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Fig. 18. Effect of crowding on mean shell length 
of B. pfeifferi .reared for .4 weeks 

in 525° C-heated steamed extract. Silica was 
highest in 525° C-heated steamed extract, less 
in steamed extract. and· lowest in stirred ex­
tract. Sulphate was highest in 525° C"heated 
steamed extract with 630 ppm (::680 + 5801 2) 
and was about the same between stirred extract 
and steamed extract with 360 ppm and 350 ppm 
(=360 + 340/2), respectively. The different 
values for chloride, magnesium hardness, ni­
trate and nitrite nitrogen, pH, and phosphate 
appeared insignificant. In 'conclusion, exces­
sive amounts of calcium, silica, sulphate, or 
combinations of them appear to be harmfut' to 
snail growth. 

Part IV. Foraulation of Synthetic Mud 

Previous studies· showed that mud, col­
lected from a local natural habitat of amphi­
bious Pomatiopsis.cincinnatiensis snails, was 
suitable for growing a variety ·of blue-green 
algae which in turn, supported good growth of 
Bul inus globosus and Bioaphalaria pfeifferi 
snails (as indicated in Part I and Part II). 
This same mud vas al~o excellent for growing 
a unialgal culture of, Nos toe lliuscoruu which 
was even better than'the mixture of blue_-green 

r 

algae for supporting growth of Biomphalaria 
pfeifferi snails (Part III) . 

Culture methods like these might be dif­
ficult to reproduce by those not having access 
to this particular type of mud, or a sui table 
type of mud might not be available locally if 
the habitat were pollutedordestroyed. There­
fore, the following methods were designed in 
an attempt to develop a synthetic mud to be 
substituted for the natural product. 

The formulation of the various types of 
synthetic muds was accomplished essentially 
on the basis of trial and error (see Table 7 
for formulae) and involved altogether 12 ex­
periments. Some components justified for use 
in the earlier formulae were eliminated later 
because they had not shown bene fi ci al proper­
ties. For each formula, 3 Petri dishes (Ex­
periments 1 through 5) or 4 Petri dishes (Ex­
periments 6 through 12) were established. Usu­
ally Nostoc-111uscorum was inoculated into the 
cultures immediately after the dishes were 
prepared. Five snails were added to each Pe­
tri dish 5 to 16 days after algal inoculation. 
As a rule, ·Petri dish preparations were not 
replaced during the course of these experi­
ments. Measurements were made weekly over a 
1 to 5 week period. 

Experir~tent 1 

Petri dishes were made according to the 
formulae shown in Table 7. Three days after 
algal inoculation, all the dishes emitted a 
strong, sour 'rotten fish' odor, apparently 
caused by putrefaction of the fish meal and 
fermentation of the glucose. Snails were, 
therefore, not introduced i~to these dishes. 

Experi111ent ·2 

The amount of fish meal used in the for­
mulae was cut to half that u.sed in Experiment 
1, and ·glucose was omitted~ The amounts of 
oyster shell and bone meal used were also each 
reduced to half that in Experiment 1; KN03 was 
also.·omitted. Snails were added five days 
after algal inoculation and cultured for five 
weeks; the. results are shown in Table 39. To 
the end of the fourth week, survivorship in 
the Petri dishes with distilled water asover­
lay (Formulae 1 and 3) was better than those 
with artificial water· as overlay (Formulae 2 
and 4) This difference, ho.wever, became in­
significant by the end of the fifth week. 

To the end of the second week Petri dishes 
with distilled waterused inmaking paste (For­
mulae l·and 2) supported shell growth better 
than 'those· with BBMSU used for paste (Formulae 
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Table 38. Analyses of kinds of mud extracts used in Experiments 1 and 2 

Kind's of mud extracts 

Tests Steamed extr."lct Stirred extract 525"C·heated 
steamed extract 

Expt. 1 Cxpt. !. Expt. 1 E~pt. 2 !::xpt. 1 Expt. 2 

Alkalinity (as ppm Caco 3) 

Carbonnte 0.0 o.o 
D~carbonate 65.0 75.0 

Chloride \as ppm Cl) 45.0 50.0 

Copper (ppn) o.o -
flardness (as ppm CaC0 3) 

Total 440.0 560.0 

Cnlcium 405.0 440.0 

Magnesium 35.0 120.0 

Iron (ppm) o.o -
Ma,;nesium (ppm) 0.0 -
~itrate & nitrite 
(as ppm nitrogen) 

nitrogen 0.080 0.063 

pfl value 7 .• 15 7.55 

Total phosphate 0.27 0.48 

Silica (ppm) 52.0 50.0 

Sulphate (ppm) 360.0 340.0 

* • Not applicable; '-' • Not tested. 

3 and 4). However, this relationship was re­
versed at the end of .the third week. By the 
end of the fifth week, shell length was !}bout 
the same among snails in Formulae 1 through 3, 

, w i th me an s o f 5 . 0 , 5 . 2, an d 5 . l m m , res p e c t­
i vely; in Formula 4 the mean shell length was 
as high as 6. 2 mm. Although the differences 
in mortality might have eventually affected 
the values for shell lengths among the .sur­
vivors, there was an indication that Petri 
dishes with artificial water as overlay sup­
ported better shell growth than those with 
distilled water as overiay. Egg-laying oc­
curred only in the Formula 4 Petri dishes. 
where altogether 32 eggs were laid at the end 
of the third week and 99 at the end of the 
fourth. 

In conclusion, a workable synthetic mud 
was formulated. In order to culture snails 
to the end of the second week, either Formula 
lor Formula 2 with distilled water for past­
ing is recommended .. To culture snails up to 
the end of the fifth week and for egg-pro·duc­
tion, Formula 4, BEt.ISU for pasting and arti­
ficial water as overlay, is recommended. On 
the whole, for shell growth and egg production, 
artificial water was always superior to dis· 
tilled water as overlay. 

Experiment 3 

The amounts of oyster shell, bone meal 
and fish meal used were the same as in Experi­
ment 1; charcoal was increased to 3 gm., and 
KN03 was added. The amount of agar used was 
redu.ced to 0.5 gm. Snails wereintroduced nine 
days after algal inoculation andwere cultured 
for six weeks. The results are shown in Table 
~. . . 

No snails died 1n Fo.rmula 1 throughout 

"' 0.0 o.o o.o 
,, 155.0 50.0 40.0 

* 45.0 55.0 45.0 

* - o.o . 
* &40.0 960.0 840.0 

* 540.0 890.0 800.0 

* 100.0 70.0 40.0 

* - o.o . 
* . o.o . 
* 0.034 0.076 0.030 

* 7.40 7."25 6.95 

* 0.23 0.52 0.25 
,, 34.0 80.0 60.0 

* 360.0 680.0 580.0 

the entire course ·of the experiment; 1n For­
mula 2, two out of 15 snails died. The dif­
ference 1n survivorship between these two 
groups may not be ~eaningful. 

To the end of the fourth week, Formula 
2 supported better growth than Formula 1, and 
the mean shell· length· was 6. 2 mm versus 5. 7 
mm. This difference be tween the two formulae 
beCame i n S i gn i f i Can t by the end 0 f the S i X th 
week, when the shell length ~alu.es were 6. 5 mm 
and 6. 4 mm, r.especti vely. With Formula 2 egg­
laying first ·occurred at the en'd of the fourth 
week; with Formula 1 it did not occur until 
the end of the fifth week. In both cases, 
the elapsed time for egg-laying. after the 
snails hatched was considerably longer than 
observed ·amon.gsnailscultured previously with' 
natural mud (see Table 33). 

In conclusion, arti fici:al water was again 
superior to distilled .water· as overlay for egg 
production. The artificial water was also su· 
perior to distilled water in producing shell 
growth at leastup to theendofthefourth 
week. 

Exp·eriment ·4 

The solid' components used 1n the formu­
lae were similar to· those used 1n Experiment 
2 except tha·t bone meal was omitted and the 
amount of agar was reduced. to 0. 3 gm. Snails 
were introduced 13 days after algal inocula­
tion and were. cui tured for one week. The re­
sults are shown in Tabl'e 41. Survivorship in 
Formulae 1 and 2 was about the same,. with 93. 3% 
(14/15) and 100.0% (15/15) surviving; in both 
Formulae 3 and 4with 80.0% (l2/15)·survived. 
The rate of growth with 'all. of the form'ulae 
was about the same, with a m.ean shell length 
in the range of .1. 1 to 1.7 mm. which was con· 



STERKIANA NO. 5,, JUNE 197. 

4 

Table 39. Effect of synthetic muds (in Expt. 2) on survivorahip,·shell length 
(x) (mm) and fecundity of ~· pfeifferi .reared for 5 weeks * 

