULINUS (PHYSOPSIS) GLOBOSUS (MORELET)
AND BIOMPHALARIA PFEIFFERI PFEIFFERI (KRAUSS),
SNAIL HOSTS OF SCHISTOSOMIASIS

YUNG-SAN LIANG

ABSTRACT

Since laboratory cultivation of Bulinus
globosus and Biomphalaria pfeifferi snails has
been difficult, this study was designed to de-
velop simpler, more efficient, more dependable
and more readily reproducible culture methods;
it also provides abetter understanding of the
ecological requirements necessary for raising
these snails.

Information is provided on the optimum
number of Bulinus globosus and Biomphalaria
pfeifferi that can be accommodated in one
tray. For best survivorship and growth, the
method using 5 snails per tray is recommended,
since the number surviving ishighest and shell
length is greatest. For maximum egg-laying
the use of 10 snails per tray is recommended,
since total number of eggs produced was high-
est.

The effects of different types of waters,
such as distilled (or deionized) water, tap
water and spring water, on snail growth and
fecundity were measured. Growth was not af-
fected by the types of waters used; however,
egg-laying was affected. With Bulinus globo-
sus, the largest number of eggs was laid in
distilled water, followed by tap water, and
the smallest was in spring water. With Biom-
phalaria pfeifferi, the largest number of eggs
was laid in tap water, followed by both de-
ionized and distilled waters, and smallest in
spring water. These snails laid most eggs on
the container wall and bottom when in distil-
led water (or deionized water), the fewest on
those sites in spring water. In tap water the
egg-laying pattern was intermediate. Further
studies with chemical additives indicated that
calcium ions reduced the egg production and
the eggs laid on the container wall and bot-
tom. The tray method was more efficient for
both shell growth and egg production than the
methods used by other investigators.

The effectiveness of various species of
algae and various kinds of mud and mud ex-

tracts on growth of Biomphalaria pfeifferi was

tudied. Locall isglated blue-green algae,
o:toc muscorum yand ?ischerel?a gmbigua 5ere

both found better than the mixture of blue-
green algae which was used exclusively in the
earlier parts of the study. Nostoc muscorum
was used exclusively in later experiments be-
cause it was easily grown. With Nostoc mus-
corum, the trays always supported better snail
growth than Petri dishes did; the addition of
lettuce always enhanced growth. For practical
purposes, Biomphalaria pfeifferi was effici-
ently cultured in Petri dishes with Nostoc
muscorum. The organic substances in the mud
were essential for snmail growth. Mud without
sufficient organic substances or mud extracts
only partially supported snail growth; the
5250 C-heated mud and 5250 C-heated steamed
extract did not support snail growth at all.

In studies concerning the formulation of
a synthetic mud, two formulae were found most
promising. One contained pottery clay, oyster
shell, charcoal and agar; the other, had pot-
tery clay, oyster shell and agar. In both an
artificial water was used formaking the paste
and as an overlay. Pottery clay and oyster
shell were essential to sustain the snails;
the absence of charcoal was not critical. A-
gar helped tosolidify the substance to assist
snails in feeding. Artificial water provided
enough chemicals for algal growth and was still
not harmful to snail growth. The possible for-
mulation of symthetic muds opens promising
fields for further study. ;
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INTRODUCT ION

Information about the successful culture
of medically important snails is difficult to
find, and agreat need exists to ascertain the
conditions necessary to maintain some of the
key species in culture. Successful snail host
rearing methods in laboratory are required in
such basic studies as:snail-host-parasite re-
lationshipg, population dynamics, effects of
molluscicides, snail control methods, among
others. The almost universal use in laborato-
ries of the American schistosome, Schistosoma
mansoni Sambon, is a reflection of the ease
with which its snail host, Biomphalaria gla-
brata (Say), is maintained in the laboratory.
In contrast, the African schistosomes, Schis-
tosoma haematobium (Bilharz) and S. mansoni,
have not been similarly studied in laborato-
ries, a situation mainly due to the fact that
techniques formass cultivation of the African
snail vectors, Bulinus (Physopsis) globosus
(Morelet) andBiomphalaria pfeifferi pfeifferi
(Krauss), have not as yet been developed.

Some of the more important effects of en-
vironment on the growth of snails have been
stressed in several publications. In Fkis stu-
dies of Lymnaea columella Say, Colton (1908)
emphasized the following significant factors:
(1) food, (2) volume of water, (3) tempera-
ture, (4) snail interaction, (5) aeration,
(6) room for crawling, (7) light and (8) chem-
ical composition of the water. Boycott, in
his scholarly paper (1936) on the ecology of
freshwater snails stated that the most import-
ant features in favorable habitats were: (1)
cleanliness of water, (2) absence of disturb-
ance and (3) presence of lime. Deschiens
(1957a) contributed the following information
on some of the physico-chemical factors essen-
tial for conditioning the habitats of the Bi-
omphalaria glabrata snails: water with a tem-
perature of 22 to 26° C, a depth of less than
2 meters and less than 6 gm of NaCl per 1,000
ml of water. His biological factors were di-
vided into two parts: nutrimental (i. e., el-
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ective phytophagy, microphagy and stability
of the metabolic cycle of the nutrient mate-
rial) and competitive (i.e., flora and fauna
of the environment, natural enemies, predatory
animals, and infectious and parasitic diseases).
Malek (1958), who undertook extensive studies
in North Africa, listed food, aquatic weeds,
oxygen, sunlight, current, substratum, water
quality and nuisance factors (parasites and
predators) as conditions governing the suit-
ability of habitats for planorbid snails serv-
ing as intermediate hosts of schistosomiasis.
Claugher (1960), in studying Schistosoma hae-
matobium, listed four essential requirements
for establishing laboratory colonies of Buli-

nus snai'.s: (1) all-glass tanks, (2) condi-
tioned water, (3) clean aquatic plants and
(4) a constant-temperature room. Berrie

(1970), after extensive survey work in East
Africa, listed (1) temperature, (2) snail den-
sity and (3) food as environmental factors im-
portant in studies involving snail population
dynamics. For culturing snails in the labo-
ratory, the several factors listed above should
be takhen into consideration and can be con-
densed further toinclude: temperature, light,
water quality, food, population density, type
of aquariwm, sybstratum, and parasites and
predators.

LITERATURE REVIEW
i. Temperature

Gordon et al. (1934) observed that Biom-
phalaria pfeifferi was very sensitive tohigher
temperature. Although their lowest death rate
was observed in the range of 25 to 33° C, the
optimum temperature for oviposition was be-
tween 26 and 28 C. They also found that the
optimur tenperature for the oviposition of
Bulinus globosus was between 25 and 26° C.
Consequently, the following investigators
raised their snails in temperature ranging be-
tween 20 and 30° C, as follows:

Bulinus africanus africanus (Krauss): 280C
(Wright & Bennett, 1967)

Bulinus (Ph.) globosus (Morelet): 25¢C
(Shiff, 1964a), 28° C (Wright & Bennett,
1967), 23-250 C and 26-30° C (Xavier et
al., 1968).

Bulinus truncatus truncatus (Audouin): 23%
19 C (Cowper, 1946), 25 —-28° C (Standen,
1949), 28 -300 C (Claugher, 1960), 15.5-
25.50 C (Najarian, 1960a, 1960b), 23-250
C and 26-30° C (Xavier et al., 1968).

Biomphalaria alexandrina alexandrina (Ehr-
enberg): 25-280 C (Standen, 1949)

Biomphalaria angulosa (Mandahl-Barth): 20-
259 C {(Sturrock, R. F., 1965).

Biomphalaria glabrata (Say): 23% 1° C (Cow-

per, 1946); 24.4° C (Chernin et al.,
1956); 25-30° C (Lee & Lewert, 1956);
24.4-25.6° C (Chernin, 1957b; Chernin &

Michelson, 1957a, 1957b); 250 C (Michel-
son, 1961); 25-270 C (Hopf & Muller
1962), 21-24 C (Pan, 1963, 1965); 23~
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259 C (Ritchie et al., 1963a), 25% 1°C
(Jobin & Michelson, 1967), 22-280 C (Stur-
rock, B.M. &Sturrock, R.F., 1970); Stur-
rock, R. F. & Sturrock, B.M., 1970); 23-
25° C (Joy, 1971).

Biomphalaria pfeifferi pfeifferi (Krauss):
20-30° C (Frank, 1963); 20-25° C (Stur-
rock, B.M., 1966); 25° C (Harrison, 1968);
25¢t1° C (Harrison et al., 1970); 26° C
(Jennings et al., 1970).

Others interested in such values, as the
‘intrinsic rate of natural increase’ (:=the po-
pulation growth rate per snail under specified
physical conditions, in an unlimited environ-
ment-—space, food, other organisms not exert-
ing a limiting effect) found the optimum tem-
peratures for Bulinus and Biomphalaria to be:

Bulinus globosus: 250 C(Shiff, 1964a; Har-
rison & Shiff, 1966); 25t 0.50 C (Wil-
liams, 1970b).

Biomphalaria pfeifferi: 250 C (Harrison &

Shiff, 1966; Sturrock, R. F., 1966); 20-

252 C (Shiff & Garnett, 1967); 25% 0.5°C

(Williams, 1970b).

In the World Health Organization report
(1957) the optimum temperature for vector
snails was given as between 22 and 26° C. In
the field, Pimentel & White (1959a) observed
that Biomphalaria glabrata was found in water
bodies with a mean temperature of 26.7° C
(range 21 to 379C). Also in the field, Shiff
(1964c) found that up to a limit of 25° C the
egg-laying of Bulinus globosus increased rap-
idly and that maturation was faster with ris-
ing temperature. Similar observation was made
on 3 species of planorbid snails, Helisoma
trivolvis (Say), H. enceps (Menke) andH. cam-
panulatum (Say). They found that these snails
tended to grow larger as the temperature in-
creased within the range of 20 to 30° C; the
maximum egg production, however, occurred at
temperatures between 25 and 260 C; at 30° C
the reproduction of all the planorbids tested
was inhibited. Shiff (1966) also found that
Bulinus globosus was capable of detecting a
temperature difference of 49 C within a habi-
tat, and with a vertical gradient from 16 to
280 C the animals tended to cluster in the
warmer water. Chernin (1967) observed that
regardless of initial placement in a thermal
gradient,well-fed Biomphalaria glabrata tended
to accumulate horizontally with greatest fre-
quency in zones between 27 and 32° C.

Ecologists seem to agree that temperature
is among the most important of the physical
influences in any biotope, especially in fresh
water. From this brief review, it appears
that a temperature of 25% 3° C represents the
optimum temperature for both Bulinus and Bi-
omphalaria snails.

2. Light
In contrast to temperature, the influence

of light on snail behavior has been given too
little attention. Boycott (1936) noted that

snails were absent from densely shaded ponds
and streams, having few or no plants and full
of twigs and leaves. He contended that ade-
quate light encouraged green plants which ox-
ygenated the water and produced algae for
snails to eat; this oxygenation also ensured
decomposition of plant and animal remains at
the bottom, thus making the habitats suitable
for snails. Barlow (1957) stated that the op-
timum environments for both Bulinus truncatus
and Biomphalaria alexendrina in Egypt were
provided with both sunshine and shade. Malek
(1958) noticed that the completely shaded for-
est pools in the Sudan déd not harbor bilhar-
ziasis vectors, while pools partially shaded
and provided with aquatic weeds and having
grass on the banks were preferred by those
vectors. The studies by van der Schalie and
Davis (1965) indicated that the growth rate
of the hydrobiid snail Oncomelania hupensis
formosana was highest when the animals were
maintained under a continuous, white, cool,
fluorescent light (40 watt) suspended 10 in-
ches above cultures. Similar results were ob-
tained by Joy (1971) who showed that the rate
of egg-laying of Biomphalaria glabrata was
highest when the snails were maintained under
cogcinuous light with an intensity of 355 uw/
cmé. ;

While the beneficial effects of light,
either direct or indirect, were emphasized as
indicated above, othere were of the opinion
that light did not affect snails. Deschiens
and Bijan (1956) found that Biomphalaria gla-
brata kept in total darkness still maintained
normal 'activities. The absence of light did
not depress the rhythm of egg-laying, the num-
ber of eggs laid or the growth of embryos,
nor affect the forms of the newly hatched
snails. Deschiens (1957b) found that Bulinus
truncatus also could be maintained, and the
snails reproduced formore than lyear in total
darkness. He also observed that Biomphalaria
glabrata withdrew into its shell immediately
when subjected to a strong direct light. He
believed that Biomphalaria glabrata favored
darkness or light of a low intensity. Watson
and Al-Ali (1961) also found Bulinus truncatus
could be raised under total darkness, and the
snails completed their life-cycle from egg to
egg in 70 days. Harry and Aldrich (1958) no-
ticed that in the field Biomphalaria glabrata
was little affected by the amount of light
reaching the habitat, so thatoften the snails
were found exposed to direct sunlight as well
as in habitats partially or well shaded.

In summary, the effect of light on wthe
snails was indirect. Light encouraged the
growth of aquatic weeds and microflora which
consumed carbon dioxide and produced carbohy-
drates and released oxygen. The light in the
snail’s habitat could have several beneficial
influences. Light could also increase the
rate of decomposition of the animal and pleant
remains on the bottom, so that the habitats
could be rendered more favorable for snails.



STERKIANA NO. 53, MARCH 1973

3. Water Quality

Most investigators preferred to use bio-
logically conditioned water. Cowper (1946)
found that rain or tap water conditioned by
using weeds or mud was best for culturing Bu-
linus truncatus and Biomphalaria glabrata.
Standen (1949) had a more complicated way of
conditioning the water; he used one or two
small roots of several kinds of water plants
such as wild celery (Vallisneria spiralis)
water milfoil (Myriophyllum japonicum) and
false loosestrife (Ludwigia palustris), 20 to
30 Tubifex or Dero oligochaete worms, and sev-
eral hundred Daphnia to insure a water that
would be well balanced for his Bulinus trun-
catus and Biomphalaria alexandrina. Moore et
al. (1953) used Elodea (=water weed), Sagitta-
ria (=arrowhead), Vallisneria, Myriophyllunm,
Ludwigia and hornwort to condition their aqua-
ria for culturing Bulinus truncatus. Chernin
et. al. (1956) found that Biomphalaria glabra-
ta did not grow well in freshly prepared aqua-
ria even if the tap water utilized had pre-
viously been aerated to remove excess chlori-
ne. Consequently, their new aquaria were ei-
ther conditioned by permitting vegetation to
take root in them for a week or longer, or by
adding a sizeable volume of water from exist-
ing tanks several days before snails were in-
troduced. Later Chernin (1957b) maintained
Biomphalaria glabrata in distilled water to
which an equal amount of water from an estab-
lished aquarium was added. Chernin and Mich-
elson (1957a) reported that watercress-condi-
tioned tap water was necessary for Biomphala-
ria glabrata, since snails placed in pre-ae-
rated laboratory tap water alone became in-
active and frequently died within a day or
two. Claugher (1960) discovered that tap wa-
ter conditioned by maintaining guppies for two
weeks was most suitable for Bulinus snails.
He objected to introducing other live animals
into aquaria for conditioning water, but he
did recommend aquatic plants, such as Vallis-
neria spiralis and Elodea. Berrie and Visser
(1963) found that lake water was suitable for
Biomphalaria sudenica sudanica (Martens).
Frank (1963) used stream water for Biomphala-
ria pfeifferi. McClelland (1964) recommended
the use of lake water provided with a cow ma-
nure extract which seemed essential for the
survival of young Bulinus (Physopsis) nasutus
(Martens) during the first two weeks after
hatching. Chu et al. (1966a, 1966b) found
stored river water was most suitable for Buli-
nus truncatus. Kinoti (1968) used a water
flea, Daphnia, and the coontail waterweed, Ce-
ratophyllum, to condition the water for main-
taining Bulinus africanus.

While many workers emphasized the impor-
tance of using biologically balanced aquaria,
Chernin and Michelson (1957b) used aerated
distilled water to observe the effects of wa-
ter volume on the growth of Biomphalaria gla-
brata populations. Lee and Lewert (1956) re-
ported that tap water dechlorinated by sand
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and activated charcoal was satisfactory for
raising Biomphalaria glabrata. B. M. Sturrock
(1966) also used dechlorinated tap water for
culturing Biomphalaria pfeifferi. Joy (1971)
used dechlorinated tap water, but he added
plaster of Paris at the rate of 2.5 mg per
liter of water (i. e., 2.5 ppm), for Biompha-
laria glabrata. Najarian (1960a) even used
non-aerated tap water with success in studies
of Bulinus truncatus. Wright (1960) also used
week-o0ld non-aerated tap water for Bulinus
forskalii (Ehrenberg). Ritchie et al. (1966)
also succeeded in raising Biomphalaria gla-
brata with non-aerated tap water. Williams
(1970b) used aged tap water for Bulinus glo-
bosus and Biomphalaria pfeifferi. Pellegrino
and Gongalves (1965) andR. F. and B. M. Stur-
rock (1970) employed spring water in their
studies of Biomphalaria glabrata. Sodeman
(1970) also succeeded by using spring water
in his studies of Biomphalaria pfeifferi. Hopf
and Muller (1962) prepared an artificial hard
water (0.26 gm of MgSO4 .7H20 and 0.104 gmof
CaClg in 1,000 ml of water) for breeding Biom-
phalaria glabrata

Several investigators were concerned a-
bout water chemistry. In his study of Lymnaea
(Radix) caillaudi Bourguignat, van Someren
(1946) observed that total hardness had little
effect on the distribution of snails provided
that a hardness range of 8 - 200 ppm as CaCO3
was maintained. De Meillon et al. (1958) con-
cluded that chemical composition in natural
water didnot play even a minor part in deter-
mining snail habitats. Colton (1908), how-
ever, concluded that saturated solutions of
certain calcium salts (particularly calcium
sulfate) seemed beneficial to the growth of
Lymnaea snails. Boycott (1936) reported that
the most populous snail habitats were usually
calcium-rich rivers, lakes and canals. Harry
and Cumbie (1956a, 1956b) also observed that
water quality accounted for the spotty distri-
bution of Biomphalaria glabrata in nature. As
an example, those snails did not seem to live
in streams coming from limestone or some other
formations. Harry et al. (1957) observed that
the great excess of weak acid radicals (COj3
SO4. may be related to the absence of snails
in water flowing over limestones. A similar
observation was made by Harry and Aldrich
(1958), who indicated that there was no signi-
ficant correlation between the calcium-magne-
sium ratio and the distribution of Biomphala-
ria glabrata in the field. Instead, they
found, in situations where those snails were
present, the ratio (in ppm) of weak acids
(carbonate and bicarbonate) to strong acids
(chloride and sulfate) was less than 3:1; in
places where the snails were not found (e.g.,
limestone streams) the ratio was usually be-
tween 4:1 and 6:1. In the laboratory, they
found that zinc, copper, cadmium and silver
with a concentration between 0.050 ppm and
0.100 ppm in distilled water produced a dis-
tinct distress syndrome among Biomphalaria
glabrata; and when the concentration was more
than 0.100 ppm, it killed snails rapidly.
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Some of the more important observations
relating to elements studied and in terms of
the specific conditions tested are, as follows:

a) Calcium

Malek (1958) observed that snails may
even thrive in water poor in calcium. Frank
(1963) also demonstrated that Biomphalaria
pfeifferi in the aquarium with lower concentra
tion of calcium (13 ppm as CaCO3) grew much
faster and deposited more eggs than those in
aquaria with higher concentration of calcium
(22 ppm and 31 ppm as CaCO3); and the mortal-
ity was found highest in aquaria with highest
concentration of calcium (31 ppm as CaCO3).
However, usually Bulinus (Physopsis) and 3'-
omphalaria habitats were found to be rich in
calcium (Alves, 1958). Deschiens (1954b) found
that both Bulinus truncatus and Biomphalaria
glabrata could tolerate calcium ions (as Ca
S04) up to saturation concentration (i.e.,
3,800 ppm). Harry et al. (1957) expressed the
opinion that between 17 and 70 ppm (as cal-
cium) was the optimum concentration range for
Biomphalaria glabrata in nature. For Bulinus
nasutus, the optimum concentration was 3.2 to
212.8 ppm (ascalcium) (Webbe, 1962b); and for
Biomphalaria pfeifferi 5 to 40 ppm (as cal-
cium) (Harrison et al., 1970). Harrison and
Shiff (1966) and Williams (1970a, 1970b) ob-
served that both Bulinus globosus and Biompha-
laria pfeifferi showed their greatest intrin-
sic rate of natural increase in water with §
to 40 ppm calcium.

b) Magnesium

As with calcium, Alves (1958) concluded
that Bulinus (Physopsis) orBiomphalaria snail
habitats were rich inmagnesium but that if the
magnesium content was greatly in excess of cal-
cium, the habitat usuwlly was free of snails.
This observation was verified by Harrison et
al. (1966) inthe field observation that aqua-
tic snails were absent from streams with water
high in dissolved magnesium but comparatively
low in dissolved calcium, i. e., with a high
magnesium-to-calcium ratio. In the laboratory
they also found that egg-laying of Biomphalaria
pfeifferi was adversely affected bymaintaining
a high value of this ratio. On the other hand,
Schutte and Frank (1964) in field observations
found that although calcium and magnesium were
present roughly in equal amounts inmost cases,
in some places where the concentration of mag-
nesium was disproportionately higher than that
of calcium, e.g.,calcium 54ppm (as CaCO3) and
magnesium 467 ppm (as CaCO3), the conditions
apparently were not unfavorable to Bulinus(Phy-
sopsis) andBiomphalaria snails. Malek (1958)
stated that only small amounts of magnesium
were necessary for snails. Deschiens (1954b)
also demonstrated that both Bulinus truncatus
and Biomphalaria glabrata could tolerate mag-
nesium ions (as MgClg) at alevel as high as
510 ppm. The optimum range for Bulinus (Ph.)
nasutus, however,was found tobe between 1 and
90.3 ppm (as magnesium) (Webbe, 1962b); for
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Biomphalaria glabrata it was between 5 and 50
ppm (as magnesium) (Harry et al., 1957).

¢) Sodium

Deschiens (1954b) observed that Bulinus
truncatus could tolerate sodium ions (asNaCl)
up to 1374 ppm, andBiomphalaria glabrata up to
2359 ppm. Muirhead-Thomson (1958) indicated
that Bulinus was not normally found where the
salinity exceeded 5,500-6,000 ppm (as NaCl).
Malek (1958) wasof theopinion that water with
a high concentration of sodium as compared to
other cations, especially to calcium, was not
favorable to snails; it appeared that the so-
dium ions tend todisplace the beneficial cal-
cium, so that lesscalcium would be absorbed by
the snails. Frank (1963) concluded that water
with a CaCO3 concentration of approximately 18
ppm and with a sodium/calcium ratio of 1 was
best for growth and fecundity of Biomphalaria
pfeifferi. Schutte and Frank (1964) found that
in the field both Bulinus (Physopsis) and Bi-
omphalaria were always present inwater with a
sodium/calcium ratio between 0.5 and 2.0, where-
as Bulinus (Physopsis) was always present and
Biomphalaria most uncommon in waters with a ra-
tio above 2.4.

d) Carbonate and Bicarbonate

Deschiens (1954b) showed that both Buli-
nus truncatus and Biomphalaria glabrata could
tolerate up to 4,000 ppm of carbonate (as
NaHCO3). The optimum range of carbonate plus
bicarbonate for Biomphalaria glabrata was be-
tween 70 and 120 ppm (as HCO3 and CO3) (Harry
et al., 1957). For Biomphalaria pfeifferi the
optimum range of bicarbonate was 20 to 200 ppm
(as CaCO3) (Harrison et al., 1970). Earlier
Harrison and Shiff (1966) andWilliams (1970a,
1970b) observed that both Bulinus globosus and
Biomphalaria pfeifferi showed their greatest
intrinsic rate of natural increase in water
with 20 to 200 ppm bicarbonate as CaCO3, and
Harrison (1968) found that Biomphalarie pfeif-
feri exygen uptake was highest in water with
35 ppm bicarbonate as CaCO3. In both lower
and higher concentrations the uptake rate was
lower.

e) Iron

Deschiens (1954b) indicated that the ma-
ximum concentration of iron (as FeSO,) tole-
rated by Biomphalaria glabrata was f40 ppm.
Dechancé and Deschiens (1955) found that the
lethal concentration of ferric chloride for
Bulinus truncatus and Biomphalaria glabrata
was 65 ppm and of ferric sulfate, 500 ppm. In
the field Malek (1958) observed that a few
marshes and ponds with ared precipitate, pre-
sumably iron compounds, were devoid of snails.
In field studies Schutte and Frank (1964) found
that adult Bulinus (Physopsis) were occasion-
ally found in small streams fed by underground
water with an iron concentration of 0.03 ppm
(as Fe).
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f) Chloride

Watson (1950) reported that the maximum
salinity (dissolved chloride) found innatural
habitats of Bulinus in Iraq was 1,010 ppm (as
NaCl); his laboratory experiments showed that
adult snails survived in water with as much as
1,500 ppm dissolved chlorides (as NaCl). Des-
chiens (1954b) showed that the maximum con-
centration of chlorides as NaCl tolerated by
Bulinus was 2,123 ppm, and with Biomphalaria
glabrata it was 3,641 ppm. In the field Harry
et al. (1957) found the optimum chloride con-
centration for Biomphalaria glabrata was be-
tween 20 and 110 ppm (as Cl). Malek (1958)
reviewed the literature and concluded that a
high total salt content was lethal to fresh-
water snails; he observed that Bulinus was
less tolerant of salinity than Biomphalaria;
consequently the former was less common in the
coastal habitats.

g) Sulfate
Deschiens (1954b) found that the maximum
concentration of sulfate (as NapSO4) tolerated
by both Bulinus truncatus and Biomphalaria
glabrata was 1,350 ppm. In the field Harry et
al. (1957) found theoptimum concentration for
Biomphalaria glabrata was 10 to 80 ppm (as SO4).

h) Nitrate and Nitrite

Deschiens (1954b) indicated that the le-
thal concentration of nitrate (as NaNO3) for
Bulinus truncatus was 1,000 ppm and for Biom-
phalaria glabrata 750 ppm. The lethal con-
centration of nitrite (as NaNOy) on the other
hand, was only 500 ppm for both of the spe-
cies. Evidently, the nitrates seemed better
tolerated by both species than nitrites; Bu-
linus truncatus had a greater resistance than
Biomphalaria glabruta tonitrates and an equal
resistance to nitrites. In field studies
Schutte and Frank (1964) found these chemicals
were usually absent or in low concentrations
ranging bet ween 0.06 and 1.2 ppm (as aitrogen).

i) pH Value

Ripsom (1949) reported that ovipositing
among Biomphalaria glabrata slowed down when
the pH in the aquaria exceeded 7.8, and at 8.2
egg-laying ceased. In the field Sioli (1953)
concluded that the mcst important factor de-
termining the presence of aquatic snails in
bodies of water seemed to be water pH rather
than a lack of dissolved salts (such as cal-
cium ions). However, Boycott (1936) concluded
that pH was not amajor factor in snail distri-
bution but that thecalcium content of the wa-
ter might be more important. In his studies
of Lymnaea caillaudi, van Someren (1946) found
the snails tolerated apH range of 6.0 to 9.5,
but that the snails were present more frequent-
ly in a range of 6.5 to 8.0. Standen (1949)
observed that Biomphalaria glabrata tolerated
a fairly wide range of pH and values between
7.3 and 8.0 were not unusual. Deschiens
(1954b) observed in the laboratory that both
Bulinus truncatus and Biomphalaria glabrata
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could tolerate a pH range of 4.0 to 10.0. The
World Health Organization (1957) also reported
that both for field and laboratory conditions
intermediate host snails of schistosomiasis
tolerated a wide pH range. Laboratory experi-
ments verified that Bulinus truncatus, Biom-
phalaria adowensis adowensts (Bourguignat) and
Biomphalaria glabrata could be bred between pH
4 and 10; within this range variation in pH
seemed to have no effect on the density of
snail populations. Harry et al. (1957) obser-
ved that, although a pH range of 6.0 to 9.1
was found in Biomphalaria glabrata habitats,
the abundant populations tended to occur in
waters with a range of 7.0 to 7.6. Similar
observations were made by Harry and Aldrich
(1958), who found snails were most abundant
and persistent within the range of pH 7.0 to
8.0. They concluded that pH was probably not
a limiting factor in the distribution of the
snails in Puerto Rico. Malek (1958) also sug-
gested that pH rarely was a limiting factor
in the distribution of planorbid snails; he
observed that pH between 6.0 and 9.0 was tol-
erable. He concluded that the combined ef-
fects of other factors correlated with pH
(such as alkali reserve, CO2 content, sunlight;
photosynthesis with active removal of COy and
the production of 02, aswell as the character
of the substratum) were more important than
pH. . Malek’s view was also supported by Webbe
(1962b). Schutte and Frank (1964) adequate-
ly buffered with bicarbonates; therefore few
were found with a pH below 6.7 or above 8.4.

In field studies by Harrison (1966) and
Harrison and Rattray (1966) the importance of
water chemistry was especially stressed. They
observed that recolonization of Bulinus (Phy-
sopsis) spp. and Biomphalaria pfeifferi after
treatment with Bayluscid was related to water
hardness. In hard water with bicarbonate 114
to 163 ppm as CaCO3, and calcium 20 to 45 ppm
as Ca, these snails reappeared 10 months later;
in soft water with bicarbonate 15 to 40 ppm
as CaCO3, and calcium 2 to 6 ppm as Ca, 22
months were required for reappearance. In
their field studies Pimentel and White (1959a)
observed no differences in pH, alkalinity,
CaCO3 and electric conductance among habitats
with or without Biomphalaria glabrata.

From the foregoing it is evident that
clearcut conclusions on the water quality re-
quired by snails are rather difficult to draw.
It may be stated generally that biologically
conditioned water of ‘medium hardness’ (i.e.,
calcium 5 to 40 ppm as CaCO3, and bicarbonate
20 to 200 ppm as CaCO3) as classified by Wil-
liams (1970a), would be favorable for cultur-
ing snails.

4. Food !

As indicated in the references that fol-
low, most investigators used lettuce to feed
their snails, either in its fresh condition or
dried, boiled or dried-boiled (Gordon et al.,
1934; Cowper, 1946; Standen, 1949; Stirewalt,
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1954; Shah and Gadgil, 1955; Chernin et al.,
1956; Malek, 1958; Claugher, 1960; Najarian,
1960a; Berrie and Visser, 1963; Frank, 1963;
Ritchie et al., 1963a; Sturrock, R. F., 1965;
Chu et al., 1966a, 1966b; Sturrock, B.M., 1966;
Wright and Bennett, 1967; Shiff and Garnett,
1967; Harrison, 1968; Harrison et al.,1970;
Sodeman, 1970; Sturrock, B.M. and Sturrock,

R.F.,1970; Sturrock, R.F. and Sturrock, B.M.,
1970; Williams, 1970b and Joy, 1971). In ad-
dition to lettuce some recommend: dried maple
leaves (Ward et al., 1947; Stirewalt, 1954 and
Malek, 1958), dried lucerne (Frank, 1963),de-
caying mango leaves (Shah and Gadgil, 1955),
water cress (Chernin et al., 1956; Chernin,
1957b; Chernin and Michelson, 1957a, 1957b;
Michelson, 1961 and Jobin andMichelson, 1967);
soft bean leaves (Chu et al., 1966a) and raw
carrot (Shiff, 1964a and Sturrock, R.F. 1966).
In nature,Watson (1950) observed that Bulinus
truncatus fed on the leaves, twigs and bark of
eucalyptus, the leaves and twigs of oleander,
and the leaves of palm, apricot and mulberry.

Semi-synthetic foods were alsoproved use-
ful. Malek (1950) occasionally fed Biomphala-
ria alexandrina cooked wheat cereal supplied
on cork floats, as advocated by Noland and
Carriker (1946) forLymnaea stagnalis appressa
Say. Standen (1951) made an artificial food,
which assisted Biomphalaria in passing the
difficult stages immediately after hatching.
His mixture contained Bemax (wheat germprepa-
ration), dried milk, powdered dried lettuce
and sodium alginate. Moore et al. (1953) sub-
stituted Cerophyl (dried grass cuttings) for
the dried lettuce and added Glandex (fish
food); this modified formula was satisfactory
for maintaining Bulinus truncatus snails.
Claugher (1960) omitted thedried milk used in
Standen’s formula and increased the amount of
lettuce; his modified formula was also satis-
factory for feeding Bulinus truncatus. Lee
and Lewert (1956) and Chernin and Michelson
(1957a) confirmed the value of Standen’s for-
mula as modified by Moore et al. (1953) for
rearing Biomphalaria glabrata. Joy (1971) al-
so found the sodium alginate was adequate as
a supplemental food forBiomphalaria glabrata.
Sheah and Gadgil (1955), however, found that
Standen’s artificial food failed to attract
any of the snails in their laboratory. Erick-
son et al. (1961) noticed that the formula
modified by Moore et al. (1953) greatly redu-
ced both body growth and egg product ion of Bi-
omphalaria glabrata as compared with results
obtained with the same species of snails fed
a formula without alginate. Ritchie et al.
(1963a, 1963b) modified the formula further
to include only Cerophyl, Glandex, wheat germ
and powdered milk in a ratio of 4:2: 1. They
reported that this new formula greatly short-
ened the maturation time of Biomphalaria gla-
brata to egg-laying and also improved their
survival rates. Etges and Ritchie (1966) al-
so used this new formula for raising Biompha-
laria glabrata. In a comparative snail-diet
study, Eveland and Ritchie (1972) found that
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when Biomphalaria glabrata were maintained on
the modified formula (Ritchie et al., 1963a,
1963b), Gaines meal (dog food in compressed
pellets) or a commercial chicken food, the
snails grew better than those fedRopaine let-
tuce, squash or the rhizome of a Caladiunm
plant (elephant-ear plant).

Still others used fish food (Sodeman,
1970) or rat chow (Mecham and Holliman, 1972)
for their snails. For his mass cultivation of
Biomphalaria glabrata Rowan (1958) used amix-
ture of dog chow, dry silt, and calcium car-
bonate in a ratio of 50 : 50 : 1. Pelegrino
and Gongalves (1965) used Cerophyl, commercial
guinea pig pellets, wheat germ and Pablum in
a ratio of 4 : 2 : 2 : 1 to feed their newly
hatched Biomphalaria glabrata.

Algae, either inadvertently or intention-
ally, have long been recommended as snail- food
additives. Colton (1908) observed that the
presence of algae greatly enhanced growth of
Lymnaea columella. Boycott (1936) was of the
opinion that in nature most snails were not
dependent for food on any particular plant.
According tohim, snails liked vascular plants
because while alive they oxygenated the water
and provided surfaces for algal growth. The
algae which grew on mud, stones and other sur-
faces, together with decayed remains, consti-
tuted the main source of food for snails. In
his field studies van Someren (1946) found that
a good habitat forLymnaea caillaudi was char-
acterized by a certain amount of macrophytic
vegetation and a rich assortment of diatoms,
desmids and other microscopic algae which usu-
ally covered the mud or plants. Similar stu-
dies by Taylor and Mozley (1948) culturing
Lymnaea truncatula (Miiller) found thatthe al-
gae grown on a heavy clay soil collected from
natural habitats of those snails served to
stimulate rapid snail multiplication in their
laboratory. Kendall (1953) used this same
method and verified that Lymnaea truncatula
grew rapidly and with low mortality in dishes
provided with vigorous growth of green algae.
Bitakaramire (1968) noticed that the algae
grown in tanks were the main food source for
Lymnaea natalensis (Krauss). With regard to
aquatic schistosome-carrying snails, Scott
(1942) appeared to be the first to observe
that Biomphalaria glabrata in the field were
found on a thin film of algae which grew on
the sides and bottoms of canals. Standen
(1949) observed that very young Biomphalaria
glabrata snails fed almost exclusively upon
unicellular algae until they were about two
weeks old. Shah and Gadgil observed that al-
gae grown on the sides of aquaria attracted
both young and old Ferrissia tenuis (Bourgui-
gnat) snails. Hubendick (1958) also stated
that the presence of algae was one of the basic
necessities in providing suitable conditions
for newly-hatched snails. Watson (1958) ob-
served that Bulinus truncatus were feeding on
algae and decaying vegetable matter in the
field. Malek (1958) recommended the use of
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green algae, blue-green algae and diatoms as
suitable foods for Biomphalaria sudanica and
Bulinus (Physopsis) ugandae (Mandahl-Barth).
By examining the contents of the digestive
tract he found that these snails showed no
preference for any particular species of the
microflora. As long as green and blue-green
algae and diatoms were represented in the diet,
that food was suitable for those snails. He
considered it was not so much the type of diet
but the quantitative composition which was im-
portant in the habitat of the snails. In the
field, Pimentel and White (1959a) observed
that areas with light to medium pollution sup-
ported moreBiomphalaria glabrata than similar
habitats elsewhere. Their observation strong-
ly suggested that algae were important in pro-
viding the necessary foods for those snails.
They (1959b) also noticed that in habitats
where there was little macroscopic plant or
animal life and no sewage, the snails were
probably feeding on the dead plankton adhering
to the substrate. Wright (1960) noticed that
Biomphalaria glabrata in some of his experi-
ments grew better when supplied with green al-
gae. Gohar and El-Gindy (1962) observed the
stomach contents of Bulinus truncatus, Biom-
phalaria alexandrina and Lymnaea caillaudi
contained diatoms, unicellular algae, desmids,
some filamentous algae, cysts of unicellular
algae, protozoans, fragments of higher plants,
sand and mud particles. There was no marked
difference among those snails with respect to
the selection of food. In the field Webbe
(1962b) also found no apparent relationship
between aparticular species of alga or diatom
and the aquatic snails present; as long as al-
gae werethere in appreciable quantities, thri-
ving snail populations persisted. McClelland
(1964) stated that green algae and diatoms,
especially the green algaStigeoclonium, seemed
essential for the survival of young Bulinus
nasutus, particularly during the first two
weeks after hatching. Pellegrino and Gongal-
ves (1965) also observed that thenewly hatched
Biomphalaria glabrata snails were feeding on
an algal film. Chu et al. (1966b) maintained
newly hatched Bulinus truncatus incrystalliz-
ing dishes flourishing with algae. Kinoti
(1968) observed that a unicellular alga was
essential for feeding newly hatched Bulinus
africanus. Jennings et al. (I1970) observed
newborn Biomphalaria pfeifferi feeding on al-
gae in plastic dishes. Stiglingh and van Ee-
den (1970) found that the food of Bulinus tro-
picus (Krauss) consisted largely of unicellu-
lar algae and diatoms; filamentous green al-
gae Spirogyra andother species wereonly rare-
ly found in the stomach of these snails.

As indicat ed, many investigators observed
the importance of algae for growing snails,
but only a few deliberately inoculated cul-
tures with known types of algae to improve
their production. Ripsom (1949) reported that
inoculating the blue-green algae predominantly
Oscillatoria, into aquaria greatly shortened
the time necessary for maturation of Biompha-
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laria glabrata; they oviposited 63 days after
hatching as compared to 80 days when fed let-
tuce. Hopf and Muller (1962) based on the
method advocated by Kendall (1953), found that
young Biomphalaria glabrata bredwell in dishes
containing autoclaved river mud rich inorganic
matter and provided with anartificial hard wa-
ter (as stated previously) into which the
blue-green alga Oscillatoria sp.was inoculat-
ed. McClelland (1964) advocated the use of
pure algal cultures asworth consideration for
Bulinus nasutus in laboratory cultures. Xa-
vier et al. (1968) also obtained significantly
improved results withBulinus globosus and Bu-
linus truncatus fed on a blue-green alga, Os-
cillatoria formosa, inoculated into thedishes.
Besides this simple method of algal inocula-
tion, Deschiens and Adetonah (1969) went fur-
ther and demonstrated that satisfactory results
were obtained withBulinus forskalii, previous-
ly difficult to raise under the usual techni-
ques, when a living microfauna (Rhabditis ma-
crocercaKreiss & Faust coprocultures) and a
microflora (Chlorella, a unicellular alga) were
added.

Although many authors have found algae
useful as food for snails, Claugher (1960) re-
ported that blue-green algae were quite harm-
ful to Bulinus snails; also brown algae were
the indicators of unfavorable conditions.Sev-
eral investigators found that filamentous
green algae often tend to become so thick as
to choke the snails in the tank mechanically;
as a consequence, snails often became trapped
and died. Webbe (1962b) also stated that an
appreciable quantity of both Bulinus and Bi-
omphalaria spp. did thrive in habitats with
blue-green algae, but these very algae can be
considered inimical to those same species in
laboratory cultures.

All of the above information leads to the
basic conclusion that lettuce as a food addi-
tive has become firmly established; algae have
become accepted as a food addit ive under cer-
tain conditions and especially in cultures of
young snails.

5. Population Density
The stunting of snails due to population

density has been observed for many years. Hogg
(1854) found that Lymnaea stagnalis confined

. in small aquaria were much smaller than those

from the same egg-mass raised in large aquaria.
He then stated that the snail had the power of
‘adapting itself to the necessities of its ex-
istence.’ Semper (1874) first suggested that
the snails in aquaria with overcrowding de-
pleted some ingredient essential to their well-
being; thus it was a lack and not the produc-
tion of some substances that caused the re-
duction of growth and lowered fecundity. Col-
ton (1908) also found that the number of Lym-
naea columella in a jar affected their rate
of growth and suggested it was probably due
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to increased secretions or wastes, as well as
diminished aeration. Turner (1927) showed a
marked stunting of two species of Lymnaea due
to crowding and attributed it largely to semi-
starvation produced by intensive competition
for food. Winsor and Winsor (1935), also stu-
dying Lymnaea columella, found, with but few
exceptions, a regular increase in egg-laying
per snail as the population density decreased.
Forbes and Crampton (1942) found that isolated
individuals of Lymnaea palustris Miller grew
faster and attained larger sizes than indivi-
duals grown in aggregates. Noland and Carri-
ker (1946) reviewed the previous Lymnaea stu-
dies and concluded there was little agreement
as to the minimum volume of water required to
enable a single snail to grow to full size;
the range was from 10 ml to 5,000 ml. DeWitt
(1954) found that as the number of Physa gyri-
na Say reared together increased, both their
shell size at the time of oviposition and the
mean number of eggs per snail decreased. Per-
eira and Deslandes (1954) found that both
growth and reproduction of Biomphalaria gla-
brata were adversely affected by crowding.
Wright (1956) suggested that overcrowdingmight
cause dwarfing of snails through an accumula-
tion of excretory products in the water. In
the laboratory Chernin and Michelson (1957a,
1957b) found the fecundity of Biomphalaria
glabrata decreased as snail density increased
per unit volume of water; but when the water
volume was reduced on constant numbers of
snails, there was not asimilar effect but ra-
ther an increase in growth and fecundity. They
concluded that no one hypothesis was suffi-
cient to explain the effects of crowding on
the fecundity of Biomphalaria glabrata. La-
grange (1957) showed that the fecundity of Bi-
omphalaria glabrata was strongly influenced
by diet; he suggested that some possible vi-
tamin complex wasinvolved. Wright (1960) dis-
cussed the possibility of at least three fac-
tors involved in stunting; food, «collisions
and a chemical pollution produced by ‘phero-
mones.’ He particularly favored pheromones
which acted in low concentrations to inhibit
growth and fecundity. Testing this possibility
in the field, Berrie and Visser (1963) found
a substance, mono-hydroxy-tricarboxylic acid-
mono-isodecyl-dimethyl ester with a molecular
weight of 360 and a general formula ClgH3907.
They extracted this substance from the water
of 'a pool in which Biomphalaria sudenica was
stunted. They found that it was responsible
for inhibiting the growth of this species in
their laboratory experiment. Shiff (1964b),
demonstrated a trend towards reduced mean
growth rate and increased individual variation
in size as snails were more crowded. He con-
cluded that one Bulinus globosus per liter
was optimal in the culture. Sturrock, R. F.
(1965) observed that growth of Biomphalaria
angulosa at different densities (i.e,, 1, 2
and 4 snails per 250 ml of water) was linear
until the 7th week; after that time the crowd-
ing effect causing stunting and growth ceased
to be linear. Jobin and Michelson (1967) ap-
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plied a mathematical approach and found the
fecundity (E) of Biomphalaria glabrata was di-
rectly proportional to F/NV, where F was food
in grams, N was the number of snails in the
habitat and V was the volume of water in li-
ters. Berrie (1968) observed that both food

shortage andpossibly mutual interference were
factors causing growth inhibition in Biompha-
laria sudanica tanganyicensis (Smith) in the
field. Berrie (1969) again in the field ob-
served that populations of Bulinus and Bionm-
phalaria built up rapidly under favorable con-
ditions. Then the rates of growth and fecun-
dity soon slowed down and eventually ceased
as thepopulation increased. He suggested that
the food requirements of those snails might be
one of the important factors for triggering
reproduction. Gazzinelli et al. (1970), by
using °7Fe, demonstrated that crowding of Bi-
omphalaria glabrata was related not only to
population density but also to population size;
they discovered an inhibitory factor in water
and feces derived from water with crowded snail
populations. Sturrock, R.F. and Sturrock, B.
M. (1970) showed that the growth of solitary
Biomphalaria glabrata wasdirectly proportion-
al to water volume.

The various studies designed to evaluate
the reason for growth inhibition under crowded
conditions may be summarized by the statement
that ‘no one hypothesis was sufficient to ex-
plain the effects of crowding on the fecundity
of Biomphalaria glabrata.’

6. Type of Aquarium

An unbelievably wide variationexisted in
the kinds of aquaria used by investigators in
culturing snails. Their attitudes towards
this matter were often so casual that some of
them did not even bother to describe the aqua-
ria they used in their experiments. Presuma-
bly most of them used so-called ‘tanks’ of va-
riable capacities. In reviewing the literature
the following were some types (other than the
conventional ones) which were claimed to be
efficient for culturing snails:

a) Porcelain-covered Metal Refrigerator

Lray (12,5 X 22.5 X 32 5 em).

Lee and Lewert (1956) found this kind of
container was most satisfactory for raising
Biomphalaria glabrate, with each tray holding
between 50 to 100 snails.

b) Enamel Tray

McClelland (1964) claimed these trays
(30 X 25 X 5 cm) wereefficient enough to pro-
duce a dependable supply of Bulinus nasutus
of known age and standard size. These trays
were also light, unbreakable, and could be
stored compactly in tiers

c) Battery Jar

Chernin (1957b) stated thata 3-liter jar
was handy for handling small numbers of Biom-
phalaria glabrata; Olivier and Haskins (1960)
used 2.5-liter jars to raise Biomphalaria gla-
brata; Michelson (1961) used 3-liter jars for
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Biomphalaria glabrata; Bitchie et al (1966)
used 6-liter jars for maintaining Biomphalaria
glabrata in their flow system; Jobin and Mich-
elson (1967) also used this same kind of jar
for Biomphalaria glabrata.
d) Carboy
Ritchie et al. (1963a) found an inverted
20-liter carboy with the bottom removed by
means of an electrically heated wire was con-
venient for mass culture of Biomphalaria gla-
brata in a continuous flow system.
e) Drinking Glass
Ritchie et al.(1966) maintained Biompha-
laria glabrata singly in this type of aquaria
containing 200 ml of unaerated tap water.
f) Crystallizing Dish !
Wright (1960) usedsuch adish (10 X 5 cm)
to raise Bulinus forskalii; Frank (1963) also
used it (20 X 10 cm) to raise Biomphalaria
pfeifferi. Sturrock, B. M.' (1966, 1967) and
Sturrock, R. F. (1965,: 1966) also used a 250-
ml dish for culturing Bulinus nasutus, Biom-
phalaria angulosa and Biomphalaria pfeifferi.
Chu et al. (1966a, 1966b) used it for Bulinus
truncatus. Xavier et al. (1968) used 180-ml
and 400-ml dishes for Bulinus globosus and Bu-
linus truncatus cultures.
g) Baking Dish
" Stirewalt (1954) maintained Biomphalaria
glabrata in large Pyrex baking dishes.
h) Plastic Tank
Sodeman (1970) found such a tank (5 li-
ter) more efficient than the conventional 32-
liter 'glass aquaria for raising Biomphalaria
pfeirfferi in mass cultures. :
i) Polyethylene Contaimner
Jennings et al. (1970) used such a rect-
angular container (6.5 X 4.5 X 11.0 cm with a
capacity of 300 ml) to raise Biomphalaria
pfeifferti. i
j) Polyethylene Bag
Pellegrino and Gongalves (1965) found this
bag insured a constant supply of egg-masses of
Biomphalaria glabrata when lettuce was used as
food for the adult snails

Although Claugher (1960) indicated that
the type of culture container was one of the
essential requirements for establishing labo-
ratory colonies of Bulinus snails and recom-
mended all-glass tanks, it is clear from the
above review of the various containers used
that others were not, so concerned. It remains
an open question whether the type of aquarium
in itselfisa critical factor inculture work.