"'"'' Fonnul.'1c 

Dis + Dis 

~I-------~--~----------~--~W~e~ck~s~--~----~----,---~~-----­
~~~~--~T-~~--~~r--+--.-~"~3-·-r--+-S-,~S4L--;r~~.-S~-S~L--~E~ 
;::: . S 51. E · S ·o I. E S S I. E E 

l}f I:. 

T'f I ! 

I. 

'1.'1 I'• 

~. 5 () 

!.4 0 
/. 7 (l . 

! . ...: () 

2.8 . u 
2.'1 I) 

) • (J () 1 7 

2 .l 0 

:!.0 () 

2. 2 0 

2. 1 I) I •, 

I .b 0 

2.4 0 

4, 7 0 4. 7 0 4. 9 0 5 5.0 0 

4.1 o 4 s.t o' 4 5.2 o 4 · 5.2 o 
4.4 0 4.5 0 5 4.6 q 4 4.7 0 

4.4 () 14 4.8 0 14 4.9 0 13 5.0 0 

. J.l 0 ~-q 0 6.8 0 1. 7.1 0 

4. 3 (I 5 4.1 0 4. ~ . 0 5 4.6 0 

4.8 0 4 ).5 0 . 4 ~.6 0 3 5.7 0 
4. '! () 10 4.9 0 10 5.2 0 9 5.2 0 

4.:l () 4.'1 0 5 4.9 0 3 4.9 (l 

4.2 0 ~.1 0 5 5.2 ,0 3 5.2 0 

J.b 0 ).0 0 5.1 0 4 5.2 0 

4.o o 1:, :;.o o.IS 5.1 o 10 5.1 o 

J.:, n s,q 22 2 6.4 21 2 6.6 o 
4. 3 0 5. 8 10 5 5. 9 25 5 6.1 0 

llll~fS\1 +Art r '4 1.7 n 4 1.0 o 4 •,.~ n .4 5.<1 47 4 6.0 0 
..:..1-,,t-:-1 ::., +..:/.:. . .:.,+-,,.., +,.1..::>-+-1;..:_:..:, ,4-7:-o+I:-:1-+-::s.:.. :;-7 +l:-:2:-+7,.;-1 +-;6-.:;o-tq;;;<J~-;1-;1-+~6-;-.-:2;-t-;:;o-

-S-.. -N.-•.-n-f-c-.o-,r:l..vl\·,r·•: Sl.- '"··II len;<lh; 1·. E lnt;,l q;~s; IN- Tnt;,! nnd melln; * Sn,1ils 
Wt·r~~ introd;u',,d 'i d:1\'~; :dt,.r :tl~::d .ittllciiLttiun; ,'n': Prototype= .Clny 100 +Shell 0.5 + · 
Charcn:.l L + tw:tr :, + P.(lJlf· 0.'"1 ~ Fi::h o.S (s(•C Tetble 7). l~t liquid used for paste .1nd 
2nd for <JVf'rl:ty • 

1 

2 

. . Table 40. Effect of synthetic. muds (in Expt. 3) on survivorship, shell ieng~h 
C) ( ) d f nd' ty f B pfeiffcri renred for 6 >-·ceks * )( mm an ecu L 0 

0 Week~ 

** z 
Formulae .<: l 2 3 4 5 b 

"' ~ s SL E s SL E s S! E , SL E s SL E s Sl E 

1 5 1.8 0 ., 3.3 0 5 4.8 o. 5 ').6 0 'j b,fl 37 <; 1>.4 'J9 

5 4.7 0 ' ,5.9 0 5 .6.2 43 '; (,,] iii. 2 5 1.9 0 5 3.3 0 • 5 
Dis + Dis ' 3 5 1.9 0 5 3.4 () 5 4.7 0 5 5.7 0 'j 6.2 8) ) 6.;'i 127. 

TM 15 1.9 ·o F. 3,1 () l) 4','7 0 1'") 5.7 0 1:; "'~ 1 lb~ l'i (,.4 312 

1 5 2. 5 "0 5 4.h 0 'j 5.4 () 'j S.<J () ~· 'i;'1 4fJ 6: l . 49 

2 3 2.0 0 3 4.0 0 j ~;. 2 n ! &;i 0 3 6. ~· .() 3 (>. '1 7 
Dis +'Art 

3 5 2.5 0· 5 4.'7 () '• r •• o 0 •, 0.~", \'17 'i 6.'; 1& 'j &.& 7 

TM 13 2.4 () 13 4. 'j () I! r;,tJ () Ll 1>._2 107 1.1 6.:! J(, l'l (,.,., 62 

S • No. of survivors; .SL.'"" Shell length; E .,. Tot.:tl ('}{f.!o:; TM ~ Tnt.:1l and mc:m; ~., Sn.,ils 
we.re·introduced 'I days After lllgal inocul"tinn;· **Prototype~ Clay 100 + Shd.l I+. 
Charcoal 3'+ Agar 0.5 +Bone t·+ Fish 1 + KNOJO.fl5 :("'·<· T,,t.lc 7), ·l•t liquid usr·d for .. 
paste and 2nd for overlay. 

Exper.iment 5 

(55) 3 

·siderably smaller than found in Experiment 2, 
where the value over the same period was be­
tween 2.0 and 2.6 mm (see Tabl~ 39). Omitting 
bone meal or reducing agar, or the combination, 
might account for this unsuccessful attempt. 
However, it was certain that using modified 
artificial water I for pasting caused more 

.mortality (as in Formulae 3 and 4) than when 
distilled water was used (as in Formulae 1 and 
2). 

Th·e solid ·components used i'n the formulae 
were the same as those in Experiment 3 but in 
.some the amounts·u.sed differed .. <liarcoal was 
increased from 3 'to 4 ~-, fish meal was in­
creased from 1 to l. 5,. gm. and agar was reduced 
from 0. 5 to 0. 3 gm.; al togeth.er 4 formulae 
were.prep'ared. All Petri dishe.s .·in 811 for­
mulae emitted a· rott;en fish smell 3days after 
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Table 41. Effect of •ynthctlc muds (in Ex,et. 4) on 
survivorship nnd shell length (x) (nan) 
of B. pfrlfferi rc~red for 1 week * 

** Fonnulae 

Dis + Dis 

Dis + Art 

3 Mod Art T + D(s 

4 Nor! /,: 1 I + Art 

DiSh 
Week 1 

No. 

. I ·4 1.3 

2 5 Ll 

-5 1.3 3 
-~~--~~--~~---­

Total 
& Mean 

2_ 

3 

Tol;:l 
·6. t-it•;tn· 

1 

2 

.:l 

Tnt:il 
~ Nc.:tll 

14 

5 

5 

5 

I 5 

5 

3 

4 

~~ 

4 

4 

4 

1..1 

J.b 

J.b 

}.7 

l.b 

}.0 

1.1 

1.2 

1.1 

.1.6 

'I • f' : 

).7 

- -------+----
!'"';·! ___________ l '~·-··· 

12 ' ' J. 7 

~·: Snui1~ '""·en 1111.:.: !•'·.c•:; ~-d~•Jo·~; :.ft,:r :.ll,.:ll i_;•oco:­
Jation;·~·:·.': rn ... LOlj'JH ::::: Ll:!y j(l(; + :)LvJJ·0.5 + Ch:.r­
co~l 2 + ,\g;,t' O.J '· Fish''·'' ISCl' r.,t>lc· 7), l>t ' 
liquid u~cd fn1· p:rstP .:•n<l .?nci (c:-r over1••Y• 

algal inoculation. Since some spotty algal 
growth was found in all .dishes, snails were 
introduced five days after algal inoculation. 
All of those sna•ls were dead when examined 
one week ~fter they were introduced. The fail­
ure of this experiment.was probably due to 'the 
excessive amount offish meal used in the for-· 

.mula e. 

Experiment __ 6 

This exper.iment was designed to test 
whether asynthetic mud without fishmeal could 
support growth of snails; and whether kaolin 
or white sand could be substituted for pottery 
clay as a substrate for synthetic mud. For-· 
mula 1 was prepared so that all solid coinpo­
nen ts were exactly the same as the ones found 
in Experiment 5, except that KN03 was not ad­
ded. In Formula 2, fish •eal was omitted. In 
Fonnulae 3 a~d. 4,· k~olin and white sand re­
spectively were ·substituted for-pottery clay; 
the alga was inoculated as usual. In Fonnula 
~ •. strong rotten fish smell was eviden~ three 

.days after algal inoculation; no algal growth 
was observed. In -Formula l and Formula 3; al.­
though:the rotten fish smell was present three 
days after algal inoculation, spotty algal 

l 

2 
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Table 42. Effeet of synthetic muds (In Expt. 6) on sur­
vivorship, shell length (x) (mm) and fecundity 
of B pfclffcri reared for 3 weeks * -

0 .. Weeks 
** z 

Fomulae .c 1 2 3 
.!'! s SL E s 
"' 

Sl. E .S SL E 

1 0 

2 0 

Protot)·pe ) 0 

4 0 

TM 0 

1 s 2.1 0 5 4.4 0 5 5.5 8 

2 5 1.9 0 5 3.9 0 5 5.3 12 

No fiSh 3 5 1,9 0 5 3.8 0 5 5.8 37 
4 5 'I. 8 0 5 3.9 0 5 5.5 28 

lN 20 .i. .9 0 20 4.0 (1 20 50 5 85 

I 0 

.• :au lin 100 pn 2 (I 

3 in pl,te~ of 3 0 
Clay JOO gm 4 0 

TN (1 

I II 

s,ild t:.f) pn 2 (J 

4 ·in pi.:Kt~ of 3 II 
· Cl"y wo ~;m 4 il 

')'(-' " '' 
S =No. of ~urviv~)r~: .~·1. ~Shell h:nt_;:..h: J·.:.. lotal .._ ... gg~-; 
TM za Tt)l,d Wl.i mt ~111; ~·.- .~n~!i Ls wt.•rc inl ru,!,,v·d 12 d:Jy'> 
afLcr ;d,.:tl' lnOCl!LtLivn; ~·n·: Prototypt· = Cl.ty 100 + S1;, J l 
1 + Ch~tb. .. ~~:il. 4 + 1\g;ll·. 1);.) +Bone l :+Fish J.) (sel:' 'L:tbl.:.: 

· J), in ftl). fu,1uu1~1 .-, di~l. \~·:1lvr USt'd for J.;::.:Lt' .: . .111d mnd. 
art. "-·~lt:r 1 t r fv'r Ovt·rl;.y; '#All 4· di::hvt, IJulr~fil:d ] 
dny~~ :1Ctcr aJg:1l inocl:l;llifln, Lhcrcfor..:', nu sn~~.il~ t\·t.:n.: 

int rtHluc...:U. 

growth was still observed. In -Formula 2, the 
·algae grew nicely .. Silails were, ·consequently, 
introduced 12 days after thealgal inoculation 
to Fonnulae 1 'through 3; the.y were cultured 

.for three weeks with weekly examinations. The 
results are shown in Table 42. 

In Formulae .l and 3, all snails died by 
the end of the first week; in -Formula 2, no 
sn.ails died throughout the entire course of 
the' experiment. 

Growth of snails 1n Formula 2 was fairly 
good and was comparable to that in Formula 4 
of F.xperiment 2 (see Table· 39) and f'ormula 2 
of Experiment 3 (see Table 40). At the end 
of the third week, the. mean shell length was 
5. 5 mm. Egg-laying started at the end of the 
third week, which was, again, comparable to 
Fo rmu la 4 o f Exp e ri men t 2. 

.. To conclude: .. (a) synthetic mud without 
·_fish meal supported growth and egg production 
at least as well as the synthetic mud with 
fish meal; (b) the suitability of kaolin or 

.white sand as .substitute for pottery clay was 
not conclusively determinedinpresent experi­
ment since Fonnula 1, which supposedly served 
as control, was found not able to support 
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Table 43. Effect of synthetic'muds (in EKpt. 9) on 
survivorship and shell length (x) (mm) 
of B pfeifferi reared for 3 weeks * -

Weeks 

** Dish 3 Formulae No. 1 2 

s SL s SL s SL 

1 2 3.3 2 6.1 2 6.1 

2 4 3.1 4 4.0 4 4.0 

1 Prototype 3 3 3 •. 2 3 4.5 3 4.S 

2 

4 3 2.8 3 3.4 3 3.5 

Total 12 3.1 12 4.3 12 4.4 
.!. Mc~n 

1 0 

2 0 

No clny 3 2 1.7 0 

4 0 

Total 2 1.7 0 
~ t-!con 

S • No. of survivor:.; Sl ==Shell ll'nt_:tlq * Alg~,•.: 
were illo<.:u1 ntcd .·n1d ~n.:li J :-J \~·crt• introduced on .the 
same dny, more .:d~:"'.l: wcr1· im, ... uJat<:d 4 and 1 cJ.:.~y:. 
later; ""' ProlotypP ~ CL>:; JCI(I + Slwll 2 + Ch:.r• 
coal 1. + Ag~tr 0.~ (~€.'1: TttOJ,. 7), in l•rHh {o!"n,u!nc"t 
art. ·\,.-~LL!" USl·d fnr 1-J<:!S_l(' t"il_t<.J 0\"Lrla)'• 

growth because of the excessive amounts of 
fish. meal; and (c) in Formula 4 the fish meal 
apparently putrefied more rapidly in the pre­
sence of sand. 

Experiment 7 and Experiment 8 

Survival was very erratic, with numerous 
deaths in fonnulae.which were-satisfactory in 
previous experiments. The reasons for this 
mortality are not known. 

Experiment 9 

The solid components were pottery clay, 
oyster shell, charcoal and. agar. In order to· 
determine the value· of pottery clay, other 
than to serve as a substrate for algal growth, 
two fonnulae were prepared .having the same 
constituents with the exception that Fonnula 
2 lacked pottery clay. Afte'r introducing' 
snail.s into the four Petri dishes in each of 
the two formulae an excessive amount of alga 
w·as added to all of the Petri dishes on days 
0, .4 and 7 after snail introduction to insure 
immediate availability of algal food for all 
snails in the first week of their life; The 

(57) 5 

Tab!<' 44. Effect of <VlllhHir muds (!n F.xpt. 10) on sur­
vlvorsl:ip, ~hell 1Pngth.<X) (rrJ!:) .1nd fccundit\' 
o~ .!!· ~i ff,·ri nar<·d for 3 h"•.r>k~ · 

C"Oo(: 0 Wec·k :- · ..... .. ,.. \h'f z 
GJCOr:l Fonnul :1~ .c l 2 3 nl-<'0 .. " "' ~uc 

.,; s SL E ~-, Sf. F: ' SL E <oo 0 

I 5 3.0 0 5 5.) 48 ., 5.6 J 19 

2 5 3.0 0 5 5.6 16 5 5. 7 66 

1 
Prototype 

3 5 3. I 0 (Art + Art) ·' 6.0 57 -' 6.0 JOB 

4 5 3.0 0 I' 

TM 20 3.0 tl l:i . 5. 7 Ill J" 5. 8 293 

1 5 2.?. () I' 
2 5 2.0 0 II 

2 
Prototype 

3 5 2.0 0 II (BBM + Art) 
4 4 2.3 0 II 

~ TM 19 2. J 0 II .... 
• 1 0 

2 0 
3 

No clay 
3 0 (Art + Art) 
4 0 -
TM 0 

l 0 

2 0 
4 

No clay 
3 0 (BBM + Art) 
4 0 

11'1 0 

S ~No. of survivors; SL = Shell length; E = Total eggs; 
'I'M • Total and mean·; * Day 0 refers to the day snails 
were introduced; *'' Prototype -;. Clay 100 + Shell J + Cha'r­
coal 3 + Agar 0.5 (see Table 7), 1st liquid used for paste 
and 2nd for overlay; 6 ~ Snails killed by accident. 

snails were cultured 
results are shown 1n 

for three weeks and the 
Table 43. 

Survivorship was good in Formula 1n 
which 60% (12/20) of the snails survived 
throughout the 3-week period. In Formula 2, 
only 10% ( 2/20) survived to the end of the 
first week; and none to the end of the second 
week. The rate of growth was good in Formula 
1, with a mean shell length of 3.1 mm at the 
end of the first week; this value was almost 
twice that in Formula 2, in which the mean 
shell length in the same period was only 1. 7 
mm. 

This experiment indicated that the pot­
tery clay was essential in Formula 1 for the 

·growth of snails for reasons other than sup­
porting the growth of algae. It was also evi­
dent that soails could be cultured in the ab-
sence of bone meal. · 

Experiment 10 

The basic formula in this experiment was 
derived from Formula 1. of Experiment 9, but 
the _amount of oyster shell used was reduced to 
1 gm. Altogether 4 formulae, two with pottery 
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Table 44. Continued 

j:;:"'·:: ~ Weeks 
''"'"' ** z '-'>-
""""' Formulae .c 1 2 3 
I>IH"O 

"' "'" ,,., 
o-<O <' 

"' s SL E s SL E s SL E 
<COO 

1 3 2.6 0 3 4. 8 0 3 4.9 0 

2 5 2.5 0 s 3.9 0 5 3.9 0 

1 
Prototype 

3 5 2.6 0 5 4,4 0 5 4.4 0 (Art + Art) 
4 5 ·2. 8 0 5 _4,8 0 5 4.~ 0 

TM 18 2.6 0 18 4.4 0 18 4.5 0 

l 3 2.3 0 3 4,1 0 3 4.8 14 

2 5 2. 2 0 5 3. 7 0 5 3. 7 0 

2 
Prototype 

3 4 2.4 0 4 . 4, 7 0 4 5. l 14 ~ (BBM + Art) 
o<l 4 4 2. 2 0 3 5. 1 0 3 5.4 34 
M 

Til l.G 2.3 0 15 4.1 0 15 4. 7 62 
,.,; 

1 4 1.5 0 0 
,..;-

2 3 1.5 0 1 1.7 0 1 1.8 0 

0 3 
· No clay 

3 1 1.5 0 0 (Art + Art) 
4 1 1.7 0 0 

TM 9 l • 5 0 1 1.7 0 1 J .8 0 

1 0 

2 1 1.2 0 1 1.7 0 J 1.7 () 

4 
No clay 3. l 1.2 0 n 

(BBH + Art) 
4 () 

TH .:1 1 ') '() J J ' 0 I 1.7 1.1 ---· ·-·-:- --
clay and two without pottery clay, wer'e pre­
pared. For each formula fou'r Petri dishes, 
totaling 16 dishes, weremade; algae were then 
inoculated.- Snails were introduced 14 day·s 
1 ater (designated hereafter as' -14 day group'). 
On the day of snail introduction (day 0), du­
plicates· of the above four formulae, each 
still with fourPetri dishes totaling 16 dish­
es, weremade. Into these 16 dishes the snails 
were also introduced immediately after algal 
suspension, in excessive amount, was inoculated 
(designated hereafter as '0-l-2-3-4 group'). 
Snails in both the -14 group and the 0-1-2-3-4 
group were cu 1 tu red for three weeks. Mean­
while, more algal suspension, still in exces­
sive amount, was repeatedly added to the 0-l-
2-3-4 group on days l, 2, 3 and 4 after the 
introduction of snails; the results are shown 
1n Table 44. 

Survivorship was good at the end of the 
first week in Formula 1 and Formula 2 o.f both 
the -14 and the 0-l-2-3-4 group, andcontinued 
to be so until the end of the third week. Un­
fortunately, dish 4''in Formula· 1 and all of 
the dishes in Formula 2, all i"n -14 group, 
were accidentally· destroyed. On the other 
hand, the survival in Formula 3 and Formula 4, 
regardless of whether they were from the -14 
group or from the 0-l-2-3-4 group, was very 
poor. No snails were alive at the end of the 
first week 1n Formula 3 or Formul·a 4 of the 
-14 group. In the 0-1-2-3-4 group, only 10% 
(2/20 in Formula 4) to 45% (9/20), in Formula 
3) of the snails survived to the end 'of 'the 
first week; attheend of the third week, only 
5% ( 1/20) in each formula were alive. 
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Table 45. Effect of synthetic muds (in Expt. 11) on 
survivorship of B. pfeifferi reared for 
4 days * -

** Dish Days 
Formulae .. No. 1 2 3 4 

1 4 4 4 0 

' 2 5 5 5 0 

1 Prototype. 3 5 5 4 0 

2 

4 5 5 5 0 

Total 19 19 18 0 

1 0 

2 0 

No charcoal 3 0 

4 0 

ToLal 0 

* Algae w0rc; inoculaLe,d nnd snails were introduced 
on the snme day, more·algac were inoculated 1, 2, 
3 and 4 d:1ys l~tcr; 

*~' ProtoLypc = Shell 1 + Ch0rcoal 3 +Agar 0.5 (see 
Tablt! 7), 'in both formulae, art. wat£:r used for 
paste and overlay. · 

Using the available data, the rate of 
body growth was best in Formula 1 of the -14 