7. Substratum

Gordon et al. (1934) observed that some
mud was necessary in containers used ‘to cul-
ture Bulinus globosus and Biomphalaria pfeif-
feri. They indicated the particles in mud
presumably were utilized in the crop for grind-
ing food. In rearing Bulinus truncatus and
Biomphalaria glabrata, the presence of grit
was also observed by Cowper (1946). Ward et
al. (1947) found that even a little sand in
an aquarium was beneficial toplanorbid snails
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Pan (1958) also found that the many sand
grains commonly encountered in the gizzards
of Biomphalaria glabrata were necessary for
grinding ingested foods. Chernin and Schork
(1959) suggested that the growth of snails in
axenic cultures was in part due to the small
particle size of the dietary components. Fim
mud bottoms composed of black cotton soils
derived either from decomposed phonolites of
Cretaceous age or from black soils of gneiss
and schist origins, were observed by van Som-
eren (1946) as preferred by Lymnaea caillaudi
for crawling. Macnae (1956) indicated that
the degree of compactness of the substrate was
of more consequence to the snails than the
particle size. De Meillon et al.(1958) doubt-
ed that snails would ingest mud in the same
way as earthworms; they suggested that snails
browsed on the surface microorganisms as often
obs rved on the sides of concrete aquaria and
emergent vegetation. They believed this was
probably the reason that snails did not favor
excessively soft and diffuse mud such as that
found in many backwaters.

In the laboratory, Standen (1949) obser-
ved that both Bulinus truncatus and Biompha-
laria alexandrina moved easily upon coarse
soft mud. Therefore, he used sand (95 percent
by volume) and air-dried pond mud (5 percent
by volume) in aquaria for rearing those snails.
Moore et al. (1953) mixed 90 percent sand and
10 percent potting soil for raising Bulinus
truncatus. Chernin (1957b) used marble chips
as.a substrate for Biomphalaria glabrata.
Chernin et al. (1956) and Chernin and Michel-

son (1957a) mixed autoclaved potting soil,

sand and marble chips. While Claugher (1960)
used sterilized silver sand as asubstrate for
Bulinus snails, his purpose was mainly to have
support for rooted aquatic plants (Vallisneria
spiralis and Elodea). Chu et al. (1966a, 1966
b) used mud for hisBulinus truncatus cultures.
Kinoti (1968) used mud and sand as substrate
for Bulinus africanus. Xavier et al. (1968)
had a sterilized so1l as asubstratum for rais-
ing Bulinus globosus and Bulinus truncatus.
In the field, Watson (1958) observed that Bu-
linus truncatus preferred a substrate of mud
rich in organic matter (i.e., decayed aquatic
plantsor decaying leaves). Pimentel and White
(1959a) also noticed that most Biomphalaria
glabrata snails were found on substrates con-
sisting of 42 percent clay (passed no. 220
sieve) and 41 percent sand (retained on no.
60 sieve). They found only a few Biomphalaria
glabrata in streams with rock bottom and where
the water was fast flowing or subjected to
severe flushing action.

These observations 1indicate that the
snails studied do best under conditions that
comply with the nature of the soils observed
in the field. Either mud or sand or a mix-
ture of both, with a reasonable compactness,
usually serve as satisfactory substratum.
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8. Parasites and Predators

It was not unusual to find harmful con-
ditions, either due to parasitism or to pre-
dation occurring in the habitats of fresh-wa-
ter snails (Malek, 1958; Hubendick, 1958).
Michelson (1957) gave a review of the various
parasites and predators of fresh-water mol-
lusks and he used the following group-head-
ings: (a) microbial agents, including algae,
fungi, bacteria and protozoa, (b) flat-worms
and nematodes, (c) annelids, (d) rotifers, (e)
arthropods, (f) mollusks, (g) amphibians and
reptiles, (h) fish and (i) birds and mammals.

In the laboratory, Pringle (1960) obser-
ved that larvae of 4 species of chironomid
midges, namely, Polypedilum sp., P. (Pentape-
dilum) anale Freeman, P. (Polypedilum) kiba-
tiense Goetghebuer and Chironomus (Cryptochi-
ronomus) acutus Goetghebuer invaded and de-
stroyed the contents of the egg-masses of Bu-
linus globosus. However, he did not consider
that this type of predation exercised any re-
straint on the density of adult snails.

The threat by ostracodes (micro-crusta-
ceans) on laboratory snail cultures has been
known for some time. Deschiens (1954a) de-
monstrated that an . ostracode, Cypridopsis
hartwigi Miller actively attacked the bodies
of Bulinus truncatus and Biomphalaria glabra-
ta. Claugher (1960) also found that another
ostracode, Cypridopsis vidua O. F. Miller was
troublesome in Bulinus snail cultures. He
found that this ostracode tended to cluster
around the anal lobe of the snail, causing the
snail to withdraw into its shell and thus pre-
venting it from feeding. McClelland (1964)
stated that Bulinus naesutus maintained in the
laboratory frequently became infested withos-
tracodes which were very harmful to young
snails. He found that frequent changes of
water with subsequent removal of feces and de-
composing lettuce would result in pest-free
snail cultures.

Lo (1967) reported that two species of
ostracodes, Cypridopsis vidua and Cypricercus
reticulatus (Zaddach) caused Biomphalaria gla-
brata to withdraw into their shells. He also
found that thesnail egg-masses were destroyed
when the concentration of ostracodes became
high, or when there was insufficient food for
the ostracodes. He suggested the surest way
to eliminate ostracodes was to re-establish
snail colonies using non-contaminated eggs or
young. Recently, Sohn and Kornicker (1972)
reported that the ostracode, Cypretta kawatai
Sohn and Kornicker was an effective predator
in laboratory experiments on 1l- to 3-day old
Biomphalaria glabrata.

The experience in several laboratories
substantiates the suggestions made by McClel-
land (1964) and Lo (1967) as stated above,
that pest-free snail cultures are necessary
for successful laboratory snail cul tures.
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A few jpvestigators tried to raise snails
or snail organs axenically. By disinfecting
snail eggs externally with adilute sodium hy-
pochloride solution (a solution of ' 'Clovox’.,
a commercial liquid bleach), Chernin (1957a)
was able to obtain bacteriologically sterile
Biomphalaria glabrata and maintained them in
culture tubes for 21 to 29 days in his HS(M)
(=modified handling solution), or HS(M) plus
glucose. Chernin and Schork (1959) found a
basic diet consisting of autoclaved brewer’s
yeast and formalin-killed Escherichia coli sus-
tained axenic growth of Biomphalaria glabrata
in their HS(M). When maintained with thisdiet
in sterile aquarium water, some snails reached
adult size after prolonged periods. They con-
cluded that this slower growth rate was prob-
ably due to the limitations in food supply.
Nevertheless, the feasibility of securing ax-
enic Biomphalaria glabrata would thus make
possible a variety of studies requiring more
carefully controlled conditions than have
heretofore been attainable in the laboratory.
Chernin (1959) also grew Biomphalaria glabrata
axenically in culture tubes and bottles; these
snails were fed with a mixture of autoclaved
brewer’s yeast and formalin-killed Escherichia
coli asadvocated by Chernin and Schork (1959).
Some of these snails were maintained in that
culture for 70 days and developed shells with
diameters up to 6.4 mm. Chernin (1960) found
those axenically reared Biomphalaria glabrata
snails (2 to7 mm in shell length) were highly
susceptible to infection with Schistosoma man-
soni in the absence of any evident bacterio-
logical contamination; those snails produced
normal infectious cercariae following thenor-
mal periodsofincubation. Using his ‘nutrient
medium’ Chernin (1963) was able to retain nor-
mal hearts of Biomphalaria glabrata in vitro,
and heartbeat was observed for at least 47
days after explantation. Vieira (1967a) de-
monstrated that Biomphalaria glabrata could
grow andoviposit under axenic conditions with
the use of a semisynthetic diet. It took 6 to
T months for snails to grow and produce eggs.
Egg- laying occurred only if vitamin E was ad-
ded. Later, Senna and Vieira (1970) devised
a simplified and purified nutrient medium for
culturing Biomphalaria glabrata axenically.
Although snails eating this simplified food
laid fewer eggs than those eating the casein-
lettuce asdescribed by Vieira (1967b), never-
theless, the study indicated that snails could
be successfully raised axenically in a chemi-
cally defined medium.

In summary, while it has been established
that snails can be cultured axenically and do
produce eggs after aperiod of about 6 months,
axenic culture isstill far from feasible mass
production, since by conventional methods these
same snail sneed only a month or two to produce
eggs and complete a normal cycle.

PROPOSED STUDY

Cultivation of snail hosts of African
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schistosomiasis in the laboratory is often un-
dependable. For example, while Biomphalaria
glabrata snails arerelatively easy tomaintain
in our laboratory, cultivation of Biomphalaria
pfeifferi is difficult and unreliable. Egg-
laying was often unpredictable both in frequen-
cy and intensity; there was alow survival rate
among theyoung; and large differences appeared
in the rate of body growth. These were only
some of the difficulties involved in raising
this species of snail. Similar problems were
also encountered with Bulinus globosus, which
often declined at a steady rate. These obser-
vations were made when both species were cul-
tured in one of the standard methods using an
aquarium (20 X 25 X 35 cm), a corner filter
containing charcoal and glass wool, crushed
limestone over the bottom, a supply of spring
water and constant aeration. The snails were
fed lettuce. While the cultures were obvious-
ly inefficient, the reasons were not quite
clear. In host-parasite relationship studies,
Lo (1972) stated that Bulinus globosus snails
were extremely susceptible to Schistosoma
haematobium and produced a large number of
cercariae subsequently. He was, however, re-
luctant touse this species of snail for main
taining the cycle because of great difficulty
in producing a sufficient number of snails.

In a review of culture conditions, Har-
rison and Shiff (1966) concluded that water
of ‘medium’ hardness, as determined by Wil-
liams (1970a), appeared to be most suitable
for both Bulinus globosus and Biomphalaria
pfeifferi. Yet, according to Williams’ stand-
ard, the water used in our own laboratory was
actually a relatively ‘hard’ water. A change
to softer water also seemed desirable since
the large amount of spring water used, which
was obtained from a commercial dealer, was
costly.

Many authors agreed that the food was of
primary importance in snail growth. Yet, the
great majority of these food additives, as
mentioned in the review above, were subjected
to putrefaction in the aquaria used. Although
this putrefaction could be avoided in axenic
cultures, the methods were still inefficient.

Concurrently, in a separate study of On-
comelania snails, the intermediate hosts of
Oriental schistosomiasis, it was discovered
that snail production could be increased sev-
eral fold when thesnails were raised in Petri
dishes containing amud mound with a pure cul-
ture of the blue-green alga Phormidium luridum
var. olivacea Boresch. Later it was found
that amixture of blue-green algae, locally ob-
tained, gave better production than a pure cul-
ture of Phormidium luridum. Theseobservations,
together with the information reviewed above,
led to the decision that both water quality
and food additives should be investigated fur-
ther to determine their effects on the growth
and fecundity of these planorbid snails.
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The main aims of the present study are
to develop simpler, more efficient, more de-
pendable and more easily reproducible culture
methods and to have better understanding of
the ecological requirement of snails. As a
partial approach the following questions were
considered.

1. Optimum number of snails to be accommo-
dated in one container (Part I).

2. Effectofvarious types of waters on the
growth and fecundity of snails (Part II).

3.Iff§ect of various species of algae (Part

X,

4. Effect of various kinds of muds and mud
extracts (Part III).

5. Possibility of formulating a mud with
partially known compositions as an ap-
proach to make more reproducible condi-
tions (Part IV).

MATERIALS AND METHODS
I. Snails

This study dealt with both Bulinus globo-
sus and Biomphalaria pfeifferi, snailsbelong-
ing to the family Planorbidae. The former
were stocks brought to our laboratory from
Salisbury, Rhodesia in 1965; the latter came
from Liberia in 1968. They were maintained
in conventional types of aquaria, tanks, and
only laboratory bred animals were used.

2. Methods to obtain newly hatched snails

To obtain eggs for hatching, about 50
egg masses, with embryos equally developed,
were scraped from the wall of tanks (in Part
I of the study) or from thewall of trays (Part
II and thereafter) with a pair of blunt flat
forceps and placed into Petri dishes with 40
ml of aerated tap water. Under constant cool-
white fluorescent illumination at temperatures
between 25 and 27° C, these eggs hatched 7 to
8 days after they were laid. In Part I and
Part II of the study, the newly hatched young,
about 0.78 mm shell length inBulinus globosus
and 0.61 mminBiomphalaria pfeifferi were then
transferred with a Pasteur capillary pipette
to appropriate culturing trays. In Part III
and Part IV of the study, only Biomphalaria
pfeifferi were used. Newly hatched young were
first maintained for one day in similar Petri
dishes filled with 40 ml of aerated tap water
and a small amount of a pure alga, Fremyella
tenera, together with some mud until their
shell 1 ength was about 0.70 mm. They were then
transferred either toculturing trays orPetri
dishes. Great care was taken to avoid damag-
ing these young snails so early in their de-
velopment. The age differences were not sig-
nificant since 200 to 300 new born specimens
of uniform size were easily obtained from any
single dish at one time.
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3. Water

The following types of water were wused
to make mud paste or used inthe trays ordishes
as overlay.

a) Distilled (Dis): Pyrex glass distilled.
b) Tap (Tap): Aerated for one day or more.
c) Spring (Spr): Locally obtained from the

Arbor Springs Water Co.

d) Deionized (Dei): Barnstead Bantam Demi-
neralizer deionized.

e) Calcium: calcium enriched.

f) Magnesium: magnesium enriched.

g) Calcium-magnesium: calcium and magnesium
enriched.

h) Artificial (Art): water enriched with
known amounts of chemicals. Called ‘ar-
tificial’ for simplicity.

i) Modified Artificial I - ITI (Mod Art I
— 111}

j) Bold’s Basal Medium (BBM): See Bold,
(1967).

k) BBM - Si - Urea (BBMSU)
The chemical analysesof the first3 types
of water were made with a HACH Chemical Com-
pany Kit. The results were shown in Table 1.

In the preparation of types e, f, and g,
the following stock solutions weremade first:

Calcium Stock:
CaCl 9. 2H90
CaS0 4" 2H90
Disﬁlleg

Magnesium Stock:
MgCl o 6H20
MgSO‘- 7H
Distilled

NaOH N/100 Solution:

b s i e A, ARGt
Distilled

B

o

e
Doh e o0
‘8%
-
=

(=

e
S
5'5
=

The final solutions were thenprepared accord-
ing to the formulae shown in Table 2. The am-
ounts of calcium, magnesium and calcium-magne-
sium ions for these 3 types of water were rea-
sonably close to those found in the spring wa-
ter which served as control in the chemical
analyses shown in Table 3.

In the preparation of type h, the fol-
lowing stock solutions were made first; in
use, appropriate amounts of these 3 stock so-
lutions were added to 500 ml distilled water
to make a pH of 7.2,

Stock Solution 1 (Osterhout’s Medium Concen-

trate):
NaCl ... 5.22 gn
MgCly .. 0.409 gm (=MgClg 6H20 -0.978 gm)
MgSOy .. 0.198 gm (=MgSO 7TH50 - 0. 405 gm)
KCI ..., 0.111 gm
CaCly .. 0.060 gm (=CaCly. 2i50 - 0.079 gm)
9T g L Sl DN g S g 500 ml
Stock Solution 2 (=Phosphate Buffer):
SRR i 6.805 gm
e ] Yed ol o000 el dee 1,000 ml

Table 1. Analyses of distilled, tap and spring waters
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Types of waters

Tests
Distilled Tap Spring

Alkalinity (as ppm
CaC03)

Carbonate 0 0 0

Bicarbonate 10 60 340
Hardness (as ppm
CaCO3)

Total * 75 465
Calcium * 40 330
Magnesium * 35 135

Chloride (ppm) ) 42,5 85
Nitrate (ppm) 0.03 0.60 0.25
Sulphate (ppm) 2 75 65
pH 6.6 7.4 7.4

* Concentration below the measurable level.

Stock Solution 3 (=Standard Potassium

Hydroxide)
KOH
Distilled

When in use:
Solution 1
Solution 2
Solution 3
Distilled

2.805 gn

ml
ml
ml
ml

Table 2. Components of calcium, magnesium and calcium-
magnesium waters

(at) Types of waters
Components (ml o
Calcium Magnesium Sgéﬁé‘s"{‘m
Calcium Stock 300 - 300
Magnesium Stock - 300 300
Distilled 1200 1200 900
NaOH N/100 4.5 6.0 4.8
pH 7.25 7.25 7.25

Table 3. Analyses of calcium, magnesium and calcium-
magnesium waters (Spring water served as

control)
Types of waters
Tests
Calcium |Magnesium ncz:égéﬂ&n Spring
Alkalinity (as ppm
€aC0,)
Carbonate 0 0 0 0
Bicarbonate 15 15 15 340
Hardness (as ppm
CaCo 3)
Total 310 145 455 465
Calcium 310 0 310 330
Magnes ium 0 145 145 135
pH* 6.55 6.45 6.50 7.40

* The pH determinations were made before the addition of
an appropriate amount of N/100 NaOH.
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Table 4. Components of modified artificial waters, I, II
and III

c o ypes of waters I

o 1 II 111
Artificial water 98.92 ml 200.0 ml 1,250.0 ml
NH,CONH, * 0.50 ml - -
NAZSiO3 * 0.50 ml - -
EDTA + KOH * 0.02 ml - -
FeS0,.7H,0 * 0.02 ml - -
H3BO, * 0.02 ml - -
Miscellaneous * 0.02 ml - -
Caclz.ZHzo - 150.0 mg -
CaS0,,. 2H,0 - 100.0 mg 250.0 mg

#*Stock solutions as used in the making of BBM and BBMSU

In thepreparation of 3 types of modified
artificial waters I through III, the formulae
given in Table 4 were used.

To make BBM and BBMSU, both of which were
primarily used as the media for algal growth,
the following stock solutions weremade first:

NaNO3 (in 2: 10 gn 4+ Distilled 400 ml

CaCl - 2H,0 1 gm +
K H”ﬁg 3 m i ”" ’

m + ” e
Mg&)4.?!'120 3 gm+ i i
NaCl 1 gm+ o 2
NH2 CDNHg9 10 gm+ & i
Na9SiO3 4 gm+ i =
EDTA* 50 gm, o 1,000 ml
KOH g 31 gn * " ”
FESO4- TH90 4.98 gmsAcidified** 1,000 ml
H3BO3 11.42 gmiDistilled 1,000 ml

Miscellaneous

ZnS04- TH90 8.82 gm
MnCl 9- 4H90 1.44 gm
MoO3 0.71 gm+Acidi fied** 1,000 ml
CuSO4- 5H20 1.57 gm
Co(NO3)-6Ho0  0.49 gm
NeaOH 40.01 gmyPistilled 1,000 ml

* Ethylene-diamine- tetra-acetic acid

** Acidified water:
HoSO4 (concentrated) 1ml Distilled 999 ml

4, Algae
a) Mixture of Blue-green Algae

This mixture was first found in Petri
dishes prepared forOncomelania snail studies.
The algae had been incubated under continuous
illumination (40 watt cool-white fluorescent
tube) 12 inches above the dishes at 25 to 27°
C for a prolonged period. To maintain the
cultures, a small amount of this mixture was
ground with about 10ml of autoclaved distilled
water in a tissue grinder; the whole suspen-
sion was then inoculated into 22,800 ml flask
containing autoclaved BBMSU. The flask was
then provided with continuous aeration and
with the same illumination as above.

b) Selected Species of Blue-green Algae
An attempt was made to isolate unialgal
cultures from the mixture of blue-green algae
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Table 5. Components of BBM and BBMSU

Components (ml) Types of media
BBM BBMSU
NaNO 5 10.0 10.0
CaCl,.2H,0 10.0 10.0
K HPO, 10.0 10.0
KH, PO, 10.0 10.0
MgS0,, . TH,0 10.0 10.0
NaCl 10.0 10.0
NH,CONH, (=Urea) - " 10.0
Na,$104 - 2.0
EDTA + KOH 1.0 1.0
FeS0, . 7H,0 1.0 1.0
HB0 4 1.0 1.0
Miscellaneous 1.0 1.0
NaOH (1 N) - 1.4
Distilled 940.0 928.0
pH - 2:2

just mentioned above. The isolation was ac-
complished as follows: (1) with apair of fine
glass needles and under a dissecting micros-
cope, candidate species (macromorphologically
di fferent in colony appearances) were removed
from the Petri dishes in which this mixture
of blue-green algae had grown for 3 weeks and
more, (2) those selected wereinoculated sepa-
rately onto BBMSU agar plates (i.e., 100 ml
of BBMSU + 1.5 gmof agarconsolidated in small
Petri dishes (60 X 15 mm). The Petri dishes
were then placed into a simple humid chamber
(using a plastic tray together with a couple
of dishes, without cover, filled with distil-
led water for vaporization). The top of the
trsy holding thePetri dishes was covered with
a glass plate and the whole unit was then in-
cubated under constant light using the same
illumination as described previously, (3) two
weeks later the algal colonies appearing on
the agar plate preparations and (4) two to
three selective removals of algae were suffi-
cient forisolating unialgal cultures, although
they were not bacteria-free. In this way 3
species of blue-green algae and 1 species of
diatom were isolated. They were identified
as:
Blue- green algae:
Nostoc muscorum Agardh
Schizothrix calcicola (Agardh) Gomont
(formerly Phormidium sp.)
Fischerella ambigua(Ndg.) Gomont
Diatom:
Nitzschia frustulum (Kitz.) Grun.

For maintaining these al gae, small amounts
of the colonies were removed and processed in
a way similar to that described for the mix-
ture of blue-green algae.
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Fig. 1. Procedures for preparing different kinds

of muds mud extracts
eesseenenenennnn s » Stirred mud + Stirred extract

tilled water for 10 hrs.
by stirring; repeated
twice.

Natural mud

Extracted with 60 ml dis- (4ry, 25 gm)

Pooled, passed through # 3 filter
paper, condensed to original vol-
ume (60 ml) by evaporating at 40° C
in oven.

» Steamed mud + Steamed extract

. (wet, 40 gm) Extracted with 60 ml d 5
g il distilled water for ‘rs 13 e%) Pooled, passed through
iDried at 100° C 2 hrs. by steaming; # 3 filter paper, con-
'in oven for 20 hrs. repeated once. densed to original vol-
v ume (60 m]..) by evaporat=
100°C-dried mud =-==~mm=mmcmmmacaee » 525°C-heated mmd ing at 80° C in oven.

Heated at 525° C
in furnace for
1.5 hrs.

(dry, 25 gm)

(dry, 23.17 gm)
iExtracted with 60 ml dis-

itilled water for 2 hrs. by
‘:':teuming; repeated once.

525°C-heated
steamed mud
(dry, 23.17 gm)

¢) Inoculation of Algae :

At the time of inoculating all of these
algae onto Petri dish preparations (aswill be
described below), a small amount (about 10 mg
in dry weight) of the respective alga was
ground with 10 ml of autoclaved distilled water
in a tissue grinder, and 30 ml more distilled
water was then added tomake a homogeneous al-
gal suspension. A small amount of the suspen-
sion (0.5 ml) was then added to each Petri dish
with the aid of a 1-ml disposable plastic sy-
ringe equipped with 20 G 1.5 in. disposable
needle. Petri dishes were then incubated un-
der the previously described constant source
of illumination for 1 to 3 weeks.

In Part IIT and Part IV of the study it
was frequently observed that the growth of
" Nostoc muscorum seen at the end of the incu-
bation period wasclosely related to the growth
of snails. For convenience, therefore, the
growth of this alga was arbitrarily defined as
follows:

3+ thick growth of algal film on the sur-
face of water, bottom of Petri dish is
hardly visible.

2+: thin growth of algal film on the sur-
face of water, bottom of Petri dish
is still visible.

1+: no growth of algal film on the surface
of water only spotty growth ofalgae
on the bottom.

0+: no growth of alga at all.

5. Petri Dish Preparations for Algal Growth

a) Natural Mud
The source of mud and procedures in pre-
paration were as described by van der Schalie
and Davis (1965) but with some minor modi fi-
cstions. Briefly, the river mud taken from
the habitat of Pomatiopsis cincinnatiensis
snails wasmixed with a large quantity of dis-
tilled water to permit it to pass through a

525°C~heated
Steamed extract

Pooled, passed through # 3 fil-
ter paper, condensed to origi~
nal volume (60 ml) by evaporat=
ing at 80° C in oven.

+

sieve of one-third inch mesh. The mud was then
heated in an oven at 800 C for 8 hours per day
for 3 consecutive days to eliminate unwanted
animals such as annelids and other potential
pests. On the last day of heating, the venti-
lation of the oven was so regulated that the
softness of the mud would be equivalent to a
mixture of 5 parts of 1000 C-dried mud and 3
parts of distilled water, both by weight.

To make a suitable mud mound 40 gm of
this wet mud was placedin the center of a Pe-
tri dish (100 X20 mm) and stroked with a spa-
tula to form a smooth and solid mound about
1.5 cm high at the center and 6.0 cm in basal
diameter. About 60 ml of distilled water (not
autoclaved) was then added as overlay. The
suspension of the mixture of blue-green algae
(as described above) was then inoculated. In
some experiments in which unialgal cultures
were used, the mud mound was autoclaved at
1210 C for 1 hour to insure the mud free from
other species of algae before overlying with
60 ml of autoclaved distilled water.

b) Several Kinds of Mud and Mud Extracts

The steps involved in the preparation of
muds and their extracts were shown in Fig. 1.
For sterilization, muds were autoclaved after
they were placed into Petri dishes, and ex-
tracts were autoclaved in flasks before
pouring into autoclaved Petri dishes. To each
of the Petri dishes with muds, an appropriate
amount of autoclaved distilled water (or in a
particular case autoclaved 5250 C-heated
steamed extract) was added as overlay for al-
gal inoculation. Mud mound making was not
necessary (Table 6).

c¢) Synthetic Mud
The following components wereused to make
various types of synthetic mud.

Clay: Pottery clay. Purchased through a
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Table 6. Mud and extract preparations

Quantities per Petri dish

Muds or mud extracts

Mud(gm) or Distilled water

extract(ml) [paste (ml) |Overlay (ml)
Natural mud 2X 15 60
Steamed mud 25 15 60
Steamed extract 60 - -
Stirred mud 25 15 60
Stirred extract 60 - -
100° C-dried mud 25 15 60
100° C~dried mud 25 15 60*
525° C~heated mud 23.17 14 60
525° C~heated steamed 23.17 1% 60
mud ?
525° C-heated steamed 60 4 5
extract(full-strength)
525° C-heated steamed 30 = 20
extract(half-strength)

* 525° C-heated steamed extract in place of distilled
water., :

local pottery maker, from the Cedar Heights
Clay Co., 50 Portsmouth Road, Oak Hill, Ohio.

Kaolin: From Merck & Co.

Sand: White sand. From local aquarium
supply store. It was ground with pestle and
mortar to form a powder.

Shell: Oyster shell. From local farm
supply company. Finely ground to make a pow-
der.

Charcoal: Bone charcoal. From Hermman
Brothers Sales Corp., 3005 Central Avenue, De-
troit, Michigan, 48209. Again finely ground

Agar: Bacto-agar. From Difco Laboratories,
Detroit, Michigan.

Bone: Bonemeal. From Agrico Chemical Co.,
Division of Continental Oil Co., Memphis, Tenn.
38101.

Fish: Fish meal. From Boston Feed Supply,
Boston, Massachusetts.

KNO,: From General Chemical Division,
Allied Cl?emicnl & Dye Corporation, New York,
NWEL

Glucose: D-glucose. From B.D.H. Labora-
tory Chemicals Division, Poole, England.

The actual formulae formaking quantities
of synthetic mud sufficient toprepare 4 Petri
dishes each were individually indicated in
Table 7. In each’ formulation certain kinds
and amounts o f components just described above
were mixed well with 70 ml of an appropriate
type of water, distilled water, artificial wa-
ter, modified artificial water I, modified ar-
tificial water II BBM or BBMSU, in a 150-ml
beaker before autoclaving. An appropriate a-
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mount (about %)of this synthetic mud was then
placed in an autoclaved Petri dish and the mud
mound was madewith an autoclaved spatula while
the mud was still warm. The 60 ml of auto-
claved water, either distilled water, artifi-
cial water, modified artificial water III or
BBMSU was added to the Petri dish as overlay
after thewhole preparation was cool. The sus-
pension of Nostoc muscorum was inoculated in
the usual way. The time of incubation spent
under constant illumination varied from ex-
periment to experiment.

6. Lettuce

Fresh lettuce wasalso used as a food ad-
ditive inPart I and Part II of the study when
trays were used extensively as aquaria. It
was also used for comparison in Part III, when
the effects of food additives and types of a-
quaria on the growth of snails were studied.
The amount of lettuce used varied. To feed 5
newborn snails in a tray (or a Petri dish) up
to the 2-week old stage about one-fourth leaf
of lettuce was torn into small pieces and
scattered on the water surface. For the 3-
to 4-week old snails, one-half leaf was pro-
vided; for the 5-week andolder snails, a whole
leaf. This amount was usually sufficient to
last the entire period until the tray (or Pe-
tri dish) was changed. For more than 5 snails
per aquarium, the amount of the lettuce used
was increased accordingly.

7. Methods of Preparing Aquaria and Initiating
Snail Cultures

a) Tray Method

Unbreakable commercial green plastic trays
(7.5 X 20 X 30 cm), designed forplant seed-
lings were employed as aquaria since .they
were easy to handle and reasonable in price.
They were used in Parts I - III of the study.
They were prepared as follows: (1) each tray
was overlaid with 1,500 ml of either deionized
water, distilled water, tap water, spring wa-
ter, calcium water, magnesium water or calci-
um-magnesium water, (2) a mud mound, on which
the mixture of blue-green algae or a unialgal
culture of Nostoc muscorum was growing, was
transferred from the Petri dish into the tray
with the aid of a spatula, (3) an appropriate
amount of lettuce was then added to the tray,
(4) the newly-hatched (in Parts I and II) or
l1-day old (in Part III) snails, 5 per tray,
were introduced with the aid of a Pasteur ca-
pillary pipette. It was crucial that snails
be dropped on the top of the algal mass to in-
sure their immediate access to the food, since
the fresh lettuce leaf was too hard for new-
born snails to ingest, and (5) the tray was
covered with aglass plate and incubated under
the standard lighting system.

To study the effect of crowding on the
growth of snails, 5, 10, 20 or 40 snails were
cultured per tray. The number of replicate
aquaria made and other specific details for
each experiment are described under Results.
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Table 7. Synthetic mud preparatious

o Quantities to make 4 Petri dishes
Expt. :ﬁf, Solid (cn) Liquid (ml)
°" | clay [shell |charco| Agar | Bone | Fish | KNO, [Glucos| Paste |Overlay
b1 H (- - B (8 | 2 2 1 1 05| 1 [pis Dis
2 bEioo |1 2 2 1 1 05 [ 1 [pis BBMSU
l 3] wo] 1 2 2 1 1 .05 | 1 [BBMSU [pis
4] 100 1 2 2 1 1 .05 | 1 |[BBMSU |BBMSU
1| 10| .5 2 2 .5 .5 - - |bis Dis
2| 1w00] .5 2 2 .5 .5 - - |pis Art
- 3| w0 .5 2 2 .5 .5 - - |BBMSU |Dis
4 100 A 2 2 W3 "5 - ¥ BBMSU [Art
O B 3 - 1 1 05 - ]ois Dis
? 21 w0 | 1 3 e T 1 .05 | - |pis Art
1] 20| .5 2 .3 2 .5 - - |pis Dis
2] 100 ) .5 2 .3 - .5 - - |[pis Art
¢ el s 2 .3 - 5 - - |Yod Artipis
4 100 o3 2 v3 - . o e ?od Art|are
e BETE 4 T 1 1.5 .05 | - |pis Dis
2( 100] 1 4 3 1 1.5 .05 | - |pis Art
) T R 4 3 | 1 |15 | 05| - |9 Aet]py,
4| 100] 1 4 i3 1 1.5 05 [ - v odiart e
1| 100] 1 4 3 1 1.5 Z T T Wod ATt
. 21,1004 1 4 .3 1 - - - |pis Yod arc
3 [Rao0 [ 2 4 12 i 1.5 - - |ois Ygg Art
4 [Say40 [ 1 4 .3 1 Y - |pis e 1
Yolostogilia 3 .5 S 1 12051 Bl TGS, PN
2 [F 100 | 1 3 .5 2 1 05 | - |pis Art
3 100 | 1 3 T B - 05 | - |pis |art
| 1w00] 1 3 .5 1 .5 o R Art
s| o0 ]| .5 3 5 1 1 .05 | - |pis Art
6| 100 2 3 o3 1 1 05| - |pis Art
7] 100 [ 1 1 .5 1 1 GO R BT Art
y 8| w0] 1 6 - 1 1 05| - [ois Art
9] 100 | 1 3 3 1 i .05 | - |pis Art
10| 100] 1 3 2 1 1 .05 | - |pis Art
nir ee] a 3 Y 1 1 - - |vis ATt
12| 100 1 3 .3 1 1 o1 - |pis Art
13] 100 | 1 3 5 1 1 05| - |Dis ALt
16| 100] .5 2 2 .5 .5 - - |BBMSU |Art
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Table 7. Continued

& Quantities to make 4 Petri dishes
S:[-:t. mzf; Solid (gm) i Liquid (ml)
No. | Clay |shell |Charco| Agar | Bonme | Fish KNO, |Glucos P?%g 0?"2:;6")‘)'
vl soelll R 3 .5 1 - - 4 'lpis Art
30 R T M 3 sl - - - |BBM Art
3 100 i 3 D 1 - - - BBMSU Art
4 100 1 3 &3 2 # » - BBM Art
5 100 b1 3 D 4 - - - BB Art
6 100 2 3 xa 1 - - - BBM Art
71 100 4 3 5 1 - - - bBM Art
8 8 100 | 2 3 5 2 - - - B Art
B 100 4 3 3 " - - - BBM Art
10 100 2 3 3 4 - - - BBH Art
11 100 4 | i 4 - - - BBM Art
12 100 - 3 " 2 - - - BBM Art
13 100 2 3 «3 - - - - BEM Art
18 {100} - 3 = - - - - " |BBM Art
15 |Sa140 | 1 3 .5 1 - - - |BBM Art
1 100 1 3 e - - - - Art Art
2 100 1 3 w9 - - - - BBM Art
12 3 - 1 3 3 - - - - Art Art
4 - i 1 3 v - - - - BBM Art
1 - 1 3 .5 - - - - Art Art
i 2 - 1 - -3 - - - - Art Art
= ==
1 100 1 a 3 - - - - Art Art
R - 5 - - - - |Art Art
< 100 - 3 v - - - - Art Art
4 100 - - . - - - - Art Art
5 - 1 3 o5 - - - - Art Art
i 6 - 1 - e - - - - ATt Art
7 - - 3 +3 - - - - Art Art
8 - - - 2% - - - - |Are Art
9 100 1 3 5 - - - - BBM Art
10 [Nmo0 | - - - - - - - |bis Dis

Ka = Kaolin; Sa = Sand; Nm = Natural mud.
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b) Petri Dish Method

Petri dishes (100 X 20 mm), containing
mixture of blue-green algae, several species
of unialgal cultures, or Nostoc muscorum were
employed as aquaria. = They were used in Parts
IIT and IV of the study. They were prepared
as follows: (1) an appropriate amount of dis-
tilled water was added to each Petri dish to
restore its original water level, (2) the al-
gal mass was torn open in such a way that a
small area of mud surface was exposed, (3) an
appropriate amount of lettuce was added when-
ever it was required and (4) one-day old snails,
5 per dish, were introduced with a pipette as
above. In this case, thesnails were delivered
to the exposed area asmentioned above, so that
they could easily and immediately ingest both
algae and mud. :

The effect of crowding on the growth of
snails was studied using Nostoc muscorum as a
food additive with 1, 2, 5, 10, 20 or 40 snails
per Petri dish. The number of replicate aqua-
ria made and other specific details for each
experiment are described under Results.

8. Measuring Survival, Growth and Fecundity

In Parts I and II of the study, snails
were first collected at the end of the second
week, and their shell lengths measured under
a dissecting microscope with an ocular micro-
meter. Following oviposition, egg-masses were
scraped from the container, the lettuce leaves
and the shellsofindividual snails with blunt-
tipped forceps. These egg masses were then
placed in a Petri dish filled with tap water.
Egg masses and eggs were counted using a dis-
secting microscope, and recorded according to
the sites on which they were laid. Parent
snails were placed in freshly prepared trays
filled with either the same ordifferent kinds
of water. These measurements provided data
necessary foran understanding of growth, sur-
vival and fecundity.

In Parts IIT and IV of the study, snails
were collected at the end of either the first
or second week and measured in the same way.
In many experiments, snails were cultured for
only a 2-week period; therefore, measurements
were taken only once at the end of the period.
Fecundity could not beobserved insuch a short
period. For those experiments in which snails
were cultured more than 2weeks, fresh aquaria
(either trays or Petri dishes) were supplied
only in one of the experiments of Part III in
which the effect of kinds of aquaria on the
growth of snails were being studied. Specific
details for each experiment will be given un-
der Results.

RESULTS

Part |. Effect of Crowding on Survivorship,
Growth and Fecundity

The object of this study was really two-
fold; to determine if snails could be success-
fully cultured in trays, and if so, the opti-
mum number of snails to be placed in each
tray.

1. Bulinus globosus

Al together 8 trays supplied with spring
water were used; two with § snails per tray,
two with 10, two with 20 and the last two with
40. Measurements and water changes were made
2, 4, 6, 7, 8, 9 and 11 weeks after adding the
snails. As judged by survivorship, these snails
were efficiently raised with this tray method.
In trays with 5 snails per tray all of the
snails survived; those with 10 snails, 80%
(=16/20); those with 20 snails, 92.5% (=37/40);
and with 40 snails, 83.8% (=67/80) (Table 8).

As indicated (Fig. 2) the mean shel!
lengths of the snails were almost the same for
all 4 groups in the first two weeks. But at
the end of the fourth week 3 growth patterns
developed, and by the end of the eleventh week
there were 4 di stinct growth curveswhich clear-
ly demonstrated stunting in growth through
crowding, so that individuals in trays with 5
snails per tray were largest and those in trays
with 40 snails per tray were smallest. The
subtle relationships between values of stand-
ard deviation and the population size were
evident by the end of the period of logarith-
mic growth (about the end of 6th week). Al-
though themean shell length became smaller as
population size increased, thevaluesofstand-
ard deviations became greater, as follows: 0.3
to 0.4 mm in the 5-snail group, 0.3 to 0.5 mm
with 10 snails, 0.4 to 0.6 mm with 20 snails
and 0.6 to 0.7 mm with 40 snails. These dif-
ferences indicated that the more the animals
were crowded, the less the uniformity in the
size of the snails.

There were also striking differences in
egg-layingin that eggs first appeared in both
trays with 5 snails per tray and in only one
with 10 snails per tray at the end of the sixth
week. It should bestressed that under crowded
conditions, as found in trays with 20 and 40
snails per tray, no eggs were laid throughout
the experiment. The number of eggs laid per
snail was 45.7 for the 5-snail group and 27.8
for the 10-snail group (Table 9 and Fig. 3).
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Table 8. Effect of crowding on survivorship and shell length (X * s.pn.)

(mm) of B. globosus reared in spring water for 1l weeks
N i Weeks
@ z
Do > 0 2 4 6 7 8 9 11
sHlslsh s el s el s sl s ol kel s sl s sl s
1 510.8.0.01 51340 0. 71 515.7 0.9] 5§8.1 0.5] 5]8.4 0. &} 519.1 0.3} 519.3 0.3} 5]|9.8 0.6
S §2 S$10.8 0.0[ 5]2.6 0.6] 5}15.6 0.8{ S}8.3 0.3] 5]9.0 0.1} 5]|9.2.0.3] 5}9.3 0.2} $|9.8 0.3

T™[10]0.8%£0.0(10|2.8%0.7|10|5.720.8[10|8.2%0.4]10{8.7%£0.4|10(9.240.3(10{9.3£0.3]|10/9.8+0.3

o

8.6 0.2f 9/8.6 0.3| 9(9.1 0.3
8,9 0.2] 719.1 0.3| 7}9.4 0.3

1 (10{0.8 0.OJLO}2.7 0.4]10]5.6 0.5 9]7.5 0.4| 9]8.3 0.2

~

10 |2 |10{0.8 0.0} 812.0 0.2} 8}5.3 0.7] 7]8.2 0.4| 718.9 0.3
™| 20]0.6%0.0]|18}2.64£0.4|16}35.5%£0.6|16|7.6%0.5|16(8.5£C.4 |16 [8.7£0.3{16|8.8%0.4]16(9.2%0.3

1 (20]0.8 0.0)20(2.3 0.4}20{4.7 0.8({20{6.7 0.7/18]7.2 0.4|18(7.3 0.3|18]7.3 0.3{18(7.5 0.3

2010.8 0.0]19}2.6 0.3/19}4.5 0.5{19]6.7 0.6{19(6.8 0.4|19}7.3 0.5(19(7.3 0.5|19(7.9 0.5

2
2 2
™| 40[0.8%£0.0[39(2.5%0.4]39(4.6%0.7(39(6.720.6{37|7.0£0.5|37(7.3%0.4[37{7.3%0.4|37|7.720.5

20

1 |40]0.8 0.0(362.2 0.2]36]|3.3 0.4(36|5.8 0.736(6.0 0.6|36|6.2 0.6|36(6.2 0.6|36|6.8 0.7
40 (2 |40]0.8 0.0(36(2.7 0.4/35{3.8 0.5/35(5.5 0.6|33]|5.8 0.6(32]|6.1 0.6|32|6.2 0.6|31|7.1 0.5
T™{80[0.8£0.0|72{2.4%0.4|71]3.6%0.5|71(5.7%0.6 (69 |6.0£0.6 |65 (6.1%0.6|68|6.2+0.6(|67|6.9%0.7

S = No. of survivors; SL = Shell length; TM = Total and mean.

When those eggs were recorded according
to the sites from which they were harvested, i 10
an interesting pattern appeared (Table 10).
In both 5-snail and 10-snail groups, most of - G e e AU <R -
the eggs (90.6% and 39.6%) were onthe lettuce
(usually underneath the leaf); next (5.0% and
31.0%) were on the container (either the wall
or the bottom of the tray) and fewest (4.4%
and 29.4%) were on the shells of individual
snails. This particular pattern of egg-laying
sites was found to be persistent in all of the
experiments in which spring water was used in
the trays.

5/tray
.-==10/tray

o— 20/l:ray
40/tray

Mean shell length (mm)

2. Biomphalaria pfeifferi

The datapresented above demonstrated that 1
some reliable methods for culturing Bulinus
globosus were developed with theuse of trays. 0 T S e, T R A S T g %
A need still exister for similar studies with Weeks
Biouphalaria pfeifferi, which was hitherto Fig. 2. gffeitbof crowding <im memi\ shell lexf:gthlgf
maintained only in an unreliable way. To de- iy e T T wm
termine the optimum number of these snails to
be cultured per aquarium, 12 trays were estab-
lished and arranged essentially the same as
those previously described except that they
were supplied with aerated tap water instead

of spring water. Previous experiments indi- so b i
cated that if the snails were to die, death 5/tray
would occur before the end of the second week. S 40F

Consequently, extra snails were put into the ]

trays at the beginning to allow for individu- ®30F 10/tray
als which may have died during this critical Sl

period. For trays with 5 and 10 snails per 3

tray, one extra snail was added to each tray; Z10}

trays with 20 snails, two extra; and trays o | G s ;

with 40 snails, four extra. At the end of the ) TG . T T T R T S T L A L
second week, the extra snail(s) (smallestones) Weeks :
Fig. 3. Effect of crowding on the number of eggs

were removed so that three trays had 5 snails Tibsd) 1odd W s ilaRharis veave
per tray, three had 10, three had 20 and the ﬁﬁ"::z?ng ‘)vat:r fgirn' weeOEs o
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Table 9. Effect of crowd

on fecundity of B. globosus reared in

spring water for 11 weeks
A Weeks
5»1 i : 6 7 8 9 11 Tot. & Mean
S8 S|T. eggs|Eggs/|T. E T T. E T .
Lk B e E e S ot B o] e ot o e o Bt e s B
15( 5)| 3.0 [191( 5)|38.2 3( 5)| 0.6 | 12( 5)| 2.4 | S5(C 5)| 1.0 |226( 5)|45.2
S |2 | 21(¢ 5)| 4.2 |181( S5)|36.2 3( 5)| 0.6 | SC 5)| 1.0 | 21( 5)| 4.2 |231( 5)|46.2
™| 36(10)| 3.6 |372(10)|37.2 [ 6(10)] 0.6 | 17(10)| 1.7 | 26(10)| 2.6 [457(10){45.7
1| 0C9)f 0.0 [150( 9)[16.7 | 15( 9)| 1.7 | 19( 9) 2.1 | o( 9)] 0.0 |184( 9)]20.5
10 |2 | 11¢ 7)| 1.6 |217C 7)|31.0 | 33C 7)| 4.2 | o( 7)| 0.0 | o¢ 7)| 0.0 |261( 7)|37.3
™| 11(16)| 0.7 [367(16)|22.9 | 48(16)| 3.0 | 19(16)| 1.2 | 0(16)| 0.0 |445(16)]|27.8
20 || o(39)] 0.0 | o(37)| 0.0 | o3| 0.0 | o(37)| 0.0 | oan] 0.0 | o(3n] 0.0
40 |™| o(71)] 0.0 | 0(69)| 0.0 | 0(68)| 0.0 | 0(68)| 0.0 | 0(67)]| 0.0 | 0(67)]| 0.0
e -

T. = Total; # = No, of survivors; T™M = Total and mean.

Table 10. Egg-laying sites of B. globosus reared in spring water for 1l weeks

; Tray No.
Snails : $ Total
/tray Vs Tot. | Egg-laying site |Tot. | Egg-laying site |Tot. | Egg-laying site
eggs C L S eggs Cc L S eggs c L S
6 15 15 0 0 21 0 21 0 36 15 21 0
¥ 191 8 | 183 0 | 181 0 | 181 0| 372 364 0
8 3 0 0 3 3 ] 3 0 6 0 3 3
S 9 12 0 12 0 S 0 0 5 17 0 12 3
11 5 0 0 5 21 0 14 7 26 0 14 12
Tot.| 226 23 | 195 8120 00t 219 12 | 457 23 | 414 20
% 10.2] 86.3| 3.5 0.0] 94.8 -9 5.0] 90.6] 4.4
6 0 - - - 11 0 11 - 11 0 11 0
7 150 22 | 119 217 | 106 37 76 | 367 | 128 156 83
8 15 0 (4] 15 33 ] 33 48 0 0 48
10 9 19 10 9 0 - - - 19 10 9 0
11 0 - - - 0 - - - 0 - - -
Tot.| 184 32 | 128 24 261| 106 48 107 | 445 | 138 176 | 131
% 17.4| 69.6| 13.0 40.6| 18.4| 41.0 31.0| 39.6| 29.4
i & ot ST DI SR R o) TR [ D e R G Y B
@ |Tot.| o] - - - ol - 5 - 0 . - -