group, which had a mean shell length of 5.8 
mm at the end of the third week. The growth 
in both Formula 1 and Formula 2 of the 0-1-2-
3-4 group was about the same for the same pe­
riod of time, g1 ving a mean shell length of 
4. 5 mm and 4. 7 mm, respectively. The growth 
in both Formula 3 and Formula 4 of the 0-1-2-' 
3-4 group was rather poor, giving only 1.8 mm 
and 1.7 mm, respectively in the mean shell 
length for the same three-week period. 

Egg-laying was first observed in Formula 
of the -14 group at the end of the second 

week. This time interval was, so far, the 
sh"ortest· ever observed forBiomphalaria pfeif­
feri snails with either natural or synthetic 
mud. At the end of the third week egg-1 aying 
was also found in the Formula 2 of the 0-1-2-
3-4 group. 

To summarize: (a) the conclusions from 
Experiment 9 were confirmed, i.e., .of the ma­
terials _tested pottery cl~y was essential for 
the growth of 'snails and the snails could be 
cultured in a synthetic mud "without the _addi­
tion of bone meal; (b) inoculating algae be­
fore introducing snai 1 s was not a necessity, 
but it was be.tter for snail growth '(compare 
Formula 1 of th'e -14 group with Formula 1 of 
the 0-1":-2-3-4 group); and (c) with everything 
'else equal between 2 formulae, 'the use of BBM 
'for mixing (Formula 2 of the ·o-l-2-3-4 group)· 
r'esul ted in bette'r body growth and egg pro­
ducti_on than the use of artificial water (For­
mula 1 of the 0-1-2-3-4 group). 
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Prolt>Lyp.c 

:~ 2 ,n n 

:) .2 .6 () 

1+3 2.60 

4 2. ~ (\ 

s. J 21 

.~"),(J 0 

4.G 0 

! ... 7 

: •. 1 J(, 5. J 0 

s.~ 11 4 s.4 o 
:; • ~\ (J 5. 6 0 

4.'l 0 

TN 20 !.. • 7 n ~n ,... . .-, 7% > ' .-~. 1 :17 1 () ·i. :~ 0 

3 No shell 0 

4 

1.'> 0 41.7 0 ,,J 
1.6 (l 

2.0 0 

l,C) 0 

l. 6 0 

2.0 () 
1. C) 0 

4.0 0 0 
2.2 0 0 
l. C) () 0 

TM.W1..70l71.8 0 62;4 0 0 

0 

0 

4 Clay and 0 0 agar only 

~ ~4~~04---~~+---~~-+--~--+--+--4---
TM 0 

5 No clay 

1 l. 2 0 
2 '0 

2+ 1 1 1. 3 0 0 

l. 7 0 0 

4 4 1.4 0 2.0 0 0 

TM 8 1.3 0 4 1.9 0 0 
S • No. of survivors; SL • Shell length; E = Total eggs; 
TH • Total and mean; * Snails were introduced 16 days after 
algal inoculation; >h> Prototype ='Clay 100 + Shell 1 + 
Charcoal 3 +Agar 0.5 (see Table 7), in all formulae, art. 
water used for paste and overlay unless otherwise indicated; 
# • Growth of al·gac on day 0 ( = the day snails introduced). 

E xp e rime n t 11 

.From Experiments 9 and 10 it was conclu­
ded that formulae without pottery clay didnot 
support snail growth. As a preliminary test 
for the experiment that followed (Experiment 
12 below), the role of charc·oal in the. formu­
lae was tested without pottery, clay. Formula 
1 contained charcoal. and Formula 2 did not. 
The algal suspension, in excessi.ve amount, was 
inoculated to both fonnulae on days 0, l, 2, 
3 and 4 after the snails were introduced. 
Snails were checked daily. The results are 
shown in Table 45. 

In Formula 1 most snails survived to the 
end of the third day and all were dead at the 
end of the fourth day. With Formula 2 all 
snails were dead at the end of the first day. 
It is 1 ikely that the charcoal absorbs toxic 
substances from the· formula. 
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Table 46, Continued 

0 Weeks 
~·:~': :,•, 

FoJl!'u1ac fl .c' l 2 3 4 

"' ~ s ~I. !: ' Sl F s 51. E '· Sl. F. 
·-

l 4 ).') ( ~ ! :!.0 (• l 2. :) " 0 

2 0 
6 Shell rmrl 2+ ·' () 

agar only 
4 (l 

Til 4 1. ~~ ~~ l 2.0 (l l 2. ·, 0 (I 

J 4 1.~~ [) () 

Charcoal 2 () 

7 nnd ng,,r 0 3 0 only, 
4 I I. 5 0 0 
TH ·' !.'4 () (> 

I 2 I. I 

] 
u 

2 0 

8 Agar only 2+ 3 0 

4 2 1.2 0 

'n1 4 J.J () 0 

1 5 2.2 0 5 4.1 0 5 .J. 5 102 5 5. 7 121 

Prototype 
2 5 2.0 0 4 3.6 0 4 4.7 7 4 4,9 0 

9 (BBN + Art) 3+ 3 5 1.7 0 4 1.9 0 3 2.2 0 2 2.6 0 

4 5 LBO 4 2.0 0 2 2. 3 0 1 2.6 0 

TM 20 !.9 0 17 3.0 (l !4 4.1 JVJ I 2 4.7 I 21 

1 5 2.8 0 5 6.6 0 5 7.2 169 5 7.2 II 

Natural 
2 5 2.7 0 5 7.0 0 5 8.0 8'> 5 8.0 0 

10 mud 3+ 3 5 3.4 0 5 7.0 0 5 8.3 0 5 e :s 0 
(Dis + oi.s) 4 5 3.3 0 5 7.3 0 5 7.6 137 5 7.6 0 

TM 20 3.0 0 20 7.0 0 20 7.8 391 20 7.& II 

E xp e r i men t 1 2 

Formula 1 of Experiment 10, in which al­
gae were inoculated.l4 days before snail in­
troduction, was found best for supporting both 
growth and egg production among all of the 
formulae tested in the previous ll·experimen ts. 
Therefore, in this experiment, this formula 
was used as a prototype. Based .on this .proto­
type, altogether 8 formulae (1 through 8), 
were designed· in such a way lts to determine 
the .roles of pottery clay, oyster shell and 
charcoal. Formula 9 was designed to compare 
the efficiencies of artificial water and BfN,. 
when both were used for mixing. Formula 10, 
in which natural mud was used in place of syn­
thetic mud, served as control. In Experiment 
10 it had been shown that j)rior algal inocu­
lation was better than inoculation immediately· 
after introduction of the snails. In this ex­
periment, ther~fore, algae were inoculated 16 
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Table 47. Summary of synthetic mud formulae which support good growth 
of B pfeifferi 

Synthetic muds Snails 

Expt. For- Solid (gm) Liquid S.(%) SL (mm) Oviposi. mula No. She- Char Paste Overlay at wk at wk at wk No. Clay Agar. Bone Fish KN0 3 11 coal ( 70 ml) (240 ml) 2 2 3 I 2 3 
,. 1 100 0. 5 2 2 0.5 o. 5 - Dis Dis 100 4.4 4.8 - -

2 100 0.5 2 2 0.5 0.5 - Dis Art so 4.3 4.9 - -2 
0.5 0.5 0.5 llBMSU Di.s 100 4.0 5.0 -3 100 2 2 - -

4 100 0.5 2 2 0.5 0.5 - . BBMSU Art 80 3.Q 5. 7 - + 

3 
l 100 l 3 0.5 1 l 0.05 Dis Dis 100 3.3 4.7 - -
2 100 l 3 0.5 I l 0.05 Dis Art 87 4.5 5.6 - -.. 

6 2 100 l 4 0.3 1 - - Dis Hod Art lOCI 4.0 5. 5 - + III 

9 l 100 2 3 0.5 - - - Art Art 60 4,] 4.4 - -
A-1 ·100 ·l 3 . 0.-5 - - - Art Art 75 ).7 -•• 8 ! + + 

10·· 3 
I 

I :.. " I -B-1 100 1 0.5 - - - .A~t. I Art 90 4.4 -
B-2 100 1 3 0.5 - - - J'.B:-1 I Art 75 4. 1 [;. i - + 

l 100 1 3 0.5 ' - - - Art Art 95 J.) _,,, ... - + 
12 2 100 1 - 0.5 - - - Art Art 100 4.'l .rJ,] + + 

9 100 l 3 0.5 - - - HBM Art 8.'i 3.0 4. l - + 

S Survivorship; SL""' Shell length; A= -14 group; B 0-l-L-]-Lo. g:-oup. 

days before snail introduction; 
cultured for four weeks and 
shown in Table 46. 

thesnails were 
the results are 

Survival was good in Formulae 1, 2, 9 and 
10, with all snails alive at the end of the 
first week; at the end of the fourth week, the 
survival was 90% (18/20), 95% (19/20), 60% 
(12/20) an<i 100% (20/20), respectively. The 
rate of growth was also good in these formulae, 
with mean shell lengths of 5. 8 mm, 5. 2 mm, 4. 7 
mm and 7.8 mm, respectively, at theend of the 
fourth week. The poor survival and growth in 
Formulae 3 through 8 indicate that elimination 
of oyster shell orpottery clay was detriment­
al. 

The algal growth in the present experi­
ment was closely ··related to snail g'rowth. In 
other words, luxuriant algal growth ·was carre­
l a ted with better snail growth. 

Egg~laying was. first observed in Formula 
2 at the end ·o I the second week and it wa~ of 
the same m a gn i tu· de a s found in one o f the for­
mulae in Experiment 10 (see Table 44, Formula 
1 of -14 group). By the end of the third week, 
egg-laying had started 1n Formulae l, 9 and 
l 0. 

From this experiment the following con­
clusions are made: (a) synthetic inud, composed 
of pottery clay, oyster shell, charcoal and 
aga·r and mixed with ar ti fi ci al water to form 
a paste and using the same kind of ·water as 
overlay (as Formula 1) was found suitable for 

snail growth and egg-laying; (b) omission of 
charcoal from the formula did. not affect the 
rate of growth to a great extent (compare For­
m u 1 a e l an d 2 ) , i n fa c t th e s t a r t o f e· g g- l a y -
ing might be enhanced by the abse(!Ce of char­
coal; (c) omitting oyster shell was harmful 
to both survival and rate of shell growth 
(compare Formulae 1 and 3); (d) pottery clay 
and agar alone di~d not support the snails 
(compare Formulae 1 and4): (e) formulae with­
out pottery clay did not sustain the snails 
( Formulae 5 th rough B) ; and ( f) for mixing, 
a rti fi ci al water was superior to BIJ.l in sup­
porting the survival and rate of growth, but 
the BIJ.l ·was, in turn, superior to artificial 
water in terms of fecundity of sn_ai Is (compare 
Formulae l and 9). 

For convenience the formulae in which 
the survivorship of the snails was 60% or more 
an.d the mean shell length was 3.0 mm or more 
at the end of the second week are listed in 
Table 47. Altogether 14 formu·lae were in­
volved. Formula A-1 of Experiment 10 (and the 
identical Formula l'of Experiment 12) and For­
mula 2 of Experiment 12 were found. most pro­
mising. 
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DISCUSSION 

Part I. The Effect of Crowding on Survivorship, 
' ·Growth and Fecundity 

Although the growth and fecundity of 
schistosome snail vectorshavebeen studied by 
many workers, suit~ble methods for culturing 
Bulinus globosus and Biomphalaria pfeifferi, 
both important African intermediate vectors, 
are difficult to find. There are only a few 
workers who have studied the growth and fecun­
dity of these two species of snails intensively 
(Shiff, 1964a, 1964b; Sturrock, B.M., 1966 and 
Sturrock, R. F.·, 1966). A few other workers 
have found these snails rather difficult to 
maintain in laboratory cultures (Jennings et 
al., 1970 and Lo, 1972) .. Methods undertaken 
with .the use of trays now indicate that those 
snails can quite easily be cultured in the la­
boratory provided certain care is exercised. 

1. Bulinus· globosus 

As judged by survivorship, the present 
tray method appears to be promising. With four 
different population densities, i.e., 5-, 10-, 
and 40-snails per tray, there was 80% to 100% 
survivorship over an-eleven-week period (Table 
8). These values are 20 to 40% higher. than 
the highest value obtained by Shiff (l964a) 
who cultured the same species of snails in 
large tanks with six snails or less per tank. 
While more detailed comparison with his work 
will be discussed later (Part II), i•t suffices 
to state that.this .tray method stimulates el_lr­
lier and greater.egg production and the snails 
have larger shells. 

With respect to body growth, there was a 
definite trend to'ward reduced growth with an 
increase in individual variation of shell size 
as the snails became more crow·ded (Table 8 and 
Fig. 2). At the same time fecundity was also 
adversely affected under conditions of crowd­
ing (Table 9 and Fig. 3). Shiff (l964b) in­
dicated t~.atBulinus globosus snails at a den" 
si ty of one snail. per liter of 'water showed 
optimum body· growth. The optimum. number of 
snails in the presen.t investigation depended 
on the avowed purpose of the culture. 

For obtaining good survivorship and body 
growth, the method using five snails per tray 
during the later weeks in culture is recom­
mended, since survivorship washigh'est and the 
shell length was largest. In practice, one 

"can sta'rt 40 newly hatched snails in a tray 
culture; at the end of the second week the 
snails (about 2.4 mm long) can be placed in 4 
trays with 10 snails per tray. After the fourth 
week these snails (n_ow about 5. 5 mm) can be 

rehoused 1n eight trays with five snails per 
tray. Following the 'sixth week, the snails 
(about 8. 2 mm) would then be msture. 

To obtain good egg-laying, the method us­
ing 10. snails.p.er .tray during the later weeks 
is recommended. While it was shown that the 
numberofeggs laid per snail in 10 snails per 
tray was smaller than in trays with five snails 
per tray, the total yield of eggs in the for­
mer was considerably greater. A density of 
20 sna'ils per tray or 40 snails per tray is 
not recommended either for growing snails or 
for egg production. Most eggs were laid on or 
under lettuce leaves (Table 10); the signi.fi­
cance of this pattern will be discussed in 
Part II. 

2. Biomphalaria Pf£ifferi 

The tray, method was excellent for cul­
turing this species a·lso .. After the initial 
rearrangement of the cultures by the end of 
the second week none of the snails died during 
the entire period, As with Bu linus g lobosus, · 
reduced growth rate and increased individual 
size variation were observed as the snails be­
came more crowded (Table 11. and Fig. 4). Y1ith 
this same spe·cies Sodeman (1970) reported that 
stunting did not affect the start of egg pro­
duction in any of the populations he tested 
with 7, 14., 35 and 55 snails per tank. In the 
.present study, however, the start of egg-lay­
ing in the group with 40 snails per tray oc­
curred one week later than the remaining groups, 
with 5, 10 and 20 snails per tray (Table 12): 
The differences observed were probably due to 
the larger size of the tank used by Sodeman; 
it was big enough no.t to became a growth limi-

. ting factor. The tray used in the present 
study was relatively small and it became a li­
miting factor with 40 snails in it. The small 
number of eggs produced also showed that ad­
verse conditions existed because of cro.wding 
(Table 12 and Fig. 5). 

Again the optimum number of ~nails to be 
accommodated .in one tray depends on the pur­
pose of the cult~re. If the snails are to be 
grown faster and to a larger size they should 
be cultured using five inails per tray at the 
very be'ginning of the culture, since density 
effects appear as early as the end of the sec­
ond week. Although in these cultures growth 
rate decreased as density increased, body. 
growth with either the 10-, 20- or 40-snail 
groups sti 11 surp~~sed the size obtained by 
Sturrock, B.M. (1966) and Sturrock, R. F. (1966). 

For )urposes of obtaining more eggs, the 
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snails should be cultured at a density of t~w 
snails per tray. It might be argued that, 
s1nce all of the energy available in a tray 
was about· the same, the total yield of eggs 
from one tray should be similar to snother re­
gardless of the number of sna.ils present. Re­
sults shown in Table 12 indicate that this was 

.not. the case. A simple multiplication shows 
that the total numbers of eggs produced ~n 
trays with five snails per t'ray were 10,360 
(2,072 X 5); 10_snails, 12,820 (1,282 X 10); 
20 snails, 10,960 ( 54fl··x 20); and 40 snai 1 s 
9,000 (225 X 40). One might argue that these 
calculations did not consider the differences 
in the time when egg-laying started (between 
the·third and fourth week for 5-', 10- and 20-