C = Container; L = Lettuce; S = Shell.
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Table 11. Effect of crowding on shell length(X % S.D.)(mm) of
B. pfeifferi reared in tap water for 12 weeks
g Ty Weeks
0 2 3 4 6 8 10 12
1 {o.6 o.0] 5.0 o0.5] 6.4 0.2/ 7.8 0.1] 8.2 0.2] 9.8 o0.2[10.5 o.1fii.2 0.2
5 2]|0.6 0.0] 5.9 0,5 7.8 0.3] 8.4 0.3] 9.0 0.2]10.6 0.2j11.4 -0.3|11.6 0.2
3] 0.6 0.0] &6 0.3} 6.4 0.4] 7.6 0,2]8.2 0.3]99 0.2]10,7 0.3]11.0 0.2
M| 0.6 %0.0] 5.1£0.7[] 6.9+ 0.7| 7.9 £ 0.4] 8.5+ 0.4]10.1 * 0.4/10.9 £ 0.5[11.3 £ 0.3
1| 0.6 o0.0f 45 0.6/ 58 0.56.7 0.4/ 7.5 0.4]8.9 0.5/9.6 0.4/ 9.8 0.4
10 2108 0.0] 3.9 0.5 6.2 0.587.5 0,3] 1.9 0.2] %4 0.2§9%.9 0.2110.3 0.3
3} 0.6 0.0] 6.4 ' 0.3] 62 0.3} 7.6 0.2] 8 0.2] 9.5 o4l100  0.3]10.5 0.2
M | 0.6 £0.0[ 4.3%0.6] 6.1 %0.5] 7.2 % 0.5] 7.8 % 0.4] 9.3 % 0.5] 9.8 * 0.4}10.2 % 0.4
1] 0.6 0,00 3.3 0] 56 0,4] 6.1 0.6} 6.9 0.3] 7.8 0.3] 8.6 0.4] 8.8 0.3
20 20 0.6 008 3.3 ) 0.3] 5.0 0,31'6.2  0.2) 7.1 “0.1) 8.2  0.2] 8.7 032] 9.2 0.2
34190.& 0.0] 3.7 0.9} 5.6 0,8] 6.4 0.4] 7.0 O0.,4] 8.0 0.3] 8.6 0.4} 9.0 0.2
M | 0.6 £ 0.0| 3.4 £ 0.6] 5.3 % 0.6] 6.2 % 0.3|] 7.0% 0.4| 8.0 % 0.3]| 8.6 £ 0.3|] 9.0 £ 0.3
1108 0.8102.6 B3 62 0.5 5.5 0.6l 6ok O3l ¥ 021 766 0.3 &0 0.3
2106 0.0] 2.9 0.4] 6.4 0.8] 5.5 0.5]1 6.6 0.3] 7.4 0.3] 7.9 0.3] 8.3 0.2
" 3 | 0v6 001 3.1 0ea] &b 03] 505 0:2) 6.5 | 0.2 2% 0:2) %7 | Os2) 8.1 +0.2
M | 0.6 £ 0.0| 2.8 * 0.4} 4.3 £0.5| 5.5 0.4] 6.4%0.3] 7.3%0.3] 7.7 £0.3| 8.1 iLO.J
' % = Snails/tray; %% = Tray No.; M = Mean.
1 5/tray
last three had 40 snails. Measurements were
then made weekly and tabulations were made bi- 10 ——‘____,—-IOICny
weekly until the end of the twelfth week. et
B -’ ‘/./ZO/trgy
None o f the snails died during the entire = sl g 40/tray
observation period following the initial ar- !
rangement as established at the end of the 5 7
second week. As shown (Table 11) the largest g
snails developed in the aquaria with 5 snails E
per tray and had a mean shell length (=dja- =5
meter) of 11.3 mm at the end of the twel fth _g
week; somewhat smaller specimens (10. 2mm) ap- 4
peared in the trays with 10 per tray; still g
smaller ones (9.0 mm) developed in those with 3
20; and the smallest (8.1 mm) grewin the trays 2t
with 40 per tray. When these data were plot-
ted (Fig. 4) the effect of crowding on growth 1
was shown more clearly. These differences be-
came noticeable at the end of the second week. " 2 4 ‘sw 9 10 12
eeks

Following the logarithmic phase of growth at
the end of the fourth week, growth in all 4
groups was maintained at similar rates until
the end of observation period, as revealed by
the parallel growth curves. However, the cor-
relation between the value of standard devia-
tion and population size which was clearly
evident in Bulinus globosus, was not observed
in these data. The values for snails in all
4 groups were very similar beginning at the
end of the logarithmic phase of growth (the
end of the fourth week) and thereafter. The
differences ranged between 0.3 and 0.5 mm for
S-snail group; 0.4 and 0.5 mm for 10; 0.3 and
0.4 om for 20; and 9.3 and 0.4 mm for 40 snail
groups. Nevertheleu, although the mean shell
length value became smaller as the population
size increased, yet the values of the standard
deviation were essentially the same, therefore,
the statement ‘the more crowded the conditions,
the less uniform the size of the snails’ still
holds true. i

Fig. 4. Effect of crowding on mean shell length of B.
pfeifferi reared in tap water for 12 weeks ~

With relation to egg laying, all snails
started to lay eggs 3 weeks after hatching ex-
cept those in the trays containing 40 speci-
mens per tray. They started to lay eggs be-
tween the third and fourth weeks, which again
clearly indicated the effect of crowding on
the fecundity of these snails (Table 12). The
number of eggs laid per snail was also very
much influenced by crowding. It was highest
in the 5-snail group with 2072 eggs produced
over an B8-week period; somewhat lower in the
10-snail group with 1282; still lower in the
20-snail group with 548; and lowest in the 40-
snail group with 225, Hlen the number of eggs
laid per snail was tallied and plotted in a
graph, 4 distinct curves appeared, as shown
in Fig.
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Table 12. Bffect of crowding on fecundity (eggs/snail) of
B. pfeifferi reared in tap water for 12 weeks

Snails|Tray Weeks
/tray |No. 3 4 6 8 10 12 Total
1 35.4 208.0 229.4 353.6 519.4 583.0 | 1928.8
s - B8 | 55.2 219.0 338.2 674.4 619.8 556.2 2462.8
3 6.6 159.8 245.2 | 459.0 446.0 510.4 1827.0
Mean| 32.4 195.6 270.9 495.7 528.4 549.9 2072.9
1 9.9 93.1 156.7 238.3 376.1 312.4 1186.5
10 2 7.0 111.2 153.1 264.8 360.0 288.8 1184.9
i 3 24.6 130.0 204.5 372.1 397.5 347.4 1476.1
Mean| 13.8 111.4 171.4 291.7 377.9 316.2 . | 1282.4
1 3.6 26.3 58.2 94.3 131.9 148.5 '%62.8
20 2 0.1 30.6 60.5 82.7 175.2 187.7 536.8
3 5.5 42.5 60.3 121.9 195.9 218.1 544.2
Mean 3.1 33.1 59.7 99.6 167.7 184.8 548.0
1 0.0 8.0 26.9 46.0 60.7 85.6 225.2
%0 2 0.0 6.4 19.1 64.3 68.4 78.1 236.3
3 0.0 10.7 28.9 34.1 70.3 69.8 213.8
Mean 0.0 8.4 24.3 48.1 66.5 77.8 225.1
When those eggs were recorded according
to the laying sites as described previously, 2000 5/tray
another interesting pattern, different from
that found in Bulinus globosus, developed
(Table 13). In all of these 5-, 10-, 20- and 1500
40-snail groups, most eggs (i.e., 72.6%, 76.3%, "
71.5% and 74.8%, respectively) were on con- &8 .-"10/tray
tainer; some (i. e., 27.2%, 23.6%, 28.4% and ,: el
25.1%, respectively) were on lettuce; and the o 0 08
least (i.e.0.2%, 0.1%, 0.1%, and 0.1% respec- é
tively) were on shell. This same pattern of
egg-laying sites was again found to be rather 500 ~20/tray
consistent in most experiments using aerated A _/'/
tap water in the trays. It was also interest- —”’;:_-_:"//AO/tray
ing to note that while in Bulinus globosus 0 s e F .
R 3 4 6 8 10 12

snails, some 4.4% to 29.4% of the eggs were
laid on the shell of individual snails, in the
present experiment with Biomphalaria pfeifferi,
however, only few eggs, about 0.1% to 0.2%
were laid on the shell of individual snails.

The number of egg-masses laid was also
influenced by crowding. The total egg-masses
were 1,894, 2,821, 3,646 and 3,828 respect-
ively as the densities increased from 5 to 40
(Table 14). When the size of egg-masses were
grouped according to the number of eggs per
egg-mass, some interesting Tresults appeared
as shown in Table 14 and Fig. 6. In trays
with 5 snails per tray, 90.9% (12.1 + 28.2
+30.3 + 20.3) of the egg-masses were in the
group of 6-25 eggs/mass; with 10 snails, 86.8%
(24,2 + 34.2 + 28.4) of the egg-masses were in
the group of 6-20 eggs/mass; with 20 snails,
97.2% (17.4 + 48.7 + 31.1) of the egg masses
were in the group of 1-15 eggs/mass; and fin-
ally with 40 snails, 95.2% (24.7 + 70.5) of
the egg-masses were in the group of 1-10 eggs’

Weeks
Fig. 5. Effect of crowding on the number of eggs (cu-
mlatedg laid per B. pfeifferi d i t
water for 12 wgeks' - Ao

mass. From these data it appears that the
more the snails are crowded in each tray the
smaller the mean number of eggs/mass. In the
5-snail group the number was 16.4; in the 10-
snail 13.6; in the 20-snail, 9.0; and in the
40-snail, only 7.1 (Table 14). Vhen these
mean numbers of eggs/mass wereplotted against
elapsed time, 4non-overlapping curves appeared
as shown in Fig. 7. The mean number of eggs/
mass increased as the snails grew larger and
also were older.
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Table 13. Egg-laying sites of B. pfeifferi reared in tap water for 12 weeks.

L3 Tray No.
5 g %‘ 1 2 3 Total
99 &|Tot. | Egg-lay. site|ror, | Egg-lay. site|ror, | Egg-lay. site|ror, | Egg-lay. site
gy eggs C L S |eggs C L S |eggs C L S |e88s C L S
3| 177 148] 29| O] 276| 268 8l 0 33 9| 24| 0| 486] 425 61| O
4| 1040| 834| 206| Of 1095| 824 271f O 799| 432| 367| O 2934f 2090| 844 O
6| 1147 1013| 134| Of 1691| 968| 723] O] 1226| 326| 900| O 4064 2307|1757 O
8| 1768| 1561| 207| O] 3372| 2962| 410 O] 2295| 1853]| 442| O 7435| 6376(1059| O
- 10| 2597| 1849] 731| 17| 3099| 1966|1074| 59| 2230| 1646| 584 O| 7926| 5461]2389| 76
12| 2915| 1894|1021 Of 2781 2110| 671 Of 2552| 1912| 640| O 8248| 59162332 ©
T.| 9644| 7299|2328| 17|12314| 9098|3157| 59| 9135| 61 8|2957| 0]31093|22575(8442| 76
% 75.7}24.110.2 73.9]25.6]0.5 67.6]32.4|0.0 72.6(27.2{0.2
3 99 74| 251 O 70 0| 70| 0| 246 41| 205| O] 415 115| 300 O
4] 93%] 779 L2} O] 1112 98[1014] O| 1300| 1006| 294| Of 3343| 1883(1460| O
6| 1567 939| 628 O 1531| 922| 609 O 2045( 1927| 118| O] 5143| 3788|1355/ O
8| 2383| 2237| 146| O] 2648| 2485| 163| O| 3721| 3458| 263| O] 8752| 8180 572| O
- 10| 3761| 2789 972| O| 3600| 2348|1240| 12| 3976| 2466|1510| 0|11337| 7603|3722| 12
12| 3124 2266 858| O] 2888| 2283| 605] 0| 3474| 3234| 240| O] 9486| 7783(1703] O
T.|11865| 9084|2781| 0]|11849| B136]|3701] 12{14762|12132]|2630| 0(38476|29352(9112| 12
% 76.6/23.4|0.0 68.7[31.2/0.1 82.2|17.8(0.0 76.3]23.6/0.1
3 72 0 72 O 2 0 2l O 110 110 o] 0 184 110 7% 0
4] 525| 435| 90| O 612| 468| 144| O] 849| 720] 129| O] 1986| 1623| 363] O
6] 1162| 858| 304| O] 1208f 1011| 197/ 0| 1205| 956| 249] O] 3575| 2825| 750/ O
20 8| 1884| 1616| 268| Of 1653| 1569| 84 0| 2438| 2284| 154| Of 5975| S5469| 506/ O
10| 2636| 1456|1180 Of 3503| 1804|1694 5| 3917| 2908|1009 0|10056| 6168{3883| . §
12| 2969| 2308| 661 O] 3753| 1810|1921 22| 4361| 3195|1166 O|11083| 7313|3748| 22
T.| 9248 6673[2575| Q[10731| 6662|4042| 27|12880(10173(2707 0]32859(23508|9324| 27
% 72.2127.810.0 62.1(37.7]0.2 79.0/21.0{0.0 71.528.4/0.1
3 0 - -l - 0 - -l - 0 - -l - 0 - - -
4| 321| 269 52| O 257] 243| 14 O| 429 420 9] 0] 1007| 932) 75| ©
6| 997| 938 59| O| 762| 715| 47| O 1156| 1031| 125| O 2915| 2684| 231 ©
40 8| 1840| 1814| 26| O| 2572| 2318 245 9| 1363| 1030| 333] O 5775| 5162| 604| 9
10| 2426 1971| 455| Of 2734 2226| 501 7| 2811| 1428{1383| O 7971]| 5625|2339 7 .
12| 3423 2118|1305] O] 3123| 1730|1393] Of 2793| 1953| 840 O| 9339| 58013538, O
T.| 9007 | 7110(1897| O] 9448| 7232(2200| 16| 8552| 5862|2690 0]|27007|20204|6787| 16
% 75.9/21.1(0.0 76.5(23.3]0.2 68.5]31.5/0.0 74.8125.1(0.1
C = Container; L = Lettuce; S = Shell; T. = Total.
70} =
= s/trey
- - 10/tray
50 1 20/tray
[__Ju40/tray
o L
? 40
e
& 30t
o Y7 ;o T

Fi

g.

No.

6. Effect of crowding on the size of ¢ig-mass (=No. of eggs/egg-mass) of
B. pfeifferi reared in tap water for 12 weeks

of euzss/ gg-mass
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Table 14. Effect of crowding on the number and the size of egg-masses
of B. pfeifferi reared in tap water for 12 weeks

No. of egg-masses

Me egg-
Egzils/ Wks 22;21 In the range of (# eggs) magg Sgge
i -5 | 6-10[11-15[16-20] 21-25] 26-30] 31-35| "0tal | (eggs/mass)
3] sl 3wl P i 75 6.5
4| 203 19| 84| 97| a2 7 249 11.8
6 | 464l 8| 57| 182 58 7 312 13.0
. 8| 7435 6| 24| 103 146 | 103 | 26 4 | 412 18.0
10] 7926] 1| 15| 62| 148 | 142 | 35 4 | 407 19.5
12 | soe8l 2.0 21} 1w |2z} 27 5 | 439 18.8
Tot.|31093] 70 | 230 | 534 | 574 | 385 | 88 | 13 |1894 16.4
% 3.7 [12.1 J28.2 130.3 [20.3 | 4.7°] 0.7
3| as] nl 7 1 65 6.4
4 | 3363] 59 | 264 | 87 2 392 8.5
6 | 5143] 24| 237 | 216 | 20 495 10.4
8 {87s2] 11| sa] 218} 237 | &1 1 596 14.7
s 10 (11337 4 | 46| 219 | 310 | 103 5 687 16.5
12 | 9s86] 2| 41| 221 | 231 | 89 2 586 16.2
Tot.[38476] 131 | 682 | 966 | 801 | 233 8 2821 13.6
% 4.6 |264.2 [34.2 |28.4 | 8.3 | 0.3
No. of egg-masses Mean egg-
Snails/| p o |Total In the range of (# eggs) ; mass size
i ®88% 1o T 6-10]11-15]16-20]21-25] 26-30] 31-35| -0t2! | (eses/mass)
3% 308l 9] 2 30 6.1
4 | 1986] 210 | 149 6 365 5.4
6 | 3575| 198 | 369 | 10 577 6.2
s 8 | 5975| 102 | 366 | 200 6 674 8.9
10 {10056 78 | 498 | 413 | 17 1006 10.0
12 |11083| 38 | 374 | 505 | 77 994 11.1
Tot. |32859] 635 |1777 [1134 | 100 3646 9.0
% 17.4 |48.7 [31.1 | 2.8
3 0 0 0.0
4 | 1007| 242 | 18 260 3.9
6 | 2915 233 | 292 525 5.6
i 8 | 5775| 160 | 595 | 42 797 1.2
10 | 7971 177 | 879 | 33 1089 7.3
12 | 9339] 133 | 914 | 110 1157 8.1
Tot. [27007] 945 |2698 | 185 3828 il
2 24.7 |70.5 | 4.8
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Part 1l. Effect of Types of Waters on
Survivorship, Growth and Fecundity

A. Culturing Snails in Deionized
Distilled, Tap or Spring Water

1. Bulinus globosus

Distilled water, tap water and spring
water were used, and for each kind, three tray
cultures were tested on two separate occasions.
The data were tabulated biweekly through the
44th week. As shown in Table 15, survivorship
was generally good in all 3 waters used. In
the first two weeks after hatching, often con-
sidered as the critical period of life for
young snails, only 2 snails in each culture
died in both the distilled water and spring
water groups; none was lost in the tap water
group during thisperiod. Beyond this critical
period none died in any of the groups until
the end of the twelfth week. Between the
thirteenth and 44th weeks 2 snails died in
both the distilled water and spring water
groups, with 4 in the tap water group. There-
fore, at the end of the 44th week, survivor-
ship was the same with 73.3% (=11/15) of snails
surviving.

There were no significant differences in
growth rateas shown by the shell lengths among

20 }
i s
LOW
w15 |
L]
¢
]
@
H
&
@ 20/
tra
& e 4
-
°10 ¢
S
c
§ 40/tray
=
5
’I
9 3."% 6 8 10 12
Weeks

Fig. 7. Effect of crowding on the mean cgg-mass
size of B. pfcifferi reared in tap
water for 17 weeks
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all 3 groups (Table 15 and Fig. 8). The log-
arithmic phase in growth was complete at the
end of the fourth week; rather steep parallel
and linear growth curves were observed in all
3 groups throughout therest of the observa-
tion period with a mean shell length of 16.9
mm, 16.8 mm and 18.1 mm in distilled water,
tap water and spring water, respectively.

In terms of the number of eggs produced
during the 44 week period, there were signifi-
cant differences in the types of waters used
as shown in Table 16. It was obvious that
trays with distilled water were most suitable
for egg production; trays with tap water were
less so; and those with spring water were
least suitable. Altogether 57,231 eggs, or
4,480 eggs per snail, were laid in trays with
distilled water; 46,321 eggs, or 3,391 eggs
per snail, in trays with tap water; and 24, 384
eggs, or 2,053 eggs per snail in trays with
spring water. When the cumulative number of
eggs laid per snail was plotted, 3 distinct
groups appeared, asin Fig. 9. In all groups
the snails started to oviposit at the end of
the fourth week. The number of eggs laid by
snails in distilled water throughout the per-
i6od was always twice or more the number laid
by snails in spring water. The number laid
in tap water up to the end of the eighth week
was more or less the same as in spring water;

Table 15. Effect of distilled, taY and spring waters
on survivorship and shell length (X) (mm)
of B. globosus reared for 44 weeks

Types of waters
Weeks Distilled Tap Spring
# sur=| Shell |[# sur-| Shell |# sure]| Shell
vived ength |vived | length Jvived | length

0 15 0.8 15 0.8 15 . 0.8
2 13 5.0 15 4.5 13 4.6
A 13 9.0 15 7.7 13 8.7
6 13 10.2 15 9.3 13 10.3
8 13 11.2 15 10.5 13 10.9
10 13 11.7 15 11.2 13 11.6
12 13 12.2 15 11.6 13 12.0
14 13 13.1 15 12.1 12 12.8
16 13 | 13.4 15 | 12.6 12 |1
18 13 13.7 15 12.9 12 13.6
20 13 14.0 15 13.1 12 14.1
22 13 14.2 15 13.4 12 14.5
24 13 14.5 15 13.5 12 14.8
26 13 14.9 15 14.0 12 15.2
28 13 15.3 14 16.3 | 12 15.6
30 13 15.6 14 14.8 12 15.7
32 13 15.8 13 .| 13.3 12 16.2
3% 13 16.0 13 15.4 12 16.4
36 13 16.2 13 15.8 12 16.6
L 12 16,4 | 13 16.0 12 16.9
40 12 16,7 13 16.3 11 17.2
42 12 16.9 11 16.7 11 17.8
3 11 16.9 11 16.8 11 18.1
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Table 16. Effect of distilled, tap and spring waters on
fecundity of B. globosus rearcd for 44 wecks

] ] Types of waters
Wks Distilled Tap Spring

Tot eggs |Fass/ | Tot eggs |Ezus/ | Tot eggs [Fgrgs/

by (§§ snail by (#§ snail by (§§ snail

3 0 (13) 0 (15) 0 (13)

4 | 426 (13) | 32.8 49 (15) 3.3 ] 269 (13) | 20.7
6 [1671 (13) |128.5 |1016 (15) 67.7 [1119 (13) 86.1
8 12635 (13) |202.7 |2145 (15) |143.0 | 983 (13) 75.6
10 |1044 (13) 80.3 |1327 (15) 88.5 541 (13) 41.6
12 13527 (33) §312.5 Q1325 (15) 88.3 | 415 (13) 31.%
14 2926 (13) [225.1 |1416 (15) 94.4 |1121 (12) 93.4
16 2290 (13) |176.2 |2265 (15) |151.0 | 661 (12) 3551
18 |2265 (13) |174.2 |[1586 (15) [105.7 | 631 (12) 52.6
20 |2191 (13) |168.5 [1980 (15) |[132.0 | 654 (12) 54,5
22 |2000 (13) [153.8 |1355 (15) 90.3 |1088 (12) 90,7
24 3591 (13) |276.2 [1932 (15) |128.8 |1134 (12) 94.5
26 (3936 (13) [302.8 |1894 (15) 126.3 872 (12) 72.7
28 |4510 (13) [346.9 3463(14?5) 238.8 |1414 (12) (117.8
30 4538 (13) [349.1 |4091 (14) |292.2 | 817 (12) 68.1
32 [4227 (13) [325.2 |3710 (13) [285.4 |1714 (12) [142.8
34 [3104 (13) |238.8 |[3033 (13) [233.3 |1246 (12) [103.8
36 .|3518 (13) |270.6 [3095 (13) |238.1 977 (12) 8l.4
38 2929(12?5) 234,3 |3077 (13) |236.7 [1916 (12) [159.7
40 2452 (12) |204.3 |2052 (13) |157.8 2250(11%5) [195.7
42 3038 (12) [253.2 |2919(1175)[253.8 [2206 (11) 200.5
44 [2413 (11) |219.6 |2591 (11) |[235.5 (2356 (11) (214.2
Tot. |57231 4480.446321 3390.9]24384 2053.4

# = No. of survivors.

* The No. of survivors was not an inteier. because in each
of 4 cases, one individual died during the first half
of the 2-week period.

then there was a trend with 1.3 times or more
than laid by the latter until the end of the
whole period.

In the crowding effect experiments with
Bulinus globosus and Biomphalaria pfeifferi
the different typesof waters appeared to regu-
late the sites for egg-laying. Consequently,
in this study all eggs laid were also deter-
mined as to where they were laid. Data (Table
17) indicated some significant differences
among the types of waters used. In distilled
water 67.4% of the eggs were laid on the con-
tainer; in tap water 50.8%; and in spring wa-
ter, only 28.9% On the other hand, the per-
centage laidonlettuce was 23.8% in distilled
water, 36.3% in tap water and 57.1% in spring
water. Finally, the percentage of eggs laid
on shells of individual snails was always
smallest among the 3 sites observed, with 8.8%
in distilled water, 12.9% in tap water and
14.0% in spring water.

Since in the foregoing observations the
types of water used affected the numbers of
eggs laid and the sites at which they:  were
laid, these three kinds of water from trays
with 24-week oldsnails were sampled to deter-
mine some of the minerals present in the cour-

18
17
16

Mean shell length (mm)

~N

33

Distilled

s . SPTATIE

4300

- F 2

No. of eggs

g

16 20 24 28 32 36 40 44
Weeks
Fig. 8. Effect of distilled, tap and sg:in; waters
on mean shell length of B. globosus reared
for 44 weeks

4 8 1}

s Dhgtilled
mee-ia= Tap

e Sprin‘
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Weeks
Fig. 9. Effect of distilled, tap and spring waters

the number of e 5; (cumlated) laid per
B. globosus reared for 44 weeks



Table 17. Effect of distilled, tap and spring waters

on egg-laying sites of B.

for 44 wecks

globosus reared

Table 18. Analyses of distilled,
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Weeks

Types of waters

Distilled

Tap

Spring

Tot.
eggs

Egg-lay. site

C

L

S

Tot.

|eggs

Egg-lay. site

C

E

S

Tot.
eggs

Egg-lay. site

C

L

@ N> w

10

0
426
1671
2635
1044

401
1273
2278

906

259
139
12

25
139

0
49
1016
2145
1327

49
832
1408
888

47
438
184

137
299
255

269
1119
983
541

253
644
638
260

16
331
190
101

12
14
16
18
20

1527
2926
2290
2265
2191

1210
2679
1655
1844
1873

179

342
277
164

1325
1416
2265

1586 |

1980

B4B
1079
1634

938
1050

107

92
396
456
699

370
245
235
192
231

415
1121
661
631
654

196
658
354

72
267

62
3n
236
460
328

undrgri t taken
from trays with 24-week old B. g oh::us s
: Types of waters .
o Distilled i Tap Spring
* 'S *
0 4 7 0 Y 7 0 4 7
Alkalinity (asppnCaCO3)
Carbonate 0.0{ o0.0{ o0.0f o0.0f{ o0.0f o0.0] o0.0] o0.0] 0.0
Bicarbonate 10.0/100.0{110.0| 60.0{140.0]155.0]340.0 290.0| 310.0
Chloride (as ppm C1) 5.0f 20.0| 22.5| 42.5| 57.5] 60.0 .85.0{100.0{107.5 .
Hardness (as ppm CaC0,)
Total ** 1115.0{120.0 75.0.155.0 145.0 k65.0 445.01435.0
Calcium ** | 95.0{100.0| 40.0{105.0{105.0/330.0/330.0 320.0
Magnesium *% | 20.0| 20.0{ 35.0| 40.0 40.0(135.0/115.0{115.0.
Nitrate & nitri i
g i nitrogen| .03| 0.48| 0.52| 0.60| 0.36 0.22 0.25] 0.38] 0.50
pH value 6.60| 7.40| 7.25| 7.40| 7.25| 7.50} 7.40{ 7.80] 7.75
Sulphate (ppm) 2.0} 16.0| 17.0| 75.0| 88.0} 96.0| 65.0| 89.0| 97.0

22
24
26
28
30

2000
3591
3936
4510
4538

1516
2369
3096
2958
2207

227
769
311
1300
1774

1355
1932
1894
3463
4091

931
1037
1165
1402
1989

369
458
249
1489
1679

55
437
480
572
423

1088
1134
872
1414
817

658
247
472
321
128

207
568
266
8l4
521

223
319

279
168

E8E

4227
3104
3518
2929
2452

2753
1274
1752
1764
1963

774
1596
1626

955

461

3710
3033
3095
3077
2052

1878
1634
1130
932
973

1301
1101
1567
1695

944

531
298
398
450
135

1714
1246

977
1916
2250

128
17
279

1194
923
744

1512

1750

289
195
216
125

3038
2413

1113
1669

1631
653

2919

2591

986
746

1793
1767

140
78

2206
2356

337
479

1562
1770

307
107

57231

38553

13616

46321

23529

16831

5% 1 e384

7040

13926

67.4

23.8

50.8

36.3

12.91

28.9

57.1

14.0

C = Container; L

3

= Lettuce; § = Shell.