snail groups, but· the. fourth· .and fifth week 
for the 40-snail group). Recalculating and 
counting from the fifth week showed that the 
results were esset~tially the same, t.e., 10,200 
(2,040 X 5), 12,680 (1,268 X 10), 10,8fl0 (544 
X 20) and 9,000 (225 X 40),respectively. Con­
sequently there was no q~j.estion but that a 
density of 10 snails per tray was best for egg 
production; the 20-snail group was next, fol­
lowed by "the 5-snail group; and the 40-snail· 
group showed the smallest in egg production. 
In this instance most eggs ·were laid on the 
walls of the trays (Table 13), and the signi­
ficance of this observation is discussed in 
Part II. 

Najarian (19GOb) in his study of Bulinus 
truricatus found that differences in the volume 
of water per s.nail did not affect the mean num­
ber of eggs per egg-mass laid. However, Cher­
nin and Michelson (1957a) found that with Bi­
omphalaria glabrata the more crowded the snails 
the fewer the eggs per egg-mass. In the pres­
ent study with Biompha..laria pfeiffer·i it was 
also observed that the more crowded the snails 
in a tray, the smaller the meari n~mber of eggs 
per egg-mass (Table 14 and Fig. 6). 

Wright (19GO),wbrkirig with Bulinus fors­
kalii, and Webbe (l96-2a) with Biomphalaria su­
danica tanganyicensis (Smith), foJJnd that the 
number ·of eggs per egg-mass increased as the 
parent snails became older. Similarresults 
were obtained by Sturrock, H. M. (1966) with 
Biomphalaria pfeifferi kept individually in 
250 ml of dechlorinated tap water in crystal­
lizing dishes; the num\:>er of eggs per egg-mass 
increased from about 6.1 to 12.5 during the 
eighth to thirtieth week period.· In the pres-· 
ent study the d'ata also show that the number· 
of eggs per egg-mass increased as 'the snails 
aged. From the start of egg-laying up to 12 
weeks in age, the n·umber increased 'in the 5·­
snail group_ from 6. 5 to 18.8; in the 10-snail 
group from 6.4 to 16.2; in the 20-snail group 
from 6.1 to 11.1; and in the 40-snail group 
from 3.9 to 8.1 (Table 14 and Fig. 7). 
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Pa'rt i I. The Effect of Types of waters on Sur­
vivorship, Growth and Fecundity 

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

1. Survivorship and Growth 

As shown in Table ·15, the survivorship 
of Bul inus globosus was apparently not affected 
by the types of waters used since the percen­
tage of the snails surviving at the end of the 
forty-fourth week was 73.3% (.11/15) in all 
three types of waters used. The survivorship 
of Biomphalaria pfeifferi was also unaffected 
by the types of waters used, except that those 
in spring water showed lower survivorship 
(Table 19). As to the rate of body growth, 
there seemed no significant difference~ among 
snails in the types of waters tested, as shown 
for both the Bulinus globosus and the Biom­
phalaria pfeifferi groups (Tables 15 and 19). 
When the growth curves for both species were 
compared with thos~ given by Shiff (1964b) and 
Sturrock, B.M. ( 19(.6) some significant differ­
ences appeared. The snails 1n the present. 
study always completed logarithmic phases ear­
lier ·and grew bigger than the snails reported 
by those investigators. Presumably in the 
present investigation enough substances, both 
organic and inorganic, were seeping from the 
mud mounds into the overlying water, whatever 
the type of water-deionized, disti I led, tap 
or spring: Thus, the types of waters used 
were not crucial for the snails as far as their 
sur vi vorsh ip and body gr~wth were concerned. 
Again, it was confirmed that the tray method 
was p romi sing. 

2. Fecundity 

The fecundity of Biomphalaria pjeifferi 
·and especially ofBulinus globosus were great­
ly affected by· t~e types of waters used. As 
shown in Table 16 and Fig. 9, the number of 
eggs produced by Bulinus globosus in distilled 
water was always twice or more·. than that pro­
duced by those in spring water. A similar 
pattern, though with a less significant dif­
ference, was also observed in egg production 
of Biomphalaria pfeifferi, as shown in Table 
20 and Fig. 11. Those observations imply that 
the ·spring water used was exerting some nega­
tiv'e effects on egg production. Harrison et 
al.· (1970) also found egg-laying rates with 
Biomphalar·ia pfeifferi were lower when they 
were cultured in hard waters. 

While the·numbers of. eggs produced by Bu­
l inus globosus ·in tap water were somewhere be-
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tween those in distilled water and spring wa­
ter, the number produced byBiomphalaria pfeif­
feri was highest in this same kind of tap wa­
ter for egg-laying was distilled water with 
Bulinus globosus and tap water with Biomph9-
laria pfeifferi. Harrison and Shiff (1966) 
and also Williams (1970a, 1970b) found that 
the chemical composition of the water exerted 
a profound influence on Bulinus globosu.< and 
Biomphalaria pfeifferi. They found that Bu-
l inus globosus w~s present in water bodies 
throughout the whole range of the hardness. 
but the p6p~lations were denser in the medium 
hard water; Biomphalaria pfeifferi, on th., 
other hand, was restricted to medium and hard 
waters. The .data in the present study essen­
tially .confirm the results just mentioned. 
When distilled water overlies the mud mound, 
it could be considered a medium water; tap wa­
ter over the mud mound would be hard water. 
Spring water over the mud mound would then be' 
'supe'rhard' water. ·There fore. the latter was 
not suitable even for Biomphalaria pfeifferi. 

The reasons for the way the hardness of 
the water affects the number of eggs laid are 
not clear. , It is possible that with Bul inus 
globosus distilled .water may somehow change 
the texture of the lettuce, the algae, or both, 
in such. a way as to render them more .easily 
ingested by· snails, thus providing more food 
materials to produce eggs. On the other hand, 
with Biomphalaria pfe ifferi it is possi b) e that 
a change in 'texture of thes.e foods as hrotq~·ht 
about by tap water was more easily ingested 
and thus more nutritional for egg production; 

Shiff · 091i4a, Table 2, <:5° C) reported 
that the number:of eggs laid per Bulinus glo­
bosr.is snai 1 was 1, 032 over a 44- week period; 
in the present study with distilled, tap and 
sprin. waters ove~ the 44-week period the va­
lues were 4,480, 3,391 and 2,053,respectively 
(Table 16). With Biomphalaria pfeifferi, Stur­
rock, R.F. (1961;, Fig. 2, 25° C) reported the 
number of eggs laid per snail was about 930 
over a 29-week period; in the present study 
with deionized, distilled, tap and spring wa­
ters over the .same 29- week period these values 
were 3,949, 4,111, 4,764 and 3,4h5, respect­
ively (Table 20). These results imply that 
the tr11y method provided even better conditions 
for reproduction. 

3. Sites of egg-laying 

In Part I of this dissertation it was 
mentioned briefly that Bulinus globosus laid 
most eggs on or under lettuce leaves when those 
snails were cultured with spring water; Biom­
pha lar ia pfe if fer i laid most eggs on the walls 
and' bottoms of' the trays when they were cul­
tured in tap water. These findings are sup­
ported by the data in Tables 17 and 21, which 
strongly indicate that the types of waters 
us.ed significantly influenced the sites used 

for eig-laying with both Bulinus globosus and: 
Biomphalaria pfeifferi snails. In distilled 
or deionized water most eggs were laid on the 
wall and bottom'of trays; in tap water only a 
modest number were laid on these sites, and in 
spring water the smallest number were d~posited 
there. 

These differences in fecundity and in the 
sites of egg-laying, together with the infor­
mation obtained from water analyses (Table 
lB), all suggest that water hardness plays an 
important role in cui turing !<nails, especiall.Y 
in their reproductive potential_. 

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

For some time it was known that snails 
maintained in aquaria had 'distinct preferences 
for certain egg-laying sites and that the egg 
ou~put was lowered under unfavorable condi­
tions (Barlow and Muench,i951; Standen, 1951; 
01 i vier and Haskins, l4iJO; 01 i vier e t a.l., 
l%2:' Shiff, 1964c; and Pellegrino and Gon­
«;alves, 191>5). Coles (1970) showed that the 
egg-laying behavior with three specieM of Hi­
omphalaria in laboratory was related to 
the environment from which the~e snails origi· 
nated. He found that· 90%. of the· egg-masses 
laid by Biomphalaria sudanica were dt>posi.ted 
on floating plastic; with 13iomphalaria pft•if­
feri it was only 49%; with Hiomphalaria clwa• 
nomphala all egg-masses were found on the bot­
torn of the bowls. The B. sudanica came from 
swamp water where the egg-masses would be sub­
jected to anaerobic conditions if they were 
not laid close to the sur.face; the B. pfeij'~ 
jeri cam~ from a rocky stream with only small 
amounts of floating vegetation;· and the B. 
choanomphala originated from gravel beds at 
the bottom of the lake, where higher plants 
were absent for the deposition of egg-masses. 

In the present study it was fourid that 
the percentages of eggs laid on a particular 
site varied according to the types of waters 
used. Both Bulinus globosus and Biomphalaria 
pfeifferi laid most of their eggs on the walls 
and bottoms of the containers. when they were 
maintained in distilled water or deioni~:ed 
water;·. they t'aid fewest egg~ on these sites 

. ·when they were in spring water; in· tap water 
the number of eggs laid on these sites varied 
from experiment to experiment (Tables 22, 23 
and 24). Reasons for these differences are 
not clear. Presumably the sites for egg-lay­
ing were governed by a behavior pattern· like 
that advocated by Standen (1949 and 1951). He 
noticed that snails did not lay eggs on any 
su·bstance likely to decay before the normal 
egg incubation period is completed. For ex­
ample, they oviposited on raw lettuce but not 
on cooked lettuce. In distilled water the low 
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concentration of ioris caused the lettuce to 
decay· mor-e readily,. and the snails then had no 
choice but to lay ·their eggs on the wall or 
bottom of the container .. With spring water 
the· high concentration· of ions prevente.d the 
lettuce from decay:ing. Consequently, the 
snails had a choice and could select the sites 
they preferred. Since the site underneath let­
tuce leaves was'relatively secluded·, the snails 
seeine,d' to 'prefer 'laying their eggs there. In 
tap wat.er, the ion concentration .fluctuated, 
presumably due to·the fact that the_ water came 
fro'm sever'al sources, -arid the degree of let­
tuce decay thus also fluctuated. In .this case, 
the. percentages of eggs laid on the container 
wall and bottom also fluctuated. 

C, Culturing Snails in Calcium, Magnesium, 
or Calcium-magnesium Water 

E-ssentially this study repeats the work 
described in 'A'' above except that waters· were 
used with known amounts of the chemicals, cal­
cium and mign~sium. It appeared that neither 
calcium water rior magnesium water had ·any ad­
'v~rse effect on the' survivorship of Bulinus 
globosus or ·.Biomphalaria pfeifferi snails, 
since none died durin~ 'the experimental peri­
ods. Similarly, neither the calcium water nor 
the magnesium water affected the rate of growth 
in Bulinus globosus snails (Table 25 and Fig. 
12). With Biompha !aria pfe ifferi the calcium 
water ma'y have had some adverse effects as 
judged by the data found 1n Table 28 and Fig. 

14. 

Egg-laying,on the other hand,was strong­
! y affected by the types of W!\ters used with 
both Bulinus globosus (Table 26 and Fig. 13) 
and Biqmphalpria pfeifferi (Table 29 and Fig. 
15). In both cases, calcium water was found 
to be responsible for reducing egg production. 
Harrison et cil. (1966) observed that high ra­
tios of magnesium-to-calcium (12.4 to l) sig­
nificantly lowered the egg-laying potential 
of, Biomphalaria'pfeifferi. The magnesium wa­
te-r at the concentrations tested, however, did 
.~ot show any adverse effect on the egg-laying 
of the snails in the present study. · 

Th'e reasons for the reduction 1n egg­
.l~ying in calcium water were not clear. ·The 
possibiLity remains that calcium ions might 
somehow change the texture of the algae or ·let­
tuce, or both,· so that they were less easily 
consu.med by the snails, so that· the snails in 
c~lcium wa'ter had less food for egg· production. 

As t~ the sites of egg-layirig, both Bu­
{inus glbbosus and Biomphalaria pfeifferi 
showed ~imilar,behavio~ patterns in tha~ they 
laid fewest eggs on the container when they 
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were in calcium water and most of their eggs 
on 'th'·at· same site when· they were• in magnes1um 
water (Tables 27 an·d. 30)-.. The reasons for 
these differences in egg-laying sites, were 
probably similar to those gi,ven in.'B' above, 
i.e.,··calcium.water somehow hardened the let­
tuce leaves~ and the sn~ils selected the let­
tuce for egg-laying. -In the waters without 
c·alcium the lettuce decayed q"ickl.y, and the 
snails had to lay their eggs op the container 
walls or bottoms .. 

Part Ill. The Effect of Va~ious Species of 
Algae and Various Kinds of Muds and Mud 

Extracts on the Growth of 
Biomphalaria pfeifferi. 

A .. Culturing Snails in Unial-gal_Preparatlons 

V~ry few investigator~ have deliberately 
inoculated algae into snail cultures _and those 
who did generally used the filamentous blue­
green alga Oscillatoria sp. 1his alga at 
times was found harmful to the snails. In the 
pre><ent ·study, with all of the blue-green al­
gae .and diatoms tested survivorship was found 
generally to be fair to excelient (Table :111. 
Such authors as Malek (1958), Gohar ail(] El­
Gindv ( 1962) and Webbe ( 1962b) considered that 
it ~as the quantity of blue-green algae and 
diatoms, rather than the quality that was im­
portant for conditio~ing .the habitats of 
snai 1 s; also the snai 1 density 'and the sizes 
of individuals were correlated direct.iy with 
the amount of- food available. I~ tlie.pre~ent 
st. u d y i t i s shown that the kinds o f a l g a e used 
did affect the rate of growth, at least when 
the algae were young, as in t.he 10-day 'and 14-
day groups in Table 31. From Table :n it is 
clear that any one of the two pure blue-green 
algae, i: e., Nostoc muscorum or F_isr:herct>lla 
ambi.gua, supported snail growth he.tt.er than 
did the mixture of blue-green algae. 

B. Culturing Snails in Various Kinds of Tray 
and Petri Dish. Preparations 

Wright (1960) considered t~at. at. least 
three factors were involved ,ln stunting of 
snails-food, coli i si ons a~d ch~mical react ion 
due to 'pheromones.' In the present study, 
although no snails were found stunted in any 
of the cultures tested,. there were, nev~rthe­
less, significant diffe.ren.ces among snails, 
as shown ·in Table 32 and Figures 16· and 17. 
The fact that th~ snails in the Nostoc musco­
rum cultures were larger than those found in 
the mixture of blue-green algae. was probably 
due to the higher n.utritiona.l value of the 
former. It is alsopresumed that the addition 
of lettuce was-an impro.vement because it 'might 
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provide addi tiona! nutrition for Rnails i.n the 
production of more eggR. The fact that larg,er 
snails were found in trays, as compared to 
Petri dishes, however, could not.be interpreted 
as simply a food factor since no more alga or 
let'tuce was provided in trays than in Petri 

.dishes. It would appear that the collision 
and pollution factors were more likely. involved 
in terms of the differences between trays and 
Petri dishes, since in the former there was 
1,500 ml of water per tray with a surface area 
of about 600 cm 2 while in the latter there was 
only 60 ml of water per Petri ~ish with a' sur· 
face area of only about 60 em . lebbe (1962a, 
l962b, 19~5) recommended the use of mean growth 
curves to designate the probable age of snails 
collected in the field. The results of pre·s­
ent study indicate that the size of snails 
should not be used indiscriminately as a cri­
terion for estimating their age. It is quite 
possible tha~ sizes of snails having the same 
age and collected ·from two localities might be 
very different merelybecause of differences 
in the kinds of algae· they were consumtng. 

As to fesundity, more eggs were found tn 
trays than in Petri dishes. Presumably, there 
was more space ava,il able for egg deposition 
when trays were used. Nostoc muscorum was al­
so found better than the mixture of blue-green 
algae, probably because of i ls higher nutri­
tional value. The effect of I et.tur:e on the 
fecundity of snails,. however, was not signi­
ficant !Table 33). Hesides, it .. may be suR· 
pected that the presence of let.tuce in some 
way delays the start· of oviposition, ><ince 
snai 1 sin two out of three .trays supplied with 
Nostoc muscorum (without lettuce) began to.lay 
eggs after two to two a1,1d one half weeks, but 
none in the trays supplied with Nostoc musco~ 
rum with lettuce did so during the same period 
of time (Table 33). To conclude, lettuce en­
hanced b~dy growth but inhibited egg-laying. 

Pereira and. Deslandes ( 19.54) and Pedo­
wagora-Szumlewicz (1958) found that snail size 
correlated better with theonset of egg-laying 
than with snail age. tlowever, Ritchie et al. 
( l963a) found that the size at the onset. of 
egg-laying varied with the growth rate, i.e .. 

·a rapidly growing snail reached a larger size 
before laying eggs than a snail that grew 
slowly. Th~: d'ata in the present study agree 
with this observation of Ritchie et al. For 
example, accordi~,~·g to the normal growth curve. 
as shown in fig. 10, the shell lengths of two­
week old snails in trays with Nostoc muscorum 
with or without ·lettuce and in Petri dishes 
with Nostoc muscorum with or without lettuce 
were alllsrge enough for o,vipos1tion; however, 
none laid eggs until the end of two and one 
half or three weeks (Tables 32 and 33). 

C. Culturing Snails under 
Crowded Conditions 

(651 1) 

The observations here (Table 35) are si­
rnilartothose found in Part I (see' Table II). 
Although a direct comparison between these two 
studies is not appropriate becauge of differ­
t:nces in their designs, it is posRi.ble to ve­

. ri fy that present results appear far better 
than those obtained in Part I. 

.From the fact that the shell lengths 'at 
the end. of the first week were about the same 
among all six different density groups tested, 
as seen in Table 35, it appeared that there 
were no limiting factors exerting effects on 
the growth of sriai Is during the fir:>t week. 
During the gecon'd week there we.re still no 
limiting factors in the.l-, 2- and 5-&nail 
groups. In the 10-·, 20-"nd 40-snai I groups, 
however, the alga appeared to be the limiting 
fa<:tor for growth of snails, since the ·gr.owth 
•·ate among those groups slowed down immediately 
or soon afte·r the alga was consumed. During 
the third ·week period, factor!,.) other than 
algae were added· and played a more important 
role in snail growth. This is based on two 
observations: ial although there was still 
enough alga left in the two-snail group up.to 
the end of d,e fourth week, and 't.her,. '-·as none 
left in the fi ~e- snail group at the end of the 
second week, the she II lengths in the two gt·oup:< 
were almost identical; and (b) both the one­
snail group and the two-snail group had enough 
alga until the end of the fourth week, yet the 
shell length in the one-snail group waR con­
Riderably greater than that 111 the two- snai I 
group (Table 35). One could thus speculate 
that either waste product(s) or "pheromone 7 
like' substance( s) might. be invol•·ed. · 

Based on data gtven in Table 35 and Fig. 
18, a practical way for culturing.snails is 
l)roposed. S!lails could be first cultured in 
Petri .dishes with 40 snails per dish. At the 
end of the first week,. they could be thinned 
out so that on,ly five Qr 10 snails remained 
in each dish. At the end of the second week, 
t'he snails would have reached a size ( 5. 4 mm 
or 5.B mm) such that they could be harvested 
for experiments or placed in culture for egg­
laying. 

D. Culturing Snails in Various Kinds 
of Muds and Mud Extracts 

Observations ·in.the first experiment in­
dicat~d that the presence of organic substan­
ces in mud (natural niud, steaJ!led mud or 100~ 
C-drie.d mud) was ·necessary for the normal 
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growth of snails regardless' of whether alga 
was inoculated before snail in.troduction (Table 
36, -10 group) or afterward~ (Table 36, 0-3-
ll group). Body growth, however, was always 
found to be better 1n the former than in the 
latter·.· In. mud without organic ·substances 
(such as 525 C9heated steamed mu~) or an ex­
tract with insufficient a~ounts of organic 
substances (such as steamed extract), repeated 
addition of the aLga on days 0, 3 and 11 after 
snail introduction was found better than add­
ing alga only once, 10 days before snail in­
troduction (Table 36) .. The second exper'irnen t 
(Table 37) essen.tially repeated the first one, 
but a few more ·preparations were tested·. On 
the basis of the results from . these two 'ex" 
pe'rime·nts and from the chemicffl analyses (Table 
38), the following hypothesi,'s was constru.cted: 

Natural mud contained . some, organic ·and 
inorganic substances needed fqr algal growth, 
but in excess amounts it exhibited some ne­
gative effects. on. snai·l ·growth. Through 
steaming or stirring, some of these exce~s­
iv~ substances were extracted. Consequent­
ly,. it was reasonable. to assume that both 
extr .. acts supported algal growth and hence 
snail growth in part. Steamed mud or stir­
red mud, in tu.rn, also appeared to contain 
·ingredients that produced optimum growth of 
the a I ga, hence of the snails, · 

Similarly, the 10P° C-dried mud also con­
tained the same. excessive ainoun ts of those 
har'mful substances as the natural· mud did; 
therefo're, italso supported snail growth to 
about the same magnitude as the natural mud. 
Through heating at 52S° C, the excessive 
amounts of substances, as well as 'some other 
substances which may ·originally, have been 
bound tightly to soil particlesand were 
harmful to· snail growth, became more water­
soluble so that the snail~ were not able to 
~rov- at all in the Petri dishes made up with 
this 525° C-heat_ed mud, Through extractio{l 
by steaming, the!'<e hypothetical harm.ful sub­
st'.ances w~re then transferred to the 525° C­
heated• ·steamed extract. This may explain 
why the '525° C-heated steamed mud partially 
supported snail growth but the 525° C-heated 
stearned extract did not. When: this steamed 
extract. wh i·ch presumably contained some 
harmful substances. was combined with 100° 
C-drie.d mud, as in Table ·37, the latter 
acted as a buffer to absorb some of these 
h a r m f u l · s u b s t an c e s.': ·cons e que n t l y ,' P e t r i 
dishes with .this combination only supported 
growth of snails moderately. 

If the above hypothesis is, plausible, 
however, it remains· rather di.ff-icul t to explain 
why the 525° C-heated steam.ed mud in Table 37 
did not support snail growth at all, since the 
similar preparation in Table 36 did support 
the growth of snails to a certain extent. It 
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would also be rather difficult to explain why 
the Petri dishes with only half-strength 5250 
C--heated steamed extract, as sh.own 1n Table 
37, did not support sna_il growth. At this di­
lution, the concentrations of calcium, sili­
con, sulphate, or a combination were about. th.e 
same as, or even less than, those found in 
;teamed extract or· stirred extract (Table 38), 
both of which had, ·as ·previously ment,ioned, 
partially supported snail growth. 

Part IV. The Formulation of 
Synthetic Mud 

As previously mentidned,other investiga­
tors have 'observe'd the importance 'of algae for 
cu1 turing snails. Some also tried .semi- syn­
thetic foods for this puqiose. $till others 
tried an ax~nic medium. However;.·there have 
not previously b~en any att;empts to grow al­
gae ·on a formulated, synthetic mud which could 
serv~ as a. medium on which to cu1bure snails. 
The method reported here w~s acc~mplished es­
sentially on the basis of trial and error. 

·Various compone.nts, both sohd and 1 iquid, were 
tried. Finally, two simple formulae (Formula 
1 in the -14 group· in Table 44 and the iden­
tical· Formula 1 in Table 46; and'Formula 2 in 
Table 46) were most promising. The former 
consiste.d of pottery clay, oyster shell, cha'r­
coal and agar; the latter used pottery clay, 
oyster shell and agar. )n both formulae ar­
tificial water (ofknowri chemical compositions) 
w a s u sed f o r m a k i n g a p·a s t e and as an o v e r l a y . 
The roles played by each component are described 
as follows: 

1. Pottery Clay 

This clay was used ·as a basis for the 
synthetic mud's in· all 12 experiments.· .In the 
absence of the cl~y none of the cultures were 
able to sustain snails (Tables 43, 44 and 46), 
The speculation that the clay was important 
to the snails primarily by way. of supporting 
the algal growth, which in turn supported snail 
growth' was rejected since repeated addition 
of the alga into culture'S without clay still 
appeared ineffective for snail growth (Tables 
43 ·and 44). · On the other hand, the clay plus 
agar alone also di·d·not support the growth of 
the alga nor, 'consequently, of the snails 
(Compare,Formula l andFormula 4. in Table 46). 
Therefor<; •. it was assumed that the primary im­
portance o.f clay was· mechanical· r'ather than 
nutritional',' as also adyocated by Pan (1958), 
that 1s, to assist in grinc\ing .. ingested food. 

2. Oyste~ Shell 

This was used 
the chance that it 

in all· 12 exp.eriments on 
might furnish substrates 
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for the.formation of snail shells. In the ab­
sence of oyster shell none of the cultures sup­
ported the growth· of the alga nor, consequent­
ly, of the snails (compare Formul'a I and For-' 
mula 3 in Table 46). Oyster shell plus agar 
alone did support to a moderate degree the al­
gal growth but was 'stil,l u·nable to support 
snail growth (compare For~ula l and Formula 6 
in Table 46). It appeared very likely that 
oyster shell was important primarily for en­
hlncing al'gal growth. 

3. Charcoal 

The primary purpose of adding char.coal 
to the synthetic mud was to absorb some of the 
harmful waste products produced during the 
cufturing.process; it was also used in all .12 
experiments .. 

Wright (1960) suspected that charcoal 
might be responsible for the poor inctease in 
shell size among Bulinus forskali·i ·snails. In 
the present study with all of the other com­
ponents present, the absence of charcoal was 
not critical. In fact, it appeare:d advantage­
ous for the snails, s.ince they laid eggs earl­
ier (compare Formula 1 and Formula 2 in Table 
46). In cultures .without pottery clay. on the 
other hand, the absence of charcoal was harm­
ful to the snai 1": (compare Formula 1 and For­
mula 2 in Table 45; and Formula 1 and Formula 
6 in Tab 1 e 46 ) . Charco a 1 p 1 us a g a r a 1 one d i d 
not support algal growth, hence· snailr growth 
suffered (compa..re Formula 1 and·Fotmula 7 1n 
Table 46). 

.The reasons for thes·e observations are 
not clearcut. It may well be possible that 
with a high calcium·content (as the charcoal 
was made from crushed bone) there were ·harmful 
conditions for egg production, and egg-laying 
was inhibited; but becauseofitsporoussti'uc­
ture charcoal· was useful in absorbing waste 
product(s), and it then prolonged the life of 
the snails. 

4. Agar 

Preliminary observation indicated that 
pottery clay needed some sticky substance to 
make a more solid texture, which would be im­
po.rtant for promoting be.tter movement of snails, 
especially in the first few. days of life. Ac­
cordingly,. agar was added in all 12 experi­
ments. The agar itself might also act as a 
source of carbohydrate food for snails.' In 
the present study the agar alone did support 
a moderate deg~ee of al'gal growth, but it did 
not support snail growth at al·l (compare For­
mula 1 and Formula 8 in Table 46). To explain 
the effect of agar, Stiglingh and vari Eeden 
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explained that the agar was tOo slippery and 
caused the .Sn.ai 1 s either to topple over or to 
slide backward as they fed. It wa.s 1 ikely that 
the snails wer~ dying from exhauRtion. 

5. Artificial Water 

Distilled waterdidnot contribute to a)­
gal irowth. Other kinds of water were thought 
suitable for·a}gal growth, but they were harm­
ful for snail growth. The .ingredien·ts of ar­
tificial water were somewhat in between and 
contained substances which contributed to al­
gal growth but.were·notharinful to.snail growth. 

While the. above five components proved 
to be necessary in preparing the ·synthetic mud, 