* = Days after introduction of snails.

in Table 1

Data

#*%* Concentration below the measurable level.

on day O were same as those shown

12}
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se of snail development, as shown in Table 18.
The data indicate that stability was reached
in all three waters by day 4. The ratio of
bicarbonate alkalinity in distilled, tap and
spring waters was 1 : 1.4 : 2.9 for the 4-day
period; of chloride, 1 : 2.9 : 5; for total
hardness, 1 : 1.3 : 3.9; for nitrate and ni-
trite nitrogen, 1:0.8 : 0.8; and for sulphate
1 :5.5: 5.5 While the pH values in dis-
tilled water and tap water were about the same
for 4-day period, in the spring water it in-
creased to 7.8 over the same period. This
di fference suggested that bicarbonate alkali-
nity, chloride, total hardness, or a combina-
tion of them, was influencing both the number
of eggs laid and the sites at which they ap-
peared.

2. Biouphalaria.pfeifferi

For this study the following four kinds
of water were used: deionized water, distilled
water, tap water and spring water. One tray
was used foreach kind of water, the data were
tabulated biweekly through the 33rd week. Sur-
vivorship is shown in Table 19 In both the
deionized and the distilled water all snails
survived throughout the entire period; in tap
water 4 out of 5 snails survived; and in spring
water only 3 out of 5 survived. Since only

Table 19. Effect of deionized, distilled, tap and spring
waters on survivorship and shell length (X)
(mm) of B. pfeifferi reared for 33 weeks

) '-l'_y'pes of waters
Weeks| pejcnized | Distilled Tap Spring
S | St £'] St s [ sL s | sL
0 51 0.6 5[ 0.6 s | o.6 51 0.6
2 5 |ote 51 3.6 s 5 5| 6.1
3 5 %0 $1is " 2 51 2.8
5 5 8.2 L 4 8.2 5 .8
7 5] 2.9 .| e.2 4| 8.8 5 L9
9 5] 9.4 50y 451 9.2 S b Me1
11 51 9.6 S AL A U
12 5| 9.7 s e o | 10.3 s | 9.8
B R G VMR I T B Yl R
17 5 | 10.1 5 | 10.1 4 | 10.4 3|
19 5 | 10.3 5 1 10,5 & | 10.9 3 ; 10,7
2} 5| 1C.4 5 ] 10.6 4 | 11.1 3| 10.9
23 5 | 10.7 5 | 10.5 4 | 11.3 3 11.2
25 5 | 10.8 5 122z 4 | 11.6 3 21.8
27 $ i L G 4 | 11.3 3 e
29 | 5|1 5 11164 4 | 121 3 j 12.1
31 o BT 5| 11.5 o | 12.2 3 Ay
33 5| 1.e 5 | 11.5 4| 12.3 3| 12.4

S = No. of survivors; SL = Shell length.

5 snails were tested

and Fig.

No differences appeared in
among those 4 kinds of water tested (Table 19

10).

in each group,

35

the sig-
nificance of these differences remains ques-
tionable.

shell length

The lagarithmic growth was at-

tained at the end of the third week; parallel

linear

growth curves, which

than those found in Bulinus globosus,

ued until the end of the 33rd week;
means in shell length
12.3 mm and 12. 4 mm
tilled water, tap water and spring water

pectively.

in Bulinus globosus.

milar

were 11.6 mm,
in deionized water,

were less steep

contin-

the final

11.5 mm,

dis-
res-

In terms of the number of eggs laid by
these snails during the 33 week period,
pattern was slightly different from that found
the de-

ionized water and the distilled water had si-

patterns

eggs per snail
per snail

only 3,792 eggs per snail (Table 20).

in reproduction,

Snails in both

the

with 4, 352

in the former and 4,689 eggs
In tap water there
were 5, 454 eggs per snail, and in spring water

in the latter.

These

differences were shown even more clearly when
the number of eggs laid per snail was plotted

on a cumulative basis
The steepest slope occurred with tap water;

as shown

in

Fig.

2 I8

medium slope appeared with both deionized and

Table 20. Effect of decionized, distilled, tap and spring
ggterspon fecunlity of B. pfeifferi reared for
wecks

Types of waters

Deionized

Distillcd

a

Spring

"oy 8

I s/
snail

Ty oﬁs; Esgs/

by snail

T,
rsye%§§

Eggs/
snajl

"oy tH

Fges/
snail

o(5)

143(5)
1150(5)
1532(5)
1717(5)

28.6
230.0
306.4
343.4

0(5)
104(5) | 20.8
1134(5) [226.8
1274(5) [254.8
1309(5) [261.8

0(5)
367(4)
1199(4)
1212(4)
1108(4)

91.8
299.8
303.0
277.0

0(5)
168(5)
812(5)
867(5)
642(5)

33.6
162.4
173.4
128.4

=lo N U w N

1
13
15
17
19

1280(5)
1192(5)
1534(5)
1712(5)
1767(5)

256.0
238.4
306.8
342.4
353.4

2064(5) |412.8
1689(5) 337.8
1534(5) | 306.8
1617(5) [323.4
1951(5) |390.2

1804(4)
1181(4)
1028(4)
1256(4)
1818(4)

451.0
295.3
257.0
314.0
454.5

1288(5)
1103(5)
1148(3)
590(3)
906(3)

257.6
220.6
382.7
196.7
302.0

21
23
25
27
29

1551(5)
1726(5)
1697(5)
1296(5)
1446(5)

310.2
345.2
339.4
259.2
289.2

1378(5) [275.6
1774(5) [354.8
2012(5) (402.4
980(5) |196.0
1736(5) |347.2

1653(4)
1998(4)
1836(4)
1116(4)
1481(4)

413.3
499.5
459.0
279.0
370.3

752(3)
922(3)
1234(3)
1039(3)
875(3)

250.7
307.3
411.3
346.3
291.7

3
33

1616(5)
402(5)

323.2
80.4

1786(5) |357.2
1105(5) |221.0

1534(4)
1225(4)

383.5
306.3

513(3)
470(3)

171.0
156.7

Tot

21761

4352.2

23447 |4689.4

21816

5454.3

13329

13792.4

T. = Total; # = No. of survivors.
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Fig. 11, Bffect of deionjzed, dg:.f.l d and spri ters on th
gt_;nx:k: eggs c\lmlatcs } f.lq‘ﬂr B. ggzl?&r n:nd for
Table 21. Effect of deionized, distilled, tap and spring waters on
egg-laying sites of B. pfeifferi reared for 33 weeks
Types of waters
Deionized / Distilled Tap Spring
Wks Tot. |Egg-laying site |Tot. |Egg-laying site|Tot. [Egg-laying site |Tot. [Egg-laying site
; eggs ¢ L S |eg8s C L S |eggs C L S |cg&gs C L S
2 0 0 0 0
3 143 83 60 O 104| 104 @l op 3621 2091 1581 O] 1681 168 O o)
5 | 1150| 1056 94| 0} 1236 72el 3561 O) 1E998 “5B31. e161 0 BLZ{ 1595 65310
7 | 15321 1286]" 226} 20{ 1274] 1115¢ 159 OF 1212¢ '850} 362| 0Of 867| 6501 217} O
9 1 17174 1339} 378] ©] 1309]| 1293 16) O] 11081 723| 385 0| &42] 237 405| 0
11 | 1280| 1067| 213] Of 2064| 1698| 366 Of 1804| 1011| 793| O] 1288} 178| 1110| O
13 | 1192| 1040| 152| O] 1689| 1689 o ) R o - b R e i 0 0 -0 S 0 0 B R
15 | 1534| 1088| 446| O] 1534| 892| 642| O 1028| 229| 799| O] 1148] 257| 891| O
17| 1712} 1049]  663| 0f 1617) 1073] 544) -0} 1256| SaB| 7081 O] 390 o F i (o] e
19 | 1767] 10421 7251 - 08 1951) 1175f 777] O} 1818 992} BZ6| - 0] 906} 324|: 5824 0
21 ] 1551| 669] 882] O 1378] 834] 544| O} 1653] 214| 1439] 0| 752 54| 698 O
23 11726171170 5561 0] 1774] D68 BO6| 0§ 1998 526 . 1432] 0] 92231 285]  B37] O
25| 1697| 1074 623| O} 2012|.1348| 664 O] 1836| 787| 1049| O 1234| 154| 1080}. O
27 | 1296] 797] 499| O] 980| 600| 380| O] 1116y 400| 716| O 1039| 615] 424 O
29 | 1446 376| 1070| 0| 1736| 636| 1093| 7| 1481| 221| 1260f O| 875| 190| 685 O
31 | 1616] 282] 1334] O} 1786 567] 1199| 20f 1534] 137] 1397] O] 513 0] 488| 25
33 4021 991 303} 0] 1105] 505] 583| 17] 1225] 643 S563] 19] &70 80| 364| 26
Tot {21761|13517| 8224| 2023447 (15274| 8129 | 44(21816| 8755|13011| 50{13329| 3932 9325|°72
% 62.1| 37.8/0.1 65.1| 34.7]0.2 40.1} 59.7]0.2 29.5] 70.00.5

C = Container; L = Lettuce; S = Shell.
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Table 22. Effect of iltemtion of uien (Dis—sSpr—sTap—adis)
on egg-laying sites of B. globosus
e Experimental trays i Control trays
ofo Egg-laying site Egg-laying slite
':F.gk. ::?1 z:;:l Container| Lettuce Shell HzOA ‘:‘:;:1 Cont.uin:f Lettﬁce Shell b
gigﬁ No.| % No.|{ % |No. s No.| % No.| % No.| %
0-3 |Dis 0 Dis 0
3 4-12] » | 50243844|76.5] 771[15.4]|409| 8.1 » | 5674| 4903|86.4) 467| 8.2| 304| 5.4
= |13-17|Spr| 3342{1707|51.1}1277{38.2|358(10.7| » | 5597| 4742|84.7| 490| 8.8| 365] 6.5
@ [18-22|Tap| 2703]|1031(38.1§110841.0{564]20.9] = | 4538 3273|72.1| 815{18.0] 4350} 9.9
.8 |23-27|pis| 6713|4200|62.6]1926{28.7|587| 8.7| = 7864| 4633|58.9[1953]24.8[1278(16.3
Total 17782 * ¥* * L * 2367317551 (74.2]3725/15.7]2397{10.1
0-3 |Tap 0 Tap 0
4-12| » | 5818)3851)66.2/1725(29.6|242| 4.2 » | 4654| 3263|70.1] 696{15.0] 695 14.9
i- 13-17|Dis| 4755(3883|81.7| 737|15.5]|135{ 2.8| = 4331) 3181|73.4| 662|15.3| 488(11.3
& 118-22|Spr| 1967| 455/23.1{1415{72.0] 97| 4.9]| = 3112| 1863]59.9| 766|24.6| 483|15.5
23-27|Tap| 67913371(49.6]302244.5{398] 5.9| = 5651) 3125]|55.3| 765|13.5/1761]31.2
Total 19331 = ¥* * * 1 ® * 1774811432 |b4.42889]16.3|3427]19.3
| 0-3 |Spr 0 Spr 0
! 4-12| » | 1020 4B2|47.3]| 489(47.9| 49 &4.8) » | 2086| 1259|55.5| 652(31.3] 275(13.2
7 13-17|Tap| 4563)3296(72.2| 701]15.4|566[12.4] « | 2443 83934.311160|47.5]| 444(18.2
& 18-22|Dis| 4866|3684 (75.7| 719|14.8]|463| 9.5 w 700 107§15.3| 404|57.7] 189]27.0
23-27|Spr| 422611326(31.4|2175(51.5/725]17.1| w 2952 638121.61625(55.1| 689(23.3
Total 14675| * ¥* * * | % i B181| 2743]33.5|3841(47.0[1597(19.5
#* = Not applicable.
distilled water; and the lowest slope with a) Dis ~p Spr —» Tap —» Dis

spring water.

The sites of egg-laying were also closely
related to the kinds of water used (Table 21).
The patterns observed were essentially the
same as those observed in Bulinus globosus
described earlier. The eggs laid on container
in both deionized and distilled water were a-
bout the same, with 62.1% in the former and
65.1% in the latter; in tap water it was 40.1%
and in spring water only 29.5% The eggs laid
on orunder lettuce were, therefore, the other
way around,with 37.8%, 34.7%, 59.7% and70.0%
for deionized, distilled, tap and spring, re-
spectively. Only a small percentage of eggs,
ranging from 0.1% to 0.5% were laid on the
shells of individual snails in all 4 kinds of
water.

B. Culturing Snails in Trays while
Alternating the Types of Waters

Previous studies (see Tables 17 and 21)
indicated that snails demonstrated specific
behavior patterns of egg-laying in response to
the types of waters used. To confirm this re-
lationship, snails were cultured in trays in
which the types of wwters were periodically
altered.

1. Bulinus globosus
The three kinds of water used were alter-

nated in two different sequential orders, as
follows:

Distilled water, tap water and spring
water were used, 2 trays for each type of wa-
ter, to make a total of 6 trays. Newly hat-
ched snails were cultured until the end of
the twelfth week, atwhich time their respect-
ive patterns of egg-laying sites were deter-
mined. In the distilled water most of the
eggs were laid on the container; in the tap
water there was a moderate amount; and the
spring water had the least. At the beginning
of the thirteenth week, snails in half the
trays (=3) were designated as ‘experimental
group’ thereafter, and they were subjected to
a change of water with weekly renewal of the
same kind of water for the next 5 weeks, at
which time the next type of water was used.
Snails in the remaining three trays, designated
as ‘control group’ thereafter, were also fur-
nished with weekly change of water but the same
type of water was used throughout the whole
study period. Altogether two such experiments
were made on two separate occasions and the
data are combined as shown in Table 22.

In groups started with distilled water,
the percentages of eggs laid on container in
both of the experimental group and the control
group were in the same order to the end of the
twel fth week, with 76.5% for the former and
86. 4% for the latter. While the overall per-
centage of eggs laid on container in the con-
trol group remained at 74.2% (with a range of
58.9% to 86,.4%) for the entire period, these
percentages in the experimental group varied
according to the types of water used; 51.1% in
spring water, 38.1% in tap water and 62.6% in
distilled water. Similarly in groups started
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Table 23. Effect of alternation of waters (Dis—eTap——sSpr——aDis)
on egg-laying sites of B. globosus
el Experimenta; trays Control trays
w Egg-laying site Egg-laying site
§§E Weeks :;3 :g;:l Container | Lettuce Shell ::: :g;:l Container Litt:ce Shell
o No.| % | No.| % [No.| % No.| % | No.[% |[No.| %
0-3 |Dis 0 1 Dis 0].
% 4=12| » | 252311976 (78.3) 311|12.3|236{ 9.4| » | 1961/1551]79.1] 267|13.6143] 7.3
E 13-17|Tap| 1637) 518(31.6| 772(47.2|347(21.2| w | 2741|1846|67.4| 716{26.1|179| 6.5
2 18-22|Spr| 1441| 816|56.6| 452(31.4(173[12.0( » | 2683|2054|76.6| 323[12.0306(11.4
& |23-27|Dis| 3483}2027)58,2/1267/36.4|189| 5.4| » | 3792]1927(50.8|1694|44.7|171] 4.5
Total 9084 |- * * * L * 11177|7378166.0|3000[26.8/799| 7.2
0-3 |Tap 0 Tap 0
4=12) » 127211158 (91.1| 83| 6.5| 31| 2.4| » | 1877]1481(78.9| 340|18.1] 56| 3.0
a |13-17(Spr| 1332| 606 45.5| 542|40.7|184]13.8( » | 2007(1152{57.4| 736|36.7[119] 5.9
& |[18-22|Dis| 3826(3138|82.0| 497|13.0/191| 5.0| w | 1266} 741|58.5| 474[37.5| 51| 4.0
23-27|Tap| 4234]|2735|64.6| 926(21.91573|13.5] » | 4550/3674(80.8| 548]12.0(328] 7.2
Total 10664 * * * * | % * 9700|7048 [72.7]2098 |21.6|554| 5.7 -
0-3 |Spr 0 Spr 0 .
2 4=124 » 580 135)23.3| 295|50.8{150]25.9| » 973| 343|35.2| 494|50.8(13614.0
£ [13-17 |Dis| 2222|1590|71.6| 430(19.3{202( 9.1| » | 1740| 962|55.3| 682|39.2| 96 5.5
B [18-22|Tap| 2457|1429|58.2| 347|14.1|681[27.7| w» | 2295{1449]63.1| 658(28.7/188] 8.2
@ 123-27|spr! 1023| 54| 5.3| 853(83.4]116|11.3| » | 2751] 785/28.6(1635[59.4(331[12.0
Total 6282| * * * | ® * 775913539 |45.6 |3469 [44.7|751| 9.7

_ % = not applicable.

with tap water, thepercentage of eggs laid on
container in the experimental group (66.2%) at
the end of the twel fth week matched well with
that of the control group (70.1%). The over-
all percentage of eggs laid on container in
the control group was 64.4% (with a range of
55.3% to 73.4%) for the entire period. In the
experimental group, the percentages also var-
ied according to the types of water used; i.e.,
81.7% in distilled water, 23.1% in spring wa-
ter, 23.1% in spring water and 49.6% in tap
water. Finally, in the groups started with
spring water, the percentages on container a-
gain were similar to the end of the twelfth
week as between the experimental group (47.3%)
and the control group (55.5%). The overall
percentage in the latter was 33.5% (with a
range of 15. 3% to 55.5%) for the whole period;
while in the former, the percentages again
varied according to the types of water used:
72.2% in tap water, 75.7% in distilled water
and 31.4% in spring water.

b) Dis ~—» Tap ~—» Spr —» Dis

Snails were also cultured in distilled,
tap or spring water, and for each type of wa-
ter two trays (a total of 6) were used. Half
of the trays (3) were designated as ‘experi-
mental group’ and subjected to experiment, and
the remaining 3 trays served as ‘control group.
Only one set of observations wasmade, and the
results, which were similar to the ones found
just above, are shown in Table 23. Up to the
end of the twelfth week, in groups started
with distilled water, the percentage of eggs
laid oncontainer was 78. 3% in the experimental
group and 79.1% in the control group. While
the overall percentage in the control group
for the entire period was maintained at 66.0%
with a range of 50.8% to 79.1%), the percent-

ages in the experimental group varied accord-

ing to the types of waters used; 31.6% in tap
water, 56.6% in spring water and 58. 2% in dis-
tilled water.

In groups started with tap water, up to
the end of the twelfth week, the percentage
on container was 91.1% for the experimental
group and 78.9% for the control group. The
overall percentage for the control group was
maintained at 72.7% (with a range of 57.4% to
80.8%), but thepercentages for the experimen-
tal group again varied according to the types
of waters used: 45.5% in spring water, 82.0%
in distilled water and 64.6% in tap water.

In groups started with spring water, the
percentage on container up to the end of the
twel fth week was 23.3% in the experimental
group and 35.2% in the control group. The
overall percentage in the control group was
45.6% (with a range of 28.6% to 63.1%) for the
entire period of time but the percentages in
the experimental group again varied according
to the types of waters used: with 71.6% in
distilled water, 58.2% in tap water and 5.3%
in spring water.

In summary,it was found that, regardless
of the order inwhich waters were used, almost
without exception snails laid most of their
eggs on container when they remained in dis-
tilled water and they laid the least on that
same site when they were phecdd in spring wa-
ter. In tap water, the patterns of egg-laying
were somewhat irregular.