some other componen·ts which seemed justified 
earli~r in the experiments' were discarded Ia· 
ter for lack· of beneficial effects. 

In conclu~ion, the efficiency of these 
syntheti·c muds was still infer·ior to the n.a­
tural mud, but its use opens a promising field 
for further study. 

SUMMARY 

The laboratory culture of the Rnail Hl­

termediatehostsBulinus globosus andBiompha­
l a r i a p f e iff e r i , of A f r i can s chi st. o s om i as i s, 
has up to now been very uneertain and di ffi­
cult. This study aims to give simpler, more 
efficient, more dependable and more easily 
repr·oducible c·ulture methods. Included also 
is information which provides a better under­
standing of the ecolo!!:ical . requi·rements of 
these snails. 

Part I 

The optimum number of snails which. can be 
accommodated in one tray ( 7. S X 20 X 30· em), 
along with the mixture of blue-green algae and 
lettuce which served as food, was investigated. 
Within the range studied crowding of snails 
did not affect· their survivorship significant­
ly. Growth, however, was affected. by crowd­
ing. As the density increased, the sizes of 
snails became smaller and less uniform. Egg­
laying likewise was affected by the crowding, 
and no eggs were laid 1n .the most crowded 
groups. 

Tlie optimum number of individuals to be 
ac~ommodat~d in one tray was determined. For 
best growth five snails per tray i·s recommended, 
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since the shell length was greatest at this 
density; In terms of egg-laying the use .of 
10 s·nai[s· per tray is recommended, since total 
egg p r o d u c t.i on i n t h e l 0 - s n a i l t r a· y s w a s h i g h -
est. 

?art II 

The e ff e c t s o f de ion i zed w ate r , d i s t i l l e d 
wat.er, tap water and spring water on survivor­
ship; growth and fecundity of ·snails were meas­
ured." The work was undertaken usi;1g ·a m1 x­
ture of blue-green dlgae and lettuce as food. 

Survivorship of Bulinus globosus DYer 44 
weeki was not affected b~ the type~ ~f waters 
(distilled', tap and spring) used. Likewise 
survivorship· of Biomphalaria ·pfeiffer{ over 
33 weeks was not affected in deionized, dis­
tilled or tap water- but was r~duced· in spring 
water. 

As for growth, there were no significant 
differences among the types of water tested 
In both species of snails. 

Egg-laying was greatly affected by the 
types of waters used. With Bulinus globosus 
over the 44-week period the largest number of 
eggs were laid in distilJed water, a moderate 
n u m be r i n t a p w a t e-r and the s m a l l e s t i n s p r i n g 
water. With Biomphalaria pfeifferi during a 
33-week period the results were slightly dif­
ferent: the I argest number of eggs were laid 
in tap water; a moderate number 1n both de-· 
ionized water and distilled ·water; and the 
smallest in spring water. 

A comparison with the r'esul ts of other 
investigations .. reveals that the present tray 
m~thod is efficient both for 'snail growth and 
egg production. 

The percentages of eggs laid on the con­
tainer wall and bottom were also closely re­
lated to the kinds of wat.ers used. Both spe­
cies of snai Is laid the largest number of eggs 
on the container .when kept. in disti lied water 
or deionized water; they laid the smallest 
number of·eggs on the container when in spring 
water. In tap water, this egg-laying pattern 
was interme"di,ate. Experimentally altering the 
ty~es of waters used in the trays showed that 
these particular behaviors of·egg-laying were 
definite in pattern. Differences in ion con­
centrations in the types of waters used were 
presumably responsible for the differences ob­
served in egg-laying sites. 

When three kinds .of water.s, calci~m. mag­
nesium and. calcium-magnesium were teste·d, none 

·of them had adverse effects on snail survivor­
ship. ·Similarly these waters did not affect 
the growth of Bul inus globosus snails; with 
Biomphalari.a pfeifferi, the Cl aCium water may 
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have had some adverse effect.. Egg-laying', ori 
the other hand, was strongly affected by these 
three kinds of waters ~sed. With both species 
of snails, data indicate 'that the smallest 
number of eggs was found in calcium water; the 
largest in magnesium water; and only a moderate 
number in calcium-magnesium water. Likewise, 
the percentages of eggg l•id on the ~ontainer 
wall and bottom· were closely related.to the 
kind~ of waters used. Calcium ions appear to 
afft>.ct the number of eggs laid as well as the 
egg-laying sites. 

Part III 

The effects of various kinds. of algae and 
v ar i ou s kinds of mud and mud .. extracts on the· 
growth of Biompha lar ia pfe if fer i were studied. 
Three species of blue-green algae (Nos toe mus­
corum, Schizothrix calcicola, and Fischerella 
ambigua) and one species of diatom (Nitzschia 
frustulum) were isolated from the mixture of 
blue-green algae which had been used exclusi­
vely in Part. I and Part II above. Among them, 
Nostoc muscorum and· Fi.scherella ambig1~a were 
both found better than the mixture of blue­
green algae for supporting the snail growth. 
I~ later experiments Nostoc muscorum was used 
exclusively, because it was very easily grown 
1n Petri dish preparations. 

The efficiencies of tray and. Petri dish 
preparations were compared. In general, t.he 
trays supported growth better than Petr.i dishes 
except when a mixture ofblue-g.reen algae with 
lettuc.e was used as food. Nostoc muscorum, 
either alone or combined with lettuce, .wag al­
ways bette'!" than the mixture of blue-green al­
gae with lettuce· .. The beneficial effect of 
additions of lettuce appeared as early as the 
end of the. second week in trays; in Petri 
di.shes, however, this effect was not observed 
until the end of the third week. To conclude, 
best growth was ob~erved in trays with Nostoc 
muscorum and lettuce; second best In trays 
with Nostoc muscorum but no lettuce; third in 
Petri dishes with Nostoc muscbrum but no l~t.­
tuce; and poorest in trays or Petri dishes 
with the mixture of blue-~reen algae and let­
tuce. 

The optimum number of snails to be ac­
commodated in a Petri dish was studied with 
Nostoc muscorum as the only food. Altogether 
six different population densities, 1, 2, 5, 
Iq, 20 and 40 snails per di,;h, were tested. 
None of the snails died in the first three 
group~ over the four-~eek period. In the last 
three groups over the same· time period, the 
survivbrshi~ ranged. from 63.3 to 96.7%. 

With regard to 
shell lengths were 
six groups mea.sured 

the growth of snails, the 
about the same among all 
at th~ end of the first 
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week. A~ the end of the fourth week, however, 
the shell length decreased as the population 
size increased ... The possibility of the alga 
and waste products as the limiting factors on 
sn~il growth i~ discussed. 

Egg·laying took place in 1-, 2-, 5- and 
10-snail ·groups before the end of the fourth 
week. No eggs were found in any of the dishes 
with 20 and 40 ~nails. 

. A prac·tical way of culturing Biomphalaria 
pfeifferi inPetri dishes wi·th Nostoc muscorum 
was developed .. With this method the snails 
were ready for harvesting at the end of the 
second week. 

The effects of various kinds of mud and 
mud extracts on snail growth were studied. Or~ 
gariic substances in mud, such as. those ·found 
in natural mud, steamed mud and 1000 C-dried 
mud, were found essential for normal sna.i l 
grow·th.· When these muds were used, the re­
sults were always better in the groups in which· 
the alga was . .inoculated once ten days before 
the snails were introduced and in the groups 
in which the alga was repeatedly inoculated 
after snail·introduction. 

In the mud with no organic substances 
(such as 52 5o C-heated steamed mud) or extract 
with ·an .insuffieient amount of organic sub­
stances (su~h as steamed or st(rred ext~actl, 
repeated inoculation of the alga after snail 
introduction was found to be better than the 
i~oculation of alga once 10 days before snail 
introduction .• 

'llte 525o C-heated mud and 525° C-heated 
steamed extract did not support the growth of 
snails at all. 

It is concluded that the n·atural mud con­
tained substances needed for algal growth, but 
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in .excessive a~ounts there were some negative 
effects on snail growth. ·Heat treatment of 
the mud at 5250 C appears to .release harmful 
substances otherwise firmly ·bound in the soil 
particles. 

Pa,. t IV 

A formulation of synthetic inud was at­
tempted; two simple formulae·: were found most 
promising. One ·is composed of pottery. clay; 
oyster shell, charcoal and agar in the ratios 
of 100 ·: l : 3 : 0. 5; the other is a mixture 
of pottery clay,. oyster shell and agar in the. 
ratios of 100 : l : 0. 5. Both formula.- use an 
artificial water for ·making ·the paste and as 
an.overlay. 

The roles pla')red by each component remain 
speculative. In the absence of the potte1·y 
clay, none of the cultures sustained snails. 
Pr~sumably the pre~~nce of clay was important 
to the snai Is i'n ·gr.inding ingested food. In 
the absence of oyster .shell, none of the cul­
tures supported algal growth nor, consequently. 
snail growth. The absence of charcoal was not 
critical. provided that the three other com­
ponents (pottery clay, oyster shell·and agar) 
were all present.· ·~ne main ·pur.pose of ,the' 
charcoal was to absorb some of the wa·ter pro­
ducts accumulated in the cultures. Agar was 
important since it solidified the synthetic 
mud so as to give .the snails a firm substrate, 
important for Jeeding.· TI1e artificial water 
pruvided.some of the chemicals contributed to 
algal growth but. were not harinful to snail 
growth. 

For efficiency, the . syntlietic mud was 
still inferior to natural mud,.but it does open 
a promising field for further study~ 

'· 
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FURTHER NOTES ON PSEUDOGASTROPODS 

Recently La Rocque (1973) discussed pseu­
dogastropods: organisms that have been mis­
iden ti fi ed as gastropods and gastropods that 
have been incorrectly assigned to various phy­
la. His examples call attention to actual 
problems faced by those who deal with nomen­
clature.· It seems desirable to recqrd briefly 
two extreme cases: a fish that masqueraded as 
a gastropod (Hanna, 1925) and a group of gas­
tropods that moved several giant steps down­
ward in the Linnaean_hierarchy and were inter­
preted as protozoans (Browne, 1971 ). 

REFERENCES 

JAMES X. CORGAN 
Geology;Departm~nt 

Austin Peay State 1 University 
Clarks vi l'le, Tennessee 37040 

BROWNE, R. G. (1971) Misassignment of Silu­
rian gastropod protoconch casts (to taxa of 
Foraminifera. --Jour. Paleont. 45\1): 141 

HANNA, G." D. (192 5) Za lophancy Ius, a fish 
vertebra, not a mollusk.-- Nautilus 39 (1): 
18-19 

La ROCQUE, A. (1973) 
Sterkiana 51: 10 

Pseudogas~ropods. 
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BOOKS RECEIVED 

SHOUP, Charles S. (1974) A Bibliography of 
the Zoology of Tennessee and the Tennessee 
Valley Region.-- lJ. S. Atomic Energy Commis­
sion. Office of. Information Services. Techni-
c a l In f o rm a t i on Ce n te r . i v , 2 51 p . 

As its title indicates, this scholarly work 
lists published papers on the animals of the 
Tennessee Valley region from Protozoa to Mam­
malia, preceded by a section of 278 items on 
Ecology, General Zoology and Management~ The 
items· are numbered and arranged alphabetically 
by authors under each section. The Mollusca 
are well represented (Nos. 460-787) and pres­
ent auseful introduction to the literature of 
this interesting part of the country. In ad-

.di tion, mal acologis ts in teres ted in the rel a­
tionships of Mollusca to other groups of in­
vertebrates wi 11 find much useful data under 
practically every one of the sec~ions. After 
leafing through this work, one cannot he! p 
wishing that we had comparable compilations 
for every part of the country or, better still, 
for every part of the world. 

A. L. 
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RESOURCES FOR MALACOLOGICAL RESEARCH IN 
ORTON MEMORIAL LIBRARY OF GEOLOGY 

REGI!\'A BROWN 

Librarian, Orton Memorial Library of Geology 
Ohio State University, Columbus, Ohio 43210 

Orton Hall, on the campus of the Ohio 
State University,.'Columbus, is a dramatic, ap­
propriate setting fcir a geological library. 
The Richardsonian Romanesqne structure iscon­
structed of forty varieties of Ohio bui ]ding 
stone, arranged in stratigraphic order. Red 
sandstone around the windows, doors, and chimes 
tower and Berea Sandstone on the first. and 
second floors represent t.heMississippian ~ge. 
The basement is·constructed of Springfield Do­
lomite and Dayton Limestone (Silurian) and 
Columbus Limestone (Devon'ianl forms the steps 
leading to the main entrance. Red sandstone 
heads of extinct animals .encircle the top of 
the chj.mes tower. The grounds surrounding the 
bui !ding are enhanced with various concretions 
and a thirty-ton erratic boulder of anortho-
site of Pleistocene origin. · 

Edward Orton, professor of geology and 
the first president of the University, con­
ceived the idea for the unique building. As 
a fitting memorial to his· fa'ther, Edward Orton, 
Jr. established and furni'shed a library of ge­
ological literature off the main foyer, adja­
cent to the Orton Geological Museum. Paint­
ings of Ohio state geologists and geological 
landscapes complement the warm oak paneling 
and cork tile floors in the main reading room. 

Since i t s form a l dedi c a t ion · in l 9 2 0, 0 r­
ton Library's collection has grown to 42,500 
books, 477 periodical titles, and 43,700 maps. 
Many of its first editions are from the Or­
tons' personal libraries. The Library 1s a 
depository for all Ohio Geologica 1 Survey pub­
lications, not only those published by the Sur­
vey, but also those publications sent to that 
organization on a gift or exchange basis by 

'other state geological surveys, surveys 'of 
foreign countries, and numerous geological or­
ganizations. 

AI though the Library! s holdings encompass 
the entire range of geological research .. from 
the traditional fields of mineralogy and pa­
leontology to lunar geolog'y and environmental 
pollution, one of it.s strengths is molluscan 
literature. It 1s this segment of t.lie col­
lection we wish lo di'scuss. ·A guide to in­
formation sources (bibliographies and other 
reference tools) prefaces a list of serial 
publications that publish molluscan research. 
Finally, we mentio.n the general treatises and 
regional studies 1n theOrtonMemorial Library 
collection. 

GUIDE 1D INFORMATION SOURCES 

There are both primary and sec.ondary 
sources of information in a geological libra-
ry. To obtain primary source literature (e 
g., books, reports, serial articles), there­
searcher frequently consults general.biblio­
graphies, current and retrospective: 

NICKLES, John M. (1923-1924) Geologic lite­
rature of North America, 1785-1918. (U.S .. G.S. 
Bulletin 746 and 747) Washington, D.C., Govt. 
Prtg. Office, 2 vols. 

U.S. GEOLOGICAL SURVEY (1923-1970) Biblio­
graphy of North American geology. Washington, 
Govt. Prtg. Office. 

Annual; issued as U.S.G.S. Bulletins, covers 
the period 1919.:.1970. Cites publications 'con­
·cerning the geology of the North American can­
t inent, Greenland, the West Indies and adja­
~ent is lands, ffawai i, Guam, and other is land 
possessions but not the trust territories. 
Articles by American a~thors published info­
reign journals are cited if they deal with 
North American localities or are of a general 
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nature ... Articles onNorth America by foreign 
authors are inc laded regardless of place of 
publication.' Arranged alphabetically by au­
thor with a subject index. Comp:lements the 
Bibliography and index of geology exclusive of 
North America until the latter changed its 
name to Bibliography and index of geology in 
1969 and began world-wide coverage. Ceased 
publ{cation with 1970 volume. See Bibliogra­
phy and index of geology after that date. 

GEOLOGICAL SOCIETY OF AMERICA (1934- l Bi-
bliography and index of geology. Boulder, 
Colo. 

Monthly; world-wide in scope, Each issue is 
divided into 21 intradisciplinary; categories 
and the citations within each cate:gory are ar­
ranged alphabetically by authors. 'Descriptors 
o~ key words accompany many of the citations. 
The code at the end of each c i tat iori represents 
a unique accession numbe.r in the American Geo­
logical Institute's GEO·REF, a computerized, 
indexed reference file. There is also a sub­
ject index for each monthly issue and annual 
compilation. . 

ZOOLOGICAL RECORD (1864- London, Zoolo-
gical Society of London. 
Ann~al; contains roughly 15,000. references 

a y e a r f r om w or l d - w ide l i t·e r a t u r e . Is. s u e d in 
sections (e .. g., Mollusca),each with a subject 
index. 

SPECIALIZED BIBLIOGRAPHIES ARE ANOTHER SOURCE 
OF LITERA TIJRE: 

BOYLE, Cornelius Breckinri dge •( 1893) A cata­
logue and bibliography ofNorth American Meso-
zoic Invertebrata. (U.S.G.S. Bulletin 102, 
Washington, Gov'-t. Prtg. Office, 315 p. 

BRANSON, CARL COLTON (1948) Bibliographic 
Index of Permian Invertebrates. (Geological 
Society of America. Memoir 26) Ne~ York, 1049 
p. 

HAAS, Otto ( 1958) Recent literature on Meso-
zo1c ammonites. (Jour. Paleont i 32 (3):624-
6 3 5) . 

KEEN, Angeline Myra ( 1937) An abridged check­
list and bibliography of West North American 
marine Mollusca. Stanford, Calif., Stanford 
Univ. Press; London, H. Milford" Oxford Uni­
versity Press. 87 p. 

MARCOU, John Belknap (1885) Bibliography of 
publications relating to the collection of 
fossil invertebrates in the United States Na­
tional Museum, including complete lists of the 
writings of Fielding B: Meek,Char1~s A. White 
and Charles D. Walcott. (Bibli

1
ographies of 

American naturalists, .3; U.S. Nat
1
ional Museum 

Bull. 30) Washington, D.C. 33.3. p1
• 

RICHARDS, Horace Gardiner, comp:. (1968) Ca­
talogue of invertebrate fossil t:ypes at the 
Academy of Natural Sciences of Philadelphia. 
(Academy of Nat. Sci. Phila., Spec. Publ. no. 
8) Philadelphia, Acad. Nat. Sci. ·222p. 

VOKES, Harold E. (1967.) Genera of the Bive.l~ 
via-a systematic and bibliographic catalogue. 
(Bull. ·Amer: Paleontology, v. 51, no. 232, p. 
111-394) 
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WELLER., Stuart (1898) A bibliographic in­
dex of North American Carboniferous inverteb­
r a t e s . ( U . S . G . S. Bull. l 53 ) 6 53 p . 

WHITE, Charles Abiathar (1878) Bibliography 
of North American invertebrate Paleontology, 
being a report upon the publications that have 
hitherto been made upon the invertebrate pale­
ontology of North Ame'rica, including the West 
Indies and Greenland. By C. A. White and H. 
AlleyneNicholson. (U.S.G.S. of the Territo-
ries. Misc. Publ. 'no. 10) 132 p. 

YOCHELSON, Ellis L. (1967) A bibliographic 
index of North American Late Paleozoic Hyoli tha, 
Amphineura, Scaphopoda, and Gastropoda, by E. 
L. Yochelson and Burnett W. Saunders. (U. S.G. S. 
Bull. 1210) 271 p. 

IN ADDITION TO BIBLIOGRAPHIC SERIALS AND COM­
PILATIONS, ONE MUST BE ACQUAINTED WITH OTHER 
REFERENCE SOURCES IN THE LIBRARY: 

ATLASES 
HALLAM, A., ed. (1973) Atlas.ofpalaeobio­

geography. Amsterdam, New York, Elsevier, 531 
p. 

JOLEAUD, Leonce (1~39) Atlas de paleobioge­
ographie. Paris, Lechevalier, 40 p. 

VERNIORY, Rene (1970) Atlas depaleontologie 
des invertebres. Geneve, Georg. 223 p. 

BIOGRAPHICAL DIRECTORIES 
AMERICAN MALACOLOGISTS, 1973-74 (1973) Edi-

tor- in- chief: R. Tucker Abbott. Falls Church, 
Va. 494p. ' 

AMERICAN MEN AND WOMEN OF SCIENCE. ( 1971 l 
12th ed., New York, Bowker, 6 vols. 

LAMBRECHT, K. (1938) Palaeontologi. Cata-
logus bio-bibliographicus, by K. Lambrecht, W. 
and A. Quenstedt, (Fossilium Catalogus I: 
Animalia, pars 72, 495 p.) 

WESTERMANN, G.E.G., comp. (1968) Directory 
of paleeontologists of the world (excluding 
Soviet Union and continental China) 2d ed. 
Sponsored by the International· Palaeontologi­
cal Union. Hamilton, Ontario, Canada, McMas-
ter University. 250 p. 

CATALOGS AND COLLECTIONS 
ANDERSON, Ernest Masson (1936)' Catalogue of 

types and figured specimens of fossils in the 
Geological Survey collections now exhibited 
in the Roy.al Scottish Museum, Edinburgh. Lon­
don, H.M. Stat. Off. 77p. 

BRITISH MUSEUM (Natural History) Department 
of Geology (1886) A guide to the exhibition 
galleries of the Department of Geology and Pa­
laeontology in the British Museum (Natural 
History) 4th ed. London, Printed by order of 
the Trustees. 117 p. 

---- (1888-1951) Catalogue of the fossil 
Cephalopoda in the British Museum (Natural 
Hi~tory) by Arth~r H Foord. iondon, Printed 
by order of the Trustees. 5 vols. 

---- (1891) Systematic list of the Frederick 
E .. Edwards collection o( British Oligocene and• 
Eocene Mollusca in the British Museum (Natural 
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History), with references to the t'ype-speci­
mens from similar horizons contained in other 
collections belonging to the Geological De­
partment of the Museum. By Richard Bullen New­
ton. London, Printed by order of the Trustees. 
365 p. 

---- ( 1907) A guide to the fossil inverteb-
rate animals in the Department of Geology and 

"Palaeontology in the British Mus.eum (Natural 
History). London, Printed by order of the 
Trustees. 182 p. 

_:.. __ (1923) A guide to the exhibition gal­
leries of the Department of Geology and Palae-
ontology. London, Printed by order of the 
Trustees. 64 p-

---- (1938) A catalogue oi the ammonites of 
the -Liassic family Liparoceratidae in the 
British Museum (Natural History) by L. F. 
·Spath. London, Printed by order of the Trus-
tees. 191 p. 

BRITISH MUSEUM (Natural History) Department 
of Zoology (1913) Catalogue of th.e British 
species of Pis id ium (Recent and fossil) in the 
collections of the British Museum (Natural 
History). London,' Printed .by order of the 
Trustees. 144 p. 

CANADA, GEOLOGICAL SURVEY (1960- Cata-
logue of type invertebrate fossils of the Geo­
logical SurveyofCanada, by Thomas E. Bolton, 
Ottawa, Queen's Printer. · 

DOUVILLE, Robert (1915) Etudes sur les Cos­
moceratides des collections de l'Ecole natio­
nale superieure des Mines et de quelques au­
tres collections publiques ou privees. (Fran­
ce. Service de la carte geologique de la 
France. Memoires pour servir a·l'explication 
de la carte geologique detai llee de la Fran-
ce) Paris, Imprimerie Nationale. 75 p. 

HANZAWA, Shoshiro, comp. (1961) Catalogue of 
type-specimens of fossils in Japan. Compiled 
by Shoshiro Hanzawa, Kiyoshi Asano, and Fuyu­
ji Takai. Tokyo, Palaeontological Society of 
Japan. 422 p. 

KEEN, Angeline Myra (1939) Illustrated key 
to West North American J.?.elecyfod genera, by 

·A. Myra ·Keen and Don L. Frizze 1. Stanford, 
Califc, Stanford University Press; London, H. 
Milford, Oxford University Press. 28 p. 

MANTELL, Gideon Algernon (1851) Petrifac­
tions and their teachings: or, A hand-book to 
the Gallery of Organic Remains of the British 
Museuin. -London, H. G. Bohn. 496 p. 

MILLER, Samuel Almond (1877) The American 
Palaeozoic fossils: a cat~logue of the genera 
and species, with names of authors, dates,· 
places of publication, groups of rocks in which 
found, and the etymology and signification of 
the words, and an introduction devoted to the 
stratigraphical geology· of' the Palaeozoic 
rocks. Cincinnati, Ohio, The Author, 253 p. 

STENZEL, Henryk Bronislaw (no date) Type 
Invertebrate fossils of North America (Eocene, 
Paleocene, Oligocene). Prepared by H.B. Sten-
zel and F. E. Turner. Austin, Texas, Bureau 
of Economic Geology. Cards 1-148.· 

TURNER, Ruth Dixon (1966) A survey and il­
lustrated catalogue of the Teredinidae (Mol­
lusca: Bivalvia). Cambridge, Mass., Museum' of 
Comparative Zoology, Harvard University. 265 
p. 

TYPE INVERTEBRATE FOSSILS OF NORTH AMERICA 
(DEVONIAN) (1936-1938) Philadelphia, Wagner 
Free Institute of Science. 3 vols. 

WARD, Henry Augustus (1866) Catalogue of 
casts of fossils, from the principal museums 
of Europe and America, with short descriptions 
and illustrations. Rochester, New York, Ben­
ton and Andrews, 228 p. 

WILLARD, Bradford ( 1966) The. Harvey Bassler 
collection of Peruvian· fossils. Bethlehem, 
Pa., Lehigh Univergity. 255 p. . , 

WOOD, WILLIAM (1856) Index Testaceologicus, 
an illustrated catalogue of British and for­
eign shells, containing about 2800 figures ac­
curately coloured after nature. A new and en­
tirely revised edition,with ancienti~ndmodern 
appellations, synonyms, localities, etc., by 
Sylvanus Hanley. London, Willis and Sotheran. 
234 p. 

WOODWARD, Arthur Smith (1908) Illustrations 
of type specimens of Inferior Oolite ammonites 
in the Sowerby collection.London, printed for 
the Palaeontographical Society. 33 p. 

Catalogs are also published in periodicals, 
as the fo llOIJJiing examples: 

CHAPPARS, Michael Stephen (1936) Catalog of 
the type specimens of fossils in the Univer­
sity of Cincinnati Museum. (Ohio Jour Sci., 
v. 36, no. 1, p. 1-45). 

FLEMING, C. A. (1966) Marwick's illustra­
tions of New Zealand shells, with a checklist 
of New Zealand Cenozoic' Mollusca. (New Zea­
land. Department of Science and Industrial 
Research. Bull. 173, 456 p. 

GRANT, Ulysses Simpson, IV (1931) Catalogue 
of the marine Pliocene and Pleistocene Mol­
l usc a of California and adjacent regions, by 
U.S. Grant and Hoyt Rodney Gale. (San Diego 
Society of Natural History. Memoir, v. 1, 
1036 p.) 

PURNELL, 
spec1mens 
Palaeozoic 
Bull. 26 2) 

Louis R.(l968) Catalog of the type 
of invertebrate fossils. Part 1: 
Cephalopoda. (U.S. National Museum. 
Wash., D. C., Govt. Prtg Off. 198 p. • 

FOSSIL INDEXES 
Fossilium Catalogus. I. Animalia. (1913-

's-Gravenhage, W. Junk. Pars 1-
A comprehensive series; each . part is on a 

separate subject, authored by a specialist. 
GRABAU, Amadeus William (1909-1910) North 

American Index Fossils, lnvert,ebrates, by Ama­
deus W. Grabau and Hervey Woodburn Shimer. 
New York, A. G. Seiler. 2 vols. 

JOINT COMMITTEE ON INVERTEBRATE PALEON'IDLO-
GY (1953- ) Treatise on invertebrate pale-
ontology. Edited by Raymond C. Moore. Boul-
der, Colo., Geological Society of ,America and 
Lawrence, Kansas, University of Kansas Press. 
In Progress. 
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~ series on the major groups of (nvertebrate 
animals. Parts are divided according to phy­
lum, and the orders, classes, and :genera in 
each phylum are described, wi.th references to 
the literature. Of interest to malacologists: 

Part I - Mollusca l (Mollusca general fea-
tures, Scaphopoda, Amphineura, Monopl acophora, 
Gastropoda general features, Archaeogastropo­
da, mainly Paleozoic Caenogastropoda andOpis-
thobranchia). 1960. 351 p., 1732 figs. . 

Part J - Mollusca 2 (Gasiropoda, Streptoneu­
ra exclusive of Archaeogastropoda, .Euthyneura) 
In preparation. . 
, Part K - Mollusca 3 (Cephalop~da general 
features, Endoceratoidea, Actino·ceratoidea, 
Nautiloidea, Bactritoidea) 1964. 5,19 p.,2382 
figs. 

Part L 
p. ' 3800 

Part M 
tion. 

-Mollusca 4 (Ammonoidea): 1957. 490 
figs. Revision in preparation. 
-Mollusca 5 (Coleoidea) :1n prepara-

Part N- Mollusca 6 (Bivalvia) 3 vols. v. 1 
and 2: 1969, 952 p., 6198 figs.; v 3: 1971, 
272 p., 742 figs. 

SHIMER, Hervey Woodburn (1944) Index fossils 
of North America; a new work based on the com­
plete revision and reillustration of Grabau and 
Shimer's North American Index Fossils. (Tech­
nology Press, Mass. lnst. of Tech~ology) New 
York, Wiley; London, Chapman and Hall. 837 p. 

HANDBOOKS AND MANUALS 

BEERBOWER, James Richard (1971) Field guide 
to fossils. (Earth Science Curricul'um Project. 
ESCP pamphlet series,' PS-4) Boston, Houghton 
Mifflin. 54 p. . 

CAMP, Charles Lewis (1937) Methods in pale-
·ontology, by Charles L. Ca.mp and G. Dallas 
Hanna. ·Berkeley, Univ. of California Press, 
153 p. 

CHENU, Jean Charle~ (1859-1862) Manuel de 
conchyliologie et de pal6ontologie conchylio-
logique. Paris, V. 'Masson. 2 vols. 

FISCHER, Paul Henri (1887) Manuel de con-
chyliologie et de pal~ontologie donchyliolo­
giqu~; ou, Histoire natu~elle de~ mollusques 
viv(ints et fossiles. Paris, F. Savy. 1391 p. 

HOLDER, Helmut (1964) Jura. (Handbuch der 
stratigraphischen Geologie, Bd. 4) Stuttgart, 
F. Enke. 603 p. 

KIRKALDY, John F. (1967) Fossils 1n colour. 
London, Blandford Press. 223 p. 

KUMMEL, Bernhard (1965) Handbook of paleon­
tological techniques. Prepared .under the aus­
pices of the Paleontological Society. Edited 
by. B·. Kummel and David Raup. Sari Francisco, 
W. H. Freeman. 852 p. .. . 

. MIDDLEMISS, Frank Mexander ( 196.8) A guide 
to invertebrate fossils. (Hutchinson biolo-
gical monographs) London, Hutchin~on, 128 p. 

NEAVERSON, Ernest (1928) Stratigraphical 
pa laeon tolqgy; a m'anual' for students and field 

() 