2. Biomphalaria pfeifferi

Newly hatched snails were cultured in de-
ionized, distilled, tap and spring waters, two
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Table 24. Effect gf gltemation ()
] on egg-lay

wal

39

E:Hf.gbii—abh—.hp—»pr—obd)

ng sites of B. pfeifferi
gn.‘ Experimental trays Control trays
Egg-laying site Egg~laying site
iﬁ; Weeks |20 'fotal Container| Lettuce | Shell “22 i Container | lettuce | Shell
] used|©88S used |€88S
£3a No.| % No.| % [No.| % No.| % No.| % [No.| % :
s | 0=2 |Dei 0 Dei 0
3-9 | » | 3817(2794|73.2|1023(26.8| O |0.0| » | 4542| 3764|82.9| 758|16.7(20 [0.4
y 10~11|Tap| 1344| 475|35.3| 869(64.7| O (0.0} » | 1280| 1067|83,4]| 213{16.6| O {0.0
© |12-13|Dis| 1774|1774{100.0 0] 0.0] 0 |0.0] » | 1192] 1040(87.2}] 152|12.8} 0 |0.0
i 14-15|Sprq{ 1812| 529/29.2[1283{70.8| O {0.0| = | 1534| 1088)|70.9| 446|29.1} O |0.0
§ |16-17|Dei| 1344/1020175.9) 324124.1| O |0.0( w» | 1712| 1049(61.3| 663|38.7| 0./0.0
« |18-19|Tap| 1961(1691(86.2| 270{13.8] O |0.0| » | 1767| 1042|59.0| 725|41.0| O 0.0
& 20-21|Dis| 1538| 613|39.9| 925{60.1 O |0.0| » | 1551| 669|43.1] 882]56.9] 0 |0.0
22-23|Spr| 1299| 59| 4.5|1241(95.5| O |0.0| » | 1726| 1170|67.8] 556|32.2| 0 |0.0
24-25|Dei| 1920|1467|76.4| 453|23.6| O |0.0]| = | 1697| 1074]63.3] 623{36.7| 0 |0.0
Total 16809 * ¥* * * | * 17001{11963|70.4/501829.5/20 {0.1
0-2 |Dis 0 Dis 0
3-9 | » | 3354|2578(76.9| 776{23.1| O [0.0| » | 3821| 3290|86.1| 531]|13.9]| 0 |0.0
10-11|Spr| 804| 40| 5.0| 764195.0] O |0.0| » | 2064| 1698{82.3| 366|17.7| O [0.0
g 12-13|Dei| 1205] 943{78.3| 262{21.7| O |0.0| » | 1689 1689(100.0 0{ 0.0/ 0 |0.0
= 14-15|Tap| 1783| 944(52.9| 839(47.1| O {0.0| w | 1534| 892|58.1| 642(41.9| 0 |0.0
3 |16-17|Dis| 1276| 855{67.0| 421{33.0| O |0.0| w | 1617| 1073|66.4| 544{33.6| O (0.0
2 |18-19|Spr| 1072f 17816.6| 894(83.4| O |0.0| w | 1951| 1174|60.2| 777(39.8]| 0 |0.0
8 120-21|Dei| 1488| 388{26.1{1100]/73.9| O [0.0| w» | 1378] B34|60.5| 544[39.5| 0 [0.0
22-23|Tap| 1556 143] 9.2(1413{90.8| O |0.0| w | 1774| 96B|54.6| BO6|45.4| 0 {0.0
24-25|Dis| 1800|1387(77.1| 413]22.9] O [0.0f » | 2012| 1348{67.0| 664|33.0} 0 [0.0
Total 14338 o * L B 17840[12966|72.7|4874(27.3| 0 (0.0
0-2 |Tap 0 [Tap 0 1 T
3-9 | w | 4416)2528|57.2/1888|42.8| O |0.0) « | 3886) 2365/60.9/1521{39.1|{ 0 |0.0
10-11{Dei| 1572|1195|76.0| 377{24.0| O |0.0| » | 1804] 1011|56.0| 793|44.0| O |0.0
12-13({Spr| 1086| 501|46.1| 585(53.9|{ O |0.0] » | 1181| 682|57.8| 468(39.6|31 |2.6
14-15|Dis| 1854]1242(67.0| 612|33.0| O |0.0| » | 1028{ 229(22.3| 799|77.7| 0 |0.0
& |16-17|Tap| 1988| 697|35.1{1291|64.9| O [0.0f » | 1256| 548|43.6{ 708{56.4| 0 |0.0
& 118-19|Dei| 2450|1731|70.7| 719/29.3] O |0.0| « | 1818| 992|54.6] 826|45.4| O [0.0
20-21|Spr| 1462| 320[21.9{1142|78.1| O |0.0| w» | 1653] 214{12.9{1439(87.1| 0 |0.0
22-23|Dis| 1609| 967|60.1| 642(39.9| O |0.0] » | 1998 526|26.3|1472{73.7| O |0.0
24=25|Tap| 2025| 235|11.6(1790/88.4| O [0.0] » | 1836| 787|42.9/1049{57.1] O |0.0
Total 18462| =* s * bolll e 16460 | 7354(44.7]9075]55.1]31 |0.2
0-2 |Spr (4] Spr 0
3-9 | » | 3275| 693121.2(2582(78.8| O |0.0| » | 2489] 1214|48.8]|1275/51.2| 0.]0.0
10-11{Dis| 2717|2127(78.3| 590(21.7| O |0.0| « | 1288]| 178/13.8{1110(86.2| O (0.0
12«13|Tap| 1839]1451(78.9| 369({20.1{19 }1.0| » | 1103| 581|52.7| 501{45.4]21 [1.9
% [14-15|Dei| 2361 (1844 78.1| 517]21.9| O [0.0| » | 1148| 257|22.4| 891]77.6| 0 |0.0
T [16-17|Spr| 1375| 307(22.3]|1068(77.7( O [0.0| w 590 0| 0.0| 590[100.0{ 0 0.0
& |18-19{Dis| 1999/180990.5| 168| 8.4f22 |1.1| » 906| 324(35.8| 582(64.2| 0 (0.0
20-21|Tap| 1466 848|57.8| 618]42.2| 0 [0.0] = 752 54| 7.2| 698)92.8| 0 |0.0
22-23|Dei| 2250|1335{59.3| 915|40.7| O |0.0} w 922| 285(30.9] 637/69.1] 0 |0.0
24-25|Spr| 1465| 213/14.5({1252|85.5| O |0.0] » | 1234]| 154]12.5]1080|87.5| 0 0.0
Total 18747 =* % * * |k | * 10432 | 3047129.2{7364|70.6[21 {0.2
* = Not applicable.
trays for each typeofwater, totaling 8 trays. of water were alternated in such a way that

Snails were cultured in this way until the end
of the ninth week, when the specific patterns
of egg-laying siteswere observed ineach tray.

That is, in two trays started with deionized
water, the percentages of eggs laid on con-
tainer were 73.2% and 82.9% in two trays

started with distilled water, they were 76.9%
and 86.1%; with tap water 57.2% and 60.9%; and
finally with spring water 21.2% and 48.8%
(Table 24).

At the beginningof the tenth week, trays
with each type of water were divided into two
parts so that four trays were subjected to ex-
periment (=experimental group) and the remain-
ing four trays served as control (=comtrol
group). In the experimental group, the types

snails from a tray with onetype of water were
maintained in a tray with another type of wa-
ter for the next two weeks with weekly water
replacement before the snails were transferred
to a tray with the still next type of water.
Altogether, there were 32 counts of water al-
ternations; 8 with deionized, 8 with distilled,
8 with tap and 8 with spring. In the control
group, the weekly replacement was made with
the same kind of water throughout the whole
study period.

While in the control group the overall
percentages of eggs laid on container were
70.4%, 72.7%, 44.7% and 29.2% in deionized,
distilled, tap and spring waters, respectively;
those percentages in the experimental group
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‘Table 25. Effect of calcium, magnesium and calcium-magnesium
waters on shell length (X) (mm) of B. globosus
reared for 16 weeks (Spring and distiliea waters

served as control)

Types of Weeks

waters 5l 3L s Rl sl wl ]kl
Calcium 0.8 2.1| 3.2| 7.4] 8.5] 9.5|11.0/12.3]12.6
Magnesium 0.8] 1.9] 5.7] 8.0] 9.5{10.2(11.9]12.5]12.8
g:é:ig?;m 0.8 2.0| 3.4| 7.8] 9.2]10.3]|11.9]12.8]13.1
Spring 0.8] 3.2| 5.2 8.5] 9.4]10.1]11.5)12.4]12.9
Distilled 0.8]| 2.2| 4.0| 8.7] 9.910.511.111.7]12.2

varied according to the types of waters used.
On the whole, when the trays were provided
with deionized water, 7 out of 8 counts had
59.3% to 78.3% of the eggs laid on container;
and the last count, 26.1%, was found during
the period of the twentieth to twenty-first
week in the tray initially started with dis-
tilled water. When the trays were provided
with distilled water, again 7 out of 8 counts
had 60.1% to 100.0% of eggs laid on container
and among them 5 counts were between 60.1%
and 78. 3% and thelast count was found as low
as 39.9% during the period of the twentieth
to twenty-first week in the tray initially
started with deionized water. When trays had
tap water, the patterns of egg-laying were so
variable as to be hard to follow; the range
was between 9.2% and 86.2% The trays with
spring water developed patterns of egg-laying
which were most consistent; all 8 counts were
found below 50% with a range between 4.5% and
46. 1%.

In summary, theeggs inboth the deionized
and thedistilled water had most eggs deposited
on container, butin spring water the smallest
amounts were laid at this same site. In tap
water, the patterns of egg-laying were quite
inconsistent. :

C. Culturing Snails in Calcium, Magnesiunm
or Calcium-Magnesium Water

Previous chemical analyses (see Table 18)
suggested that the total hardness, composed
of calcium hardness and magnesium hardness,
might be a factor affecting the number of eggs
laid by snails and the sites on which they
were laid. Consequently, snails were cultured
in calcium, magnesium, as well as a combined
calcium-magnesium waters. Springanddistilled
water served as controls.

. was found that

1. Bulinus globosus

Al together 5 trays were used, one for each
kind of water. Each tray contained 5 snails,
and none died in any of the trays during the
16 week period. Judging from the excellent
survivorship it appeared that neither the
calcium nor the magnesium in the water adver-
sely affected the snails. There were also no
significant differences in the rate of growth
among the 5 groups tested (Table 25 and Fig.
12). Although to the end of the fourth week
slower growth appeared in snails in both the
calcium water and the calcium-magnesium water
groups (perhaps also in the distilled water
group), these differences became insignificant
after the sixth week. The snails in all five
groups completed their logarithmic growth at
the end of the sixth week, which was about two
weeks later than was observed in a previous
experiment with the same species of snails
(see Fig. 8). These growth phases were again
followed by parallel linear growths among all
snails until the end of the sixteenth week
with amean shell length 12.6 mm, 12.8 mm, 13.1
mm, 12 9 mm and 12.2 mm in calcium, magnesium,
calcium-magnesium, spring anddistilled waters,
respectively.

With regard to egg production, there were
striking di fferences among snails in the dif-
ferent types of water used (Table 26). Snails
in magnesium, spring and distilled waters
started to lay eggs at the end of the sixth
week, two weeks later than in previous groups
studied (see Table 16). Snails in calcium
water and calcium-magnesium water did not ovi-
posit until the seventh week.

When the cumulative numbers of eggs laid
per snail were plotted asshown in Fig. 13, it
the number of eggs laid by
snails in calcium water was very much less
than for the rest of the snails in the four
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Table 26. Effect of calcium, magnesium and calcium-magnesium

41

waters on fecundity (eggs/snail) of B. globosus

reared for 16 weeks
served as control)

(Spring and distTlled waters

Types of Weeks
waters 6 7 8 § {0 S5 I =2 14 16 |Total
Calcium 0.0/ 18.6| 5.6| 56.0]229.6{301.8| 53.6| 665.2

Magnesium | 13.6| 59.4| 58.6

g:;;ig?;m 0.0] 41.6] 77.0

Spring 39.6| 25.4| 71.8

Distilled | 33.0{105.6{ 70.8

147.4389.6/275.8|136.6/1081.0
198.8|318.8|228.4] 30.6| 895.2
120.0(298.2|164.0| 59.8| 778.8

148.0/201.6]348.0/118.8/1025.8

groups. Among snails in those four groups,
egg-laying was more or less similar until the
end of the twelfth week. Between the thir-
teenth and fourteenth weeks, however, three
patterns of egg-laying developed. Snails in
both magnesium water and distilled water had
the highest egg production, snails in calcium-
magnesium water were in the middle, and the
snails in spring water the lowest.

The total number of eggs laid per snail
in calcium water was only 665; in magnesium

water, 1,081; incalcium-magnesium-water, 895,
which was a mean value for those in the cal-
cium water and the magnesium water. In spring
water the number was 778, or about the same
amount as laid by snails in the calcium-mag-
nesium water. Finally in distilled water the
number was 1,025, which was again similar to
those laid in the magnesium water. The con-
clusion seems warranted that it was the cal-
cium, not the magnesium water which had some
adverse effect on potential egg-laying.

The sites of egg-laying were also ;gnih
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um and calcium-magnesium waters

lobosus reared for 16 weeks
(Spring and distilled waters se rv"e'i as control)

Types of waters

ks Calcium Magnesium g:igi:?;m Spring Distilled
Tot. Egé-luy site |Tot, |Egg-lay site|Tot.|Eg2 lay site|Tot.|Egg-lay site|Tot,|Fr>-lay site
eggs C L S [eggs C L S |e&8s C L 5|e88s C L S|egrs ¢ ' X S
6 0 681 571 111 ¢ 0 198 0] 198]| | 165| 115] 50| O
7 93| 44| 49 Of 297| 256| 29|12| 208( 202 6] O] 127| 66| 4B8|13] 528| 506f 11|11
8 28 o| 28| o] 293| 25| 259| 9| 385| 55| 330 0f 359 0| 359) O} 354 160{ 164]30
10 | 280 0f 259121 737| 352| 346|39| 994| 89| 905| 0| 600 3] 51384] 740| 175] 565| O
12 [1148] 114|1034| 0(1948(1139| 523|286|1594| 68(1490|36|1491| 39|1375(7«(1008| 473| S18{17
14 [1509] 673| 836| 0(1379| 388| 891/100|1142| 184 916|42| 820 9] 800(11]1740| 607|1116]17
16 | 268| 133| 109(26| 683 589 73|21| 153] 59| 84|ln| 299] 108| 173|18] 594| 422| 141]31
Tot [3326| 964231547 |5405(2806 (2132|467|4476| 657 (3731 |88 |3894 | 2253469 [Xr|5129|2458]2565|106
% 29.0]69.6(1.4 51.9(39.5|86 14.7(83.3)2.0 5.8)69,.1|51 47,9|50.0(2.1

C = Container; L = Lettuce; S = Shell.

Table 28. Effect
waters
reared

of calcium, magnesium and calcium-magnesium
on shell length (X) (mm) of B. pfeifferi
for 16 wecks (Spring and distilgea walcers

served as control)

Types of Weeks

waters Dl 2 S %l 6] B0 f 12y s
Calcium 0.6] 3.0] &1} S5:11 6:5) 25 fokl No6) 8:9] 9.4
Magnesium| 0.6 3.2| 4.4 5.5| 8.0f 8.9 9.1| 9.7(10.2]10.4
Calcium-

magnes Lum 061 2:21 3. 7153 PR 28 97110, 31105
Spraing 0.6) 3.61 5.0] 6.2] 8.4] 9.01 9.4110.0}10.4}11.0
Distilled| 0.6| 2.8] 4.3]| 6.0} 7.9} 8.5 9.2 9.9]10.5/10,6

closely related to the types of water used
(Table 27). In calcium water, only 29.0% of
the eggs was laid on container; in magnesium
water, 51.9% in calcium-magnesium water,
14.7%; in spring water, 5.8%; and in distilled
water, 47.9% In other words, snails in cal-
cium water, calcium-magnesium water and spring
water produced fewer eggs (a range of 5.8% to
29.0% on container; the snails in both of
magnesium water and distilled water laid more
eggs (a range of 47.9% to 51.9%) on the same
sites as mentioned above. These results imply
that itwas again calcium, not magnesium, which
influenced snails to lay fewer eggs on con-
tainer.

2. Biomphalaria pfeifferi
As with Bulinus globosus, fivetrays were

used, one for each type of water, and each
tray contained 5snails. None of the snails

died during the 16 weeks in culture. The re-
sults on growth were shown in Table 28 and
Fig. 14. Snails in all of the five groups
completed logarithmic growth at the end of the
sixth week, which was three weeks longer than
previously indicated (see Fig. 10). In this
series there were no significant differences
in therate of growth among all of these snails
except for those placed in calcium water. The
growth of snails in the calcium water slowed
down at the endof the sixth week and continued
to maintain the same degree of di fference as
compared to the rest of the snails until the
end of the experiment (Fig. 14). The data
show that the mean shell length at the end of
the period was 9.4 mm, 10.4 mm, 10.5 mm, 11.0
mm and 10.6 mm in that order with calcium wa-
ter, magnesium water, calcium-magnesium water,
spring water anddistilled water, respectively.
Since only one experiment was made, the sig-
nificance of these differences may be ques-
tionable.



STERK|ANA NO. 53, MARCH 1973

43

1200
1
1000} ; // 10
e Calc {um /_;—— 9 -
. 800  -ee----Magnesiun ,:‘;/ i o
P =
' e e Calc {um-magnes ium 4 £ 7
.., 600 —g——— SpTing 3 [
§ s Dl gt 1 Lad i ) R S SRR e SR e P Negrostin -
%00 : 4 o Calciumemagnes iun
g 3 ot Spring
200 2 vimnrns DYgE41Lod
y 1
- ry 0 € Woar w0 * 2 % 0 3 1 T S TS
Weeks Weeks
Fig. 13. Effect of ul:l- rig. 14, l!het o! calcium, sium TS OR
7 B iobos: .r:‘::::ad‘o:llgt‘*?( ﬁ“):‘ ‘l’.r ‘ dil:i!l.d -EE.:'! g‘ ln'":n:::“d B 16 mh ("“.
Table 29. Effect of calcium, magnesium and calcium-magnesium
waters on fecundity (eggs/snail) of B. pfeifferi
reared for 16 weeks (Spring and distilled waters
served as control)
Types of Weeks
waters 4 6 8 10 ] 12 14 16 |Total
Calcium 5.4§107.2) 72.81120.6]282.6] 35.8] 15,01 639.4
Magnesium | 12.2217.4|344.2)266.41417.6|267.4|334.4]11859.6
Calcium~
magnesium 6.4{129.21294.0/192.81472.6(247.6|320.6{1663.2
Spring 31.6{194.0]251.0/234.6431.8| 35.4|260.2]1438.6
Distilled | 16.4(188.2|274.0[272.8|420.4(302.2]269.2(1743.2
The snails in all five groups started spring water, production slowed down once be-
laying eggs at the end of the fourth week tween the twel fth and fourteenth weeks. Again,
(Table 29), which was oneweek later than pre- the data indicate that calcium had an adverse

viously observed (see Table 20). However, the
di fferences in the numbers of eggs produced
among the snails in these 5 groups were quite
similar to those found in Bulinus globosus

described earlier. The data are summarized
as follows: incalcium water only 639 eggs per
snail were produced; inmagnesium water, 1, 859;

in calcium-magnesium water, 1,663—a number
intermediate between calcium water and magne-

sium water, 1in spring water, 1,438—a number
of about the same magnitude as laid by snails
in calcium magnesium water; and in distilled
water, 1,743—similar to the production of
snails in magnesium water.

Vhen the cumulative number of eggs laid
was plotted, asin Fig 15, the number produced

by snails in calcium water was strikingly
smaller than for the snails in the remaining
four groups. Among those four groups, egg

production was more or less the same through-
out the entire period, except that in the

effect on egg production.

As to the sites of egg-laying it was
found that they, too, were closely related to
the types of waters used (Table 30). In cal-
cium water only 12.9%o0f the eggs were laid on
container; in magnesium water 55.3%; in cal-
cium-magnesium water 51.3%; in spring water
28.6%; and in distilled water 592 4%. Again
calcium affected the snails so that they had
fewer eggs on container.

Part 11|, Effect of Various Spocfoo of Algae
and Various Kinds of Muds and Mud Extracts
on the Growth of Biomphalaria pfeifferi

A. Culturing Snails in Unialgal Preparations
¥hile the mixture of blue-green algae as

reported previously was found satisfactory for
culturing Bulinus globosus and Biomphalaria
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Table 30. Effect of calcium, esium and calcium-magnesium waters
on e ;-laying sites of B. pfeifferi reared for 16 weeks
(Spring and distilled waters served as control)
Types of waters
i Calcium Magnesium e Spring Distilled
Tot. |[Egg-lay site|Tot.|Egg-lay site|Tot, |[Egg-lay site|Tot.|Egg-lay site|rot.|Fgz-lav site
eges| ¢ L | sjeassy ¢ L | s|ee&2]| ¢ L | sjesssl ¢ L liejcsst) o E.} S
27 0] 271 0] 61 51 10| 0] 32| 24 8| 0] 158 14] laa| © 82 3T 45] 0
536| 31| 505| 0|1087| 494 593] 0| 646| 237| 409| O| 970| 467| 503| O] 91| 297| 644 O
8 | 364] 51| 313] 0f1721] 656|1065) 0|1470| 624| 836|10(1255] 81 |l1l74f 0)|1370| 565| BO3| O
10 | 603] 53| 550| 01332 558 774 O| 964) 664) 300| Of1173| 47|1126] Of1364| 332[1032| O
12 .1413 214)1199| 0|2088| 690|1398| 02363 4651898 | 0)2159| 207(1952| 0|2102|1081|1021| O
14 | 179) 53| 126] 0|1337(1249| 69|19|1238|1030| 208} O| 177 92| &5| Of1511|1204] 307| O
16 75] 11| 64| 0|1672|1448| 224 0/1603|1223{ 308 0|1301(1152| 149| O]1346!1031| 295( 0
Tot [3197| 413)2784| 0(9298 5146 (41331198316 4267]4039[10(|7193|2060 [5133| 0 (8716|4567 4149] 0
% 12.9|87.1[0.0 55.344.5(0.2 51.3}48.6 /0.1 28.6(71.4(00 52.4{47.6|00
C = Container; L = Lettuce; S = Shell.
pfeifferi, it seemed to be desirable to pre- Nostoc muscorum supported growth very
pare unialgal cultures to evaluate more accu- well; the mean shell length in this culture

rately the precise effect of each algal spe-
cies on snail growth. Only Biomphalaria pfeif-
feri were tried, and altogether three species
of blue-green algae and one species of diatom
were tested on three different occasions.
convenience, Petri dishes containing algal
cultures served as aquaria.

1. With 10-day old algae

Since unialgal cultures were not all av-
ailable when this experiment was started, on-
ly two species of blue-green algae, Nostoc
muscorum and Fischerella ambigua and one spe-
ciesofdiatom, Nitschia frustulum, were used.
Each was inoculated into three Petri dishes.
As one control, three Petri dishes were ino-
culated with the mixture of blue- green algae;
as another control, three Petri dishes were
left without any inoculation. All dishes were

For -

incubated for 10 days beforeintroducing snails.

Five snails were then introduced per dish, and
measurements were made 14 days later. Results
are shown in the first part of Table 31.

The best survivorship was found in Petri
dishes with Nostoc muscorum and the mixture
of blue-green algae; in each of these 14 out
of 15 individuals survived. Next highest was
in Petri dishes with Nitzschia frustulum, in
which 13 out of 15 survived. Fewest survived,
12 out of 15, in the Petri dishes with Fisch-
erella ambigua. In the Petri dishes in which
no algae

were added (one of the controls) it

was not surprising to find that no snails were

alive in 2 out of 3 dishes and in the third
only two snails survived. It was understand-
able that the dishes without algal food would
not support growth The low survivorship in
one dish with Fischerella ambigua is not con-
sidered significant, since in this case the
other two dishes showed 100% survival.

second week was 5.9 mm.
Fischerella ambigus and the mixture of blue-
green algae produced only moderate growth;
these two cultures had a mean shell length of
4.0 mm and 3.7 mm respectively. With the di-
atom, Nitzschia frustulum, the snails grew
poorly and had a mean shell length of only
3.1 mm. This poor growth may have been more
a matter of quantity of food rather than qua-
lity, since macroscopically the shell length
of the snails in this group at the end of the

at the end of the

first week was about the same as that in the
other groups.
2. With 14-day old algae

Since in the 10-day old algal cultures

the diatoms did not support growth as well as
the other algae, the diatoms were eliminated
in this experiment Altogether three species
of blue-green algae: Nostoc muscorum, Schizo-
thrix calcicola andFischerella ambigua, were
tried. The mixture of blue-green algae again
served as one control and the mud without al-
gae served as the other. Again three Petri
ishes were prepared for each group, and the
snails were introduced l14days after algal in-
oculation at 5 snails per dish. Measurements
were made 14 days later (see second part of
Table 31). Survivorship was good in all of
the groups, with 93% (14/15) to 100% (15/15)
surviving, except in the cultures without al-
gae.

When the rate of growth was measured,
both cultures,Nostoc muscorum and Fischerella
ambigua supported growth equally well, and the
mean shell len%{hs were5.5 mm and 5.7 mm, re-
spectively. cultures with Schizothrix
calcicola and the mixture of blue-green algae
produced only moderate growth, with mean shell
lengths of 4.2 mm and 4.5 mm respectively.
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Table 31. Effect of species of al

of B. pfeifferi reared
mud” served as control)

%ee on survivorship and shell length (X) (mm)
or 2 weeks (mixture of blue-green algae and

Age o

f algae (days)

10

14 24

Species of Dish No.

Dish No.

Mean & Dish No. Mean &

algae

1

2 Total 1 2 Total

SL SL S1

SL

SL SL | S|SL SL SL SL SL

Nos. muscorum 5.8(5/5.9|5(6.0

*

Sch. calcicola

4.31212.5 4.0

Fis. ambigua

Nit. frustulum|5|3.2(4/2.8[4(3.2 < M 1

Mix. b.-green 3.6 4,0 3.7

Mud (no algae)|2(1.9]0 0 1.9(0

6.1

3.9

0

4.8|5(5.6(15 5.1]5(4.9(5|5.1

4.2]|5|4.6(15

5.9|5]5.8 5.7]15]5.2]5]5.1 5.1

¥

5.0 4.5]5]3.2]5]5.3 4.5

0

S = No. of survivors; SL = Shell length; *

Table 32. Effect of types of containers and food additives
and shell length (X) (mm) of B. pfeifferi reared

Not tested.

on survivorship
for 3 weeks

Types of food additives
Mix. blue-green Nos. muscorum
Types of ; + e Nos. muscorum
containers Lettuce Lettuce (no lettuce)
2 wks 3 wks 2 wks 3 wks 2 wks 3 wks
S SE S 1 8 S SE S SL S SL S SL
1 5| 4.3 b 741 5 8.5 5 {10.0 5 Do S | 8.7
Tray & 51 4.3 5.1 6.5 5 8.1 5 9.7 5 147 S 9,2
3 5 3 5 V2 5 8.0 51799 5| 8.0 5 ] 9.0
Tocal s a7 | os Voa | isif g2 | a5 ] 9.9 pas | 2.2 a5 § 9c0
L Mean . . . . x .
1 51 4.9 5174 5| 6.4 S 19 5] 6.4 5| 8.5
Petri 2 5| 4.6 5 b X1k 5 8.8 5| 6.4 5| 8.0
dish
3 5| 4.8 5 7.1 5 | 6.2 S0 8.5 4 | 6.8 4 | 8.4
Total f
& Mean 15 1 4.7 15 7.3 1% 1 6.3 151 8.7 14 | 6.5 14 | 8.3

S = No. of survivors; SL = Shell length.

3. With 24-day old algae

For this experiment, only Nostoc mus-
corum and Fischerella ambigua were tested, and
the mixture of blue-green algae again served
as control. For each group 3 Petri dishes
were prepared. All algae in the dishes were
cultured for 24 days to allow more algal growth.
The shell lengths were measured 14 days after
the snails were introduced (see last part of
Table 31). There were no dead snails in any
of the groups tested, and both cultures, Nos-
toc muscorum and Fischerella ambigua, sup-
ported growth equally well, with themean shell
lengths 5.0 mm and 5.1 mm, respectively. The
mixture of blue-green algae supported a mode-
rate degree of growth, and the mean shell
length was 4.5 mm.

In summary, in 3 experiments Nostoc mus-

corum and Fischerella ambigua both supported
growth equally well. It appears advisable to
provide a sufficiently long algal growing pe-
riod prior to the introduction of the snails.
In the experiments that follow, however, Nos-
toc muscorum was used exclusively because it
is easily grown in Petri dish preparations.

B. Culturing Snails in various kinds of
Tray and Petri Dish Preparations

Earlier (Part I) Biomphalaria pfeifferi
was reported to grow 5.1 + 0.7 mm in 2 weeks,
when cultured in trays with tap water and sup-
plied with the mixture of blue-green algae and
lettuce (See Table. 11, 5 snails per .tray).
Later (Part II) these same species grew to 6.1
mm in the same period when placed in trays with
spring water and supplied with the same mix-
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Table 33. Effect of types of containers and food additives on
fecundity of B. pfeifferi reared for 3 weeks *
Types of food additives
Mix. blue-green Nos. muscorum Nos. muscorum
Types of + » A
containers Lettuce Lettuce (no lettuce)
Tot. eggs | Eggs/ | Tot. eggs | Eggs/ | Tot. eggs | Eggs/
by ( 5) snail by ( #) | snail by ( g) snail
Syt
1 405 ( 5) 81.0 1049 ( 5) 209.8 920 ( 5) 184.0
2 127 ( 5) 25.4 921 ( 5) 184.2 639 ( 5) 127.8
Tray cin
‘| 2¢95) 0.4 607 ( 5) 121.4 933 ( 5) 186.6
Total
& Mean 534 (15) 35.6 | 2577 (18) 171.8 2492 (15) 166.2
1 49 ( 5) 9.8 235 ' %) 47.0 23 ( 3) 4.6
.0 4ol 015 0.0
Petri 2 e { 8y 0 - 22 ( 5) (5)
i 3 2(9 | oal amisy| el nrcy | na
Total
& Mean 51 (15) 3.4 430 (15) 28.7 140 (14) 10.0
# = No. of survivors; * = Egg-laying began during the period of 2.5 -
3.0 weeks unless otherwise indicated; ** = Including 624 eggs laid
during the period of 2.0 - 2.5 weeks; ¥*¥* = Including 67 eggs laid
during the period of 2.0 - 2.5 weeks.
ture of blue-green algae andlettuce (see Table
19, spring water). Finally(Part III ‘A’), this
same species grew to 5.9mmwhen cultured in
Petri dishes with Nostoc muscorum (see Table
31, algae aged 10 days).
These observations suggested the need
for comparisons between trays andPetri dishes,
Calcium the use of mixture of blue-green algae and
/ / Nostoc muscorum, and feeding with and without
------- Magnesium : F i / lettuce over a 3 week period (until oviposi-
Calcine £tim ‘/:..f’/- tion began) to determine theoptimal conditions
s

e Spring

esene Digtilled / ;5

s i

10
Weeks
Fig. 15. Effect of calcium,

I!IAfnellun waters on t
mulated) laid per B.
16 weeks (spring s
served as control

14 16

sium and calcium-
number of o;:s (cu-
feifferi reared for
waters

for the culturing of B. pfeifferi snails. Con-
sequently, 6 cultures were established, 3 in
trays and 3 in Petri dishes, with 5 snails
per tray or dish. At the end of the second
week they were measured and reset innew trays
or dishes with same preparation for another
week, when they were remeasured. The number
of eggs laid and egg-laying sites were also
recorded. The results are shown in Tables 32-
34 and Figs. 16 and 17. Survival was very
good, and no snails diedinany of the cultures
during the observation period, except in dish
3 with Nostoc muscorum (withoutlettuce), where
one snail was dead at the end of the second
week (Table 32).

In general, the trays supported growth
better than the Petri dishes (Table 32, Figs.
16 and 17). However, when a mixture of blue-
green algae with lettuce was used as a food
additive, this was not the case. . At the end
of the second week Petri dish cultures sup-
ported growth as well as trays with similar
food additive, with a mean shell length of 4.7
mm. By the end of the third week, even better
growth was observed in Petri dishes, with a
mean shell length of 7.3 mm, while the mean
in trays was 7.0 mm. This difference in shell
length is of doubtful significance. Nostoc
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Tsble 34. Effect of types of containers and food additives on
egg-laying sites of B. pfeifferi reared for 3 weeks
Types of food additives
Mix. blue-green Nos. muscorum Nos. muscorum
:xg::iggg. Let:uce Let:uce (no lettuce)
Total| Egg-laying site Iroral| Egg-laying site |rotal| E g-laying site
eggs C L S |eggs C L S |esgs C L S
1 ] 405 | 181 | 224 0 |1049 | 814 | 235 0 | 920 | 920 * 0
2 127 90 37 0 | 921 | 834 87 0| 639 | 639 * 0
Tray 3 2 0 2 0 | 607 | 518 89 0 | 933 | 933 * 0,
Total| 534 | 271 | 263 0 |2577 |2166 | 411 0 |2492 |2492 * 0
% 50.7 |49.3 | 0.0 84.1 |15.9 | 0.0 1000 # | 0.0
1 49 37 12 0] 235 0| 235 0 23§ 19 * 4
2 0 22 0 22 0 0
Bt s | 2| 2} o) efteni] zlni ojr)w 10
Total| 51 39 12 0 | 430 2 | 428 0 | 140 | 126 * 14
% 76.5 |23.5 | 0.0 0.5 |99.5 | 0.0 90.0 10.0

C = Container; L = Lettuce; S = Shell; % = Not applicable.

muscorum, either alone or combined with let-
tuce, was always better than the mixture of
blue- green algae and lettuce.

The effect of adding lettuce to Nostoc
muscorum cultures appeared earlierin the tra
group, where at the end of the second wee
the mean shell length was8.2 mm in trays with
lettuce but only 7.7 mm in trays to which let-
tuce was not added. At the end of the third
week, the effectoflettuce was even more sig-
nificant, with 9.9 mm in the former but only
9.0 in the latter. In the Petri dish cultures
the beneficial effectof lettuce was not
observed until the end of the third week. At
the end of the second week, the mean shell
length was 6.3 mm in dishes with lettuce and
6.5 mm in dishes without lettuce. At the end
of the third week, the mean length was 8.7 mm
in dishes with lettuce but only 8.3 mm in
dishes without lettuce. The best growth was
in trays with Nostoc muscorum and lettuce;
second best in trays with Nostoc muscorum but
no lettuce; third in Petri dishes with Nostoc
muscorum and lettuce; fourth in Petri dishes
with Nostoc muscorum but no lettuce; and last
in trays with the mixture of blue-green algae
and lettuce or in Petri dishes with the same
mixture of blue-green algae and lettuce.

When fecundity is expressed in terms of
number of eggs laid per snail as in Table 33,
some consistent patterns appear. Those in
trays produced more eggs than those in Petri
dishes; cultures withNostoc muscorum produced
more -eggs than with the mixture of blue-green
algae; and adding lettuce resulted in little
or no increase of egg production. Most snails
did not start to lay eggs until they were 2.5
to 3 weeks old. Snails in trays with Nostoc
muscorum (without lettuce) produced eggs as
early as 2 to 2.5 weeks. Since this experi-
ment was done only once, its significance is
uncertain.

Sites of egg-laying are shown in Table
34. In trays or Petri dishes containing Nos-
toc muscorum but no lettuce, 100 or 90% of the
eggs were found on thecontainer. In the other
trays or dishes, all supplied with lettuce,
50.7 to 84.1% of the eggs were found on the
container exceptin the Petri dishes with both
Nostoc muscorum and lettuce, in whichonly 0.5%
of the eggs were found on the container. The
significance of these differences in egg-lay-
ing sites remains‘uncertain, since the period
covered by present experiment was too short
to permit defining patterns of egg-laying
sites; it was usually some 10 weeks before
these were stabilized.

C. Culturing snails under crowded conditions

The foregoing experiment showed that the
Petri dishes with Nostoc muscorum (without
lettuce) supported snail growth better than
trays with the mixture of blue- green algae and
lettuce (see Table 32). Consequently, it
seemed important to determine the optimum num-
ber of snails per Petri dish should Nostoc
muscorum be used as an additive in routine
culturing.

Using the standard mud mounds inoculated
" with Nostoc muscorum, 18 Petri dishes were in-
cubated oneweek before the snails were intro-

duced. At the end of that incubation period,
1-day old snails were placed in the Petri
dishes, as follows: 3 dishes each with 1, 2,

5, 10, 20 and 40 snails. The survivors were
checked and measured for shell length at the
end of the first, second, third and fourth
weeks. The numbers of eggs laid were also re-
corded. No replacements of Petri dishes were
made, and no distilled water nor algae was
added during the entire period. The results
are tabulated in Table 35.
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Table 35. Effect of crowding on survivorship, shell length
(X £ 5.D.) (mm) and fecundity of B. pfeifferi
reared for 4 weeks

~ |o Weeks

o |z

:;:.5 1 2 3 TR

g: 2l s SL £S5 SL E]l S SL E| § SL E
1] 1f2.3 0.0]0f 1}5.2 0.0]|0| 1|7.4 o0.0fo| 1]7.7 0.0{s0
2| 1/2.3 0.0/0}f 1]6.2 0.0|0| 1}7.7 0.0J0Of 1]8.0 0.0f12

’ 3| 1f2.3 0.0|0] 1{5.9 0.0{0] 1]|6.3 0.040| 1|6.3 0.0| ©
™| 3|2.3%0.0|0| 3]|5.8%*0.4|0| 3]7.1%0.6]0| 3]7.3%0.7(|62
1 212.3 0.0]0f 2{5.5 0.5|0} 2]|5.9 0.7|0| 2|6.0 0.8] O
2| 2f2.3 0.0|0| 2|5.5 0.2|0| 2|6.1 0.5|0| 2|6.4 0.7]| 8

2 3| 2/2.3 0.0{0] 2{5.9 0.3|0] 2]|6.9 0.1]0| 2{6.9 0.2| 6
™| 6]2.3%0.0|0| 6]5.7%0.4]0| 6{6.3£0.6|0| 6]|6.4%0.7|14
1| 5{2.3 0.2)0| 5/5.3 0.7]0] 5/5.9 0.5/0| 5|6.0 0.6|17

5 2| 5{2.3 0.0|0] 5/5.9 0.3]0| 5/6.2 0.3|0| 5]6.3 0.3] O
3| 5/2.4 0.1]0] 5/6.0 0.6|0] 5/6.5 0.4|0| 5]|6.7 0.3] O
T™|15[2.3%0.1|0]15]/5.820.6|0]15]6.2%0.6/0|15{6.4%20.6]17
1 {10]2.3 0.1]0|10{4.7 0.2|0]10|5.2 0.4|0(10]5.3 0.4] 6
2 |10{2.5 0.1{0{10|6.0 0.4(0|10|6.1 0.5/0|10|6.1 0.5| 3

i 3] 9]2.4 0.2]0] 9]5.6 0.5]0] 9}6.0 0.5]0] 9]/6.0 0.5] 3
T™|29|2.4%0.2{0{29|5 4%0.7[0]29]5.8%0.6]0[29]5.8%0.6]12
1 [19]2.3 0.2|0]|19}4.1 0.2{0|19]4.6 0.3]0]19]4.6 0.3] O

20 2 |20]2.4 0.1|0|20]4.4 0.3]0}20]4.8 0.4|0]20|4.8 0.4| 0
3 |18(2.3 0.3|0|18]4.7 1.4(0|14|5.4 0.5)0[14}5.4 0.5] O
T™|57]2.3£0.2|0|57|4 4%0.9{0]53]4.920.5{0|53]4.920.5| O
1 39(2.2 0.3]|0|36|3.4 0.4|033|3.4 0.3|0]15]3.7 0.2} O

40 2 |34]2.2 0.4/0(32]3.9 0.9]0|26)4.3 0.5[0]24|4.4 0.3} O
3 |40(2.3 0.1/0]40]3.6 0.2]|0]40(3.6 0.2]0|37]|3.6 0.2| O
TM|113]2.2%0.3|0{108] 3.6%£0.6 [0]99]3.7£0.5[0|76|3.9%0.4| O

S = No. of survivors; SL = Shell length; E = Total eggs;

TM = Total and mean.

None of the snails died in the dishes
with 1, 2 or 5 snails throughout the entire
period; in dish 3 with 10 snails one died at
the end of the first week. In both the 20-
snail and 40-snail groups, however, snails were
dying at a steady rate from the beginning of
the experiment. At the end of the fourth week,
7 out of 60 snails had diedip the dishes with
20 snails and 44 out of 120 in the dishes with
40 snails.

With regard to growth, at the end of the
first week the mean shell lengths were about
the same regardless of the number of snails
per dish, with a range between 2.2 and 2.4 mm
(Fig. 18). At the end of the second week, the
mean shell lengths fell into three groups: (a)
the values in the dishes with 1, 2, 5 and 10
snails were about the same, with a range of
5.4t05.8 mm; (b) in the dishes with 20 snails
the mean was 4.4 mm; and (c) in the dishes with
40 snails, 3.6 mm. All snails completed loga-
rithmic body growth by the end of the second
week except those indishes with 1 snail, which
still exhibited logarithmic growth until the
end of the third week. At that time the mean
shell lengths fell into 5 groups: (a) the
dishes with 1 snail had a mean of 7.1 mm; (b)
the dishes with 2 and 5 snails, 6.3 and 6.2
mm respectively; (c) thedishes with 10 snails,
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5.8 mm; (d) the dishes with 20 snails, 4.9 mm;
and (e) the dishes with 40 snails, 3.7 mm. By
the end of the fourth week, the patterns re-
mained the same as those found at the end of
the third week.

Egg-laying took place before the end of
the fourth week in two dishes with one snail/
dish; two with two snails’/dish; one with §
snails/dish; andall dishes with 10 snails-dish
(Table 35). No eggs were found inany of the
dishes with 20 or 40 snails per dish.

When the presence of algal food was ex-
amined, sufficient algae remained inall dishes
with 1 or 2 snails throughout theentire peri-
od. In the dishes with 5 snails the algae
remained i1n all 3 Petri dishes until the end
of the second week; at the end of the third
week no algae were left in any of the dishes.
In the dishes with 10 snails the algae re-
mained only to the end of the first week. At
the end of the second week algae were left in
only one dish; none was leftat the end of the
third week. In the dishes with 20 snails the
algae remained until the end of the first
week, but no algae remained in any of the
dishes thereafter. Finally, in the dishes
with 40 snails no algae remained even at the
end of the first week. The possible correla-
tion between the presence of algal food and
the rate of growth will be discussed later.

D. Culturing snails in various kinds of
muds and mud extracts.

Previous experiments demonstrated that
algae were necessary to sustain the snails
(see Table 31) and that the Nostoc muscorum
grown on mud supported growth better than the
mixture of blue- green algae grown on the same
mud (see Tables 31 and 32). Accordingly, ex-
periments were designed to determine which
components of the mud contribute to the growth
of Nostoc muscorum and, inturn, to the growth
of the snails. Various kinds of muds and

(Text continued p. 51)

“.l..‘.‘."..‘..“‘.“...““'.‘.l.“..‘.“
Figure 16, page 49:

Fig. 16. Growth differences in B. pfeif-
feri rearedin various kinds of tray and Petri
dish preparations for two weeks.

Tray :
1-3 Mixture of b-green algae plus lettuce
4-6 Nostoc muscorum plus lettuce
7-9. Nostoc muscorum alone

Petri dish s
10-12 Mixture of b-green algae pluslettuce
13-15 Nostoc muscorum plus lettuce
16-18 Nostoc muscorum alone
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Table 36. Effect of kinds of muds and mud extracts om survivorship and
s shell length (X) (mm) of B. pfeifferi reared for 2 weeks (Expt. 1)
ALl U Kinds of muds and mud extracts
-?'«-o 2 o s ° 525°c-heat.
| Slnat mnemes masgoes o fupreenislsgonen | TS
:»:33 a s SL S SL S SL S SL S SL S SL S SL
1 4 | 5.8 51 6.2 o 1 2.2 31 5ed 0 5 .1.8 0
541 5.8 o bl g e 51 6.0 0 4§ 1.5 0
Slal slse | 5|59 | a2 Jio]sa | o s]19 | o
™| 14 | 5.7 15 | 6.0 11 | 2,0 14 | 5.8 0 13§ 1.7 0
# K } 3+ 2+ 3+ 0 2+ 1+
3 4 | 3.6 51 6.0 3.2 3.1 3.3 0 3.2 0
Sl s)s2 e latze | s1sa ) n 40 | o
:. 3 4 | 5.7 & | 5.7 3.1 S A7 ] 41 2.7, 0
o'|mf 13|58 Jis] 57 |16 ] 2.9 | 13 4.7 0 16 | 3.3 0
# s e ek ok e siv i

§ = No. of survivors; SL = Shell length; TM = Total and mean; * = Day O refers to

the

day snails were introduced; # = Growth of algae on day O; ** = Not applicable.

their extracts were prepared (see Table 6).
These preparations were then tested in two
experiments; chemical analyses on the extracts
were also made.

1. Experiment 1

The purpose here was twofold: (a) to de-
termine whether mudwithout organic components
or a mud extract alone could support algal
growth needed to grow snails; and (b) to de-
termine whether the algae had to be grown for
a certain period of time before snail intro-
duction or could be added at the time the
snails were introduced into a culture. For
each kind of mud ormud extract 6 Petri dishes
were prepared. To half (3) of these dishes a
Nostoc muscorum suspension wasinoculated (de-
signated ‘-10 group’), to the other half of
the dishes the alga was not inoculated (de-
signated ‘0-3-11 group’). All dishes, inclu-
. ding those not inoculated with algae, were in-
cubated for 10 days before snails were intro-

A R R R R R e R R R R A R R A R R R R R R S R R R R

Figure 17, page 50:

Fig. 17. Growth differences in B. pfeif-
feri reared in various kinds of tray and Pe-
tri dish preparations for 3 weeks.

Tray
1-3 Mixture of b-green algae plus lettuce
4-6 Nostoc muscorum plus lettuce
7-9 Nostoc muscorum alone.

Petri dish
10-12 Mixture of b-green algae plus lettuce
13-15 Nostoc muscorum plus lettuce
16 -18 Nostoc muscorum alone

duced. On the day of snail introduction (day
0), the degree of algal growth in the -10
group was determined; to the 0-3-11 group the
same kind of Nostoc muscorum suspension, in
an excess amount, was inoculated. One-day old
snails, 5 per dish, were then introduced into
the dishes of the -10 group and the 0-3-11
. group. Both groups were then incubated for 2
weeks before the shell lengths were measured.
Meanwhile, more Nostoc muscorum suspension was
added to the 0-3-11 group on days 3 and 11l.
The results are shown in Table 36.

On the whole, three kinds of preparations
in the -10 group, i.e., natural mud, steamed
mud and 1000 C-dried mud, supported snail
growth better than thesimilar preparations in
the 0-3-11 group. On the other hand, two
kinds of preparations in the -10 group, i.e.,
steamed extract and 5250 C-heated steamed mud,
were less effective in supporting snail growth
than similar greparations in the 0-3-11 group.
Both the 525° C-heated mud and the 525° C-
heated steamed extract did not support snail
growth at all, regardless of when the algae
were introduced.

Within each group steamed mud supported
snail growth best;natural mudand 100° C-dried
mud supported growth only to amoderate degree;
and steamed extract and 525° C-heated steamed
mud were least effective in promoting snail
growth. When the relative amount of algal
growth was determined macroscopically, there
was a close relation between algal growth and
snail growth. In general, snails grew well in
dishes with 3+ algal growth, were somewhat
stunted with 2+ growth, and did not grow at
all with 14 or 0 growth.

2. Experiment 2

This experiment essentially repeated Ex-
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Table 37. Effect of kinds of muds and mud extracts on survivorship and
ghell length (X) (mm) of B. pfeifferi reared for 2 weeks (Expt. 2)

Kinds of muds and mud extracts
B bog“g- l325°c- ‘5‘25'c-
o rie . % . 8
Z|Natural [Steamed |Steamed|Stirred|Stirred (110(.) g' mud + |525°C- 525°C- ext:act ext:acr.
£ | mud mud extract |mud extract rée 525°C- |h. mud h.ds. (full- |(half-
- A e i stren | stren
a extract -gth) -gth)
S| SL S] SL S| SL 3] St S 51 S§ SL &f. sL 5] SL 8] SL S} SL | 5] SL
1| 5] 4.1 4| 4.6] 5{ 2.0] 5| 5.1 5| 1.7| 4| 4.1] 4| 3.8) O 0 0 0
2] 3] 4.1] S| 4.2] 3] 1.6] 3] &.3] S| 1.7] 3] 4.5} S| 3.9] O 0 0 0
3 5| 4.4 5| 4.9] 5] 1.9] 5| 4.9] 3| 1.2| 5] 4.5] 4| 4.0] O 0 0 0
™| 13| 4.2[14] 4.5/15| 1.8|13| 4.8|13| 1.6]14| 4.4f13| 3.9| O 0 0 0
# 3+ 3+ 2+ 3+ 2+ 3+ 3+ 0 0 1+ (1]
§ = No. of survivur; 21 = Shell length; ™ = Total and mean; h. = heated; s. = steamed;

# = Growth of algae on the day snails were introduced (= day 0).

periment 1 except that some additional prepa-
rations were added: (a) stirred mud andstirred
extract were added on the assumption that they
could contain some essential components needed
for the growth of algae hence, also the growth
of snails, components which might have been
destroyed during the process of steaming: (b)
there was also a suspicion that 5250 C-heated
mud and the extract from it might have con-
tained some harmful chemicals as a result of
the heat treatment. Therefore, a new prepa-
ration was made to examine this possibility;
e., to the 1009 C-dried mud, 525° C-heated
steamed extract was added instead of distilled
water; (c) on the chance that full-strength
5250 C-heated steamed extract might be toxic
because of its high concentration of certain
chemicals, a half-strength extract was pre-
pared. All Petri dishes were inoculated with
the algae 10 days before snail introduction.
The results are shown in Table 37.

All natural mud, steamed mud, stirred
mud and 100° C-dried mud showed favorable
snail growth. In this series the stirred mud
best supported snail growth and the shells had
a mean length of 4.8 mm; both the steamed mud
and the 100° C-dried mud supported the growth
to about the same degree, and the mean shell
length was 4.5 mm and 4.4 mm, respectively;
the natural mud supported growth least among
those four preparations tested, with the mean
shell length of 4.2 mm. Although the signi-
ficance of these differences in shell length
is uncertain, it appears that stirred mud was
_better than steamed mud, and that the steamed
mud was, in turn, better than the 100° C-dried
mud or the natural mud.

The combination of 100° C-dried mud and
525° C-heated steamed extract supported snail
growth to a moderate degree with themean shell
length 3.9 mm. Both the steamed extract and
the stirred extract were least effective in
supporting growth, with themean shell lengths
of only 1.8 mm and 1.6 mm, respectively. None
of the525° C-heated mud, 525° C-heated steamed
extract (full-strength) or 525°C-heated steam-
ed extract (half-strength) supported snail
growth at all. “

There was also a close correlation be-
tween algal growth and snail growth, i.e .
snails grew well in 3% were stunted in 24

and did not grow at-all in I+ and 0.

3. Chemical Analyses of Mud Extracts

In
and 37)
extract

both experiments above (see Tables 36
the steamed extract and the stirred

supported snail growth to a certain

~ degree, and the 525° C-heated steamed extract
did not support growth at all. These differ-
ences suggested that chemical analyses should
be made of these three extracts to determine
the di fferences in their chemical compositions;
results are shown in Table 38.

The bicarbonate alkalinity was highest
in stirred extract, less in steamed extract,
and lowest in 525° C-heated steamed extract.
Calcium hardness was highest in 525° C-heated
steamed extract with 845 ppm (=890 + 800/2),
followed by the stirred extract with 540 ppm
and lowest in steamed extract with only 422.5
ppm (=405 + 440/2), or exactly half that found