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geologists. Lon.don, Macmillan. 525 p. (2d 
ed., revised and enlarged, published by Clar­
endon Press, Oxford, Eng., 1955, 806 p.) 

ORLOV, Yu. A.; ed. (1962- ) Fundamentals 
of paleontology. Osnovy Paleontologii. A ma­
nual forpaleontologists and geologists of the 
USSR. Translated by the Israel Program for 
Scienti fie Translations staff. Jerusalem, 
published for the National Science Foundation 
by IPST. 

PHILIPPI, Rudolph Amandus ( 18 53) Handbuch 
der Conchyliologie und Malacozoologie. Halle, 
E. Anton. 548 p. 

PRATT, Henry Sherring (1935). A manual of the 
common invertebrate animals, exclusive of in­
sects. Revised ed. New York, Macmillan. 854 

p. 
TRYON, George Washington (1885-1935) Manual 

of Conchology; structural and systematic, with 
illustrations of the sp.ecies. Second series: 
Pulmonata. Philadelphia. Published by the 
Conchologica1 Department, Academy of Natural 
Sciences of Philadelphia. 28 vols. 

WEBB, Walter F!'eeman (1935) A handbook for 
shell collectors; illustrations and descrip­
tions of 1100 species of Mollusca. Rochester, 
N.Y.,'St. Petersburg, Fla.,The Author? 146 p. 

WOODWARD, Samuel Pickworth (1851-1856) Ama­
nual of the Mollusca; or, Rudimentary treat­
ise of Recent and fossil shells. London, J. 
Weale. 510 p. (Reprint of.4th ed. (1880) 
publ. by C. Lockwood, London, 1890, 628 p.) 

ZITTEL, Karl Alfred Ritter von (1880-189.3) 
Handbuch der Palaeontologie. Munchen und 
Leipzig, R. Oldenbourg. 2 vols. in 5. 

NOMENCLATORS 
BULLETIN OF ZOOLOGICAL NOMENCLATURE (1943-) 

London, Printed by order of the International 
Commis-sion on Zoological Nomenclature and sold 
by the International Trust for Zoological No­
menclature. 

INTERNATIONAL COMMISSION ON ZOOLOGICAL NO­
MENCLAn.JRE ( 1961) Code international de nomen­
clature zoologique, adopte par le XVe Congres 
International de Zoologie, Editorial Commit­
tee: N. R. Stoll, chairman, and others. Lon­
don, Published for the International Commission 
on Zoological Nomenclature by the International 
Trust for Zoological Nomenclature. 176 p. . 

NEAVE, Sheffield Airey, ed. (1939-1940) No­
menclator zoologicus; a list of the names· of 
genera and subgenera in zoology from the tenth 
edition of Linnaeus, 1758, to theend of 1935. 
Zo~logical Society of London. 4 vols. 

SERIAL PUBLICATIONS 

Serial publications are an excellent source 
of information covering !I'etrospective and cur­
rent studies in molluscan research. We have 
previous 1 y mentioned bibl iog~aphic s~rials un­
der 'Guide ·to Information Sources.' In addi-
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tion, there are serials of a· general or spe­
cialized nature in the Orton Library collec­
tion. They are issued by governmental agen­
cies (such as geological surveys)·, associations 
and scientific societies,. universities and 
other learned institutions, museums, book pub­
lishers and private sources as numbered ser­
ies, monographs, proceedings, and field trip 
guidebooks. In the following selected list of 
serials, those titles frequently containing 
research of interest to malacologists are de­
signated with an asterisk. 

GOVERNMENTAL AGENCIES 
UNITED STATES 

U.S. Geological Survey, Washington, D. C. 
(See also publications issued prior to 1879 
under,.its former name 'U. S. Geological and 
Geographical Survey of the Territorie~.') 

• Ann u a l Re po r t 
• Bulle tin 
• Journal ofResearch of the U.S. Geological 

Survey 
• Monograph 
• Pro f e s s ion a l P ape r 

State geological surveys regularly publish 
results of regional research in their annual 
reports, bulletins, circulars, reports .of tn­

vestigations, etc. The publications are tn­
dexed, as are those of the U.S.G.S., tn the 
U.S.G.S. 's Bibliography of North American Ge­
ology (discontinued after 1970) and the Geol­
ogical Society of America's Bibliography and 
Index of Geology (amonthly publication,world­
wide in scope). The surveys will supply a 
list of their publications ·upon request. 

FOREIGN 
Geological surveys or other governmental 

agencies outside the U.S. 'issue their publica-. 
tions at irregular intervals. The one notable 
exception is the Geotogical Survey of Canada.' 
One may find these publications cited in the 
aforementioned Bibliography and index to Geo­
logy. 

Attention will be called to the most signi­
ficant papers published by these agencies in 
a future publication now in preparation. 

ASSOCIATIONS AND SCIENTIFIC SOCIETIES 
UNITED STATES . 

Academy of Natural Sciences of Phi !adelphia 
• Notulae Naturae 
• Proceedings. 
• Monographs . 

Special Publications 
Academy of Sciences of St. Louis 

• Transactions 
American Association .for the Advancement 

of Science, Washington, D.C. 
Proceedings 
Science 

American Association of Museums, New York 
The Museum News 

American Association of Petroleum Geol­
ogists, Tulsa 
Bulletin 

American Geographical Society, New York 
The Geographical Review 

American Geological Institute, Washing­
ton, D.C. 
• Akademiia Nauk SSR. Doklady: Earth 

Sciences sections. (English trans.) 
• International Geology Review 
• Paleontological Journal (Translation 

of the Russian Paleontologicheskiy 
· Zh u rna l) 

American Malacological Union, Havertown, 
Pa. 
• The Nautilus 

American Philosophical Society, Phi la. 
Proceedings 
Transactions 

Association of Geology Teachers, Fort 
Collins, Colo. 
Journal of Geological Education. 

Boston Society of Natural History 
• Proceedings . 

Buffalo Society of Natural Sciences 
Bulletin 

California Academy of Sciences, San Fran­
Cisco 
Proceedings 

Cincinnati Society of Natural History 
Journal 

Connecticut Academy of Arts and Sciences, 
New Haven 
Transactions 

Des Moines Academy of Science 
Bulletin 

Florida Academy of Sciences, Gainesville 
Quarterly Journal 

. Geological Society of America, Boulder, 
Colo. 
• Bulletin 
• Memoir 

Proceedings (Ceased public.ation af­
ter 1968) 

• Special Paper 
Gulf Coast Association of Geological So­

cieties, Houston 
Trans actions 

lndia.na Academy of Science, Indianapolis 
Proceedings 

Iowa Academy of Sciences, Des Moines 
Proceedings 

Michigan Academy of Science, Arts and 
Letters 
Papers 

Paleontological Society, Berkeley, Calif. 
• Journal ol Paleontology 

San Diego Society of Natural History 
• Memoirs 
• Transactions 

Sigma Gamma Epsilon, Norman, Okla. 
The Compass 



Smithsonian Ins ti tu tion, Washington, D. C. 
* Annual Report 
* Atoll Research Bulletin 
* Miscellaneous Cnllections 
* Smithsonian Contributions to Zoology 
* Smithsonian Contributions to Paleobi-

ology 
Society of Economic Paleontologists and 

Mineralogists, Tulsa, Okla. , 
* Journa·l of Paleontology ' 
Washington Academy of Sciences, Washing­

ton, D.C. 
J ou rna 1 

West Virginia Academy of Science, Morgan­
town, W.Va. 
Proceedings 

MIDDLE AMERICA 
MEXICO 

Soiiedad Geolcigica Mexicana,M~xico,D.F. 
Bole tin 

JAMAICA 
Geological Society of Jamaica, Kingston· 

Journal (Geonotes) 
SOUTH AMERICA , 

ARGENTINA I 
Asociacicin Geolcigica Argentina, Buenos 

Aires 
Revis t a 
Asociacicin Paleontolcigica Argentina, 

Buenos Aires 
* Ameghiniana 

PERU 
Sociedad Geolcigica del Peru,; Lima 

Bole tin 
EUROPE 

AUSTRIA 
Geologische Ges~llschaft 

Mitteilungen 
BELGIUM· 

1n ~Vien 
I 

Association pour !'Etude dei la Pal~onto­
logie et de la Stratigraphi~ houilleres, 
Bruxelles · 
* Publication 

Societe Belge de Geologie, d~ Paleontolo­
. gie et d'Hydrologie; Bruxelles 

• Bulletin 
BULGARIA 

Bulgarska Akademiia na Naukit , .Sofia. Ge­
ologicheski lnstitut 
Trudove vurkhu geologiiata na Bulgariia. 

Seriia paleontologiia 
CZECHOSLOVAKIA 

Slovenska Akademia vied a Umeni, Bratis­
lava 
Geologicky sbornik 

DENMARK 
Denmark. Kommissionen for Videnskabelige 

Unders~gclser i Gr~nland, Copenhagen 
Meddelelser om Gr~nland 

ENGLAND . 
British Antarctic Survey, Lopdon 

Bulletin I . 
East Midlands Geological· Soc):iety, Notting­

ham 
The Mercian Geologist 1 
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Falkland Islands Dependencies Survey, Lon­
don 
Scienti.fic Reports 

Geologists' Association, London 
Proceedings • · 

Geological Society of London 
Journal 
Transactions 

Liverpool Geological Society 
Geological Journal (Published jointly 

with Manchester. Geological Associa­
tion) 

Mineralogical Society, London 
The Mineralogical Magazine and Journal 

of the Mineralogical Society 
Palaeontographical Society, London 

• Publicat'ions 
Palaeontological Association, London 
* Palaeontology 
• Special papers in Palaeontology 
Ray Society, London 

Publications 
Royal Society of London 

Philosophical Transactions. Series B: 
Biological Sciences 

Yorkshire Geological Society, Leeds 
Proceedings 

FRANCE 
Societe Geologique de France, Paris 
• Bulletin · 

Compte rendu sommaire des seances 
* Memoi res, Paleontologic 
Societe Geologique du Nord, Lille 

Annales 
Societe Nationale des Petroles d'Aqui­

taine. Centre de Recherches de Pau 
Bulletin 

GERMANY 
Deutsche Geologische Gese llscha.ft, Berlin 

Zeitschrift . 
Deutsche Gesells~haft fur Geologische 

· Wissenschaften, Berlin 
Palaontologische Abhandlungen. Abt. A: 

Palaozoologie 
Deutsche Quartarvereinigung, Hannover 

Eiszeitalter und Gegenwart (Published 
in Ohringen, Wurtt. 

Geologische Vereinigung, Koblenz 
Geologische Rundschau (Published 1n 

Stuttgart) 
Naturforschende Gesellschaft zu Freiburg 

i. B. 
Bericht e 

HUNGARY . 
Magyar Foldtani Tarsulat Folyoirata, Bu­

dapest 
Foldtani kozlony 

IRELAND 
Geological Society of Dublin 

Journal 
ITALY 

Accademia Nazionale dei Lincei, Rome. 
Classe di Scienze Fisiche, Matematiche 
e Naturali 
Memorie (Fisica, chimica, geologia, 

paleontologia e mineralogia (Atti) 



·. 

STERKIANA NO. 5~, JUNE 197~ 

Societa di Naturalisti in Napoli 
Bolletino 

Societa Geologica Italiana, Rome 
Bolle t i no 

NETHERLANDS 
Geologisch-Mynbouwkundig Genootschap voor 

Nederland en Kolonien,. 's-Gravenhage 
Verhandelingen .... Geologische serie 

NORWAY 
Norsk Geologisk Forening, Oslo. 

Norsk Geologi~k Tiddskrift 
Norske Videnskaps-Akademi i Oslo. Mate­

matisk-Naturvidenskapelig Klasse 
Skrifter 

POLAND 
Polska Akademia Nauk, Warsaw 
* Acta Palaeontologica Polonica 
Polska Akademia Nauk, Oddzial w Krakowie 

Folia Quaternaria 
SCOTLAND 

Edinburgh Geological Society 
Scottish Journal of Geology (Published 

jointly with the Geological Society 
of Glasgow) 
Transactions 

Geological Society of Glasgow 
Transactions 

Royal Scottish Geographical Society, 
Edinburgh 
Scottish Geographical Magazine 

SPAIN 
Sociedad Espanola de Historia Natural,· 

Madrid 
Boletin. Seccion geologica 

SWITZERLAND 
Societe Paleontologique Suisse, Basel 
* Schweizerische palaeontologische Abhand­

lungen. Memoires s~isses de paleonto­
logie 

THE SOVIET UNION 
RUSSIA 

Akademiia Nauk SSSR, Moscow 
* Doklady (American Geological Institute 

publishes an·English translation of 
the 'Earth Sciences' sections) 

Geokhimiia 
Priroda 

UKRAINE 
Lvov Geological Society 

Geologicheskii sborni0 
Paleontologicheskii sbornik 

ASIA 
CHINA 

Geological Society of China, Peking 
Bulletin 

JAPA!'j 
Japan Association forQuaternary Research, · 

Tokyo 
The Quaternary Research 

National Research Council of Japan, Tokyo 
Japanese Journal of Geology and Geogra­

phy; Transactions and Abstracts 
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Palaeontological Society of Japan, Tokyo 
* Special Papers 
* Transactions and Proceedings. New 

Series 

AFRICA 
Geological Society of South Africa, Johan­

nesburg 
Transactions 

AUSTRALIA AND OCEANIA 
AUSTRALIA 

Geological Society of Australia, Adelaide 
Journal 

Royal Society of Victoria, Melbourne 
Proceedings 

Royal Society of Western Australia, Perth 
Journal 

NEW ZEALAND 
Royal Society of New Zealand, Weliington 

Transact•ions and Proceedings 

UNIVERSITIES AND OTHER INSTITUTIONS 
NORTH AMERICA 

CANADA (PROVINCES) 
ONTARIO 

McMaster University. Department of Geo­
logy, Hamilton 
Pub 1 ic at ions 

Royal Canadian Institute, Toronto 
Transactions 

UNITED STATES (INDIVIDUAL) 
CALIFORNIA 

California. University, Berkeley-Los 
Angeles 

• Publications in Geological Sciences 
Stanford University. De.partment of Geo­

logy, Stanford, Calif. 
Contributions· 

COLORADO 
Colorado. University, Boulder 

Unive-rsity of Colorado Studies. Series 
in Earth Sciences 

CONNECTICUT 
Yale University, New Haven 
* American Journal .of Science 
Journ~l of Marine Research (Sears 

Foundation for Marine Research, 
Bingham Oceanographic Laboratory 

• Radiocarbon 
DISTRICT OF COLUMBlA 

Carnegie Institution of Washington, 
Washington, D.C. 
Publications 

FLORIDA 
Miami. ·University. Marine Laboratory, 

Coral Gables. 
Bulletin of Marine Science of the Gulf 

and Caribbean 
INDIANA 

Notre Dame. U~iversity,Notre Dame; Ind. 
* The American Midland Naturalist 
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IOWA 
Iowa. University, Iowa City 

Studies in Natural History 
KANSAS 

Kansas. University, Topeka 
• University of Kansas Paleontological 

Contributions 
LOUISIANA 

Tulane University, New Orlean~ 
• Tulane Studies in Geology and Paleon­

tology 
MARYLAND 

Johns Hopkins University, Ba 1 timore 
The Johns Hopkins University Studies 

in Geology 
MISSOURI 

Missouri. Univerl'ity, Columbia 
The University of Missouri Studies 

NEW YORK 
Paleontological Research Institution, 

Ithaca ' , 
• Bulletins of American Paleorytology 
* Palaeontographica Americana' 

NORTH CAROLINA ·· . ! 
Duke University. Department of Geology, 

Durham 
Southeastern Geology 

OHIO I 

Denison University, Granville! 
• Journal of the scientific Llborato­

ries of Denison Universit~ 
The Ohio State University, Columbus 
• The Ohio Journal of Science (Published 

jointly by O.S.U. and the,Ohio Aca­
demy of Science) 

PENNSYLVANIA 
Wagner Free Insti'tute of Sc,ience, Phi­

ladelphia 
Bu 11 e tin 

TEXAS 
Texas. University, Austin 

Bulletin 
Publications 

WASHINGTON· 
Washington (State) University, Seattle 

Memoirs of the University of Washing-
ton 

University of Washington Publications 
in Geology 

MIDDLE AMERICA 
MEXICO 

Mexico (City) Universidad Nacional.Insti­
tu to de Geologia 
Boletin 
Paleontologia mex1cana 

SOUTH AMERICA 
BRAZIL 

Rio de Janeiro, Brazil (State). Universi­
dade Federal 
lnstituto de Geociincias 

Geologia. Boletim 
Rio Grande do Sul, Brazil 

sidade Federal 

I 
(Sdte). Univer-

1 

STERKIANA NO. 5~. JUNE 197~ 

PERU 

Escola de Geologia, Porto Alegre 
Notas e estudos. 
Publica.yao especial 

Peru. lnstituto Geologico, Lima 
Bole tin 

EUROPE 
BELGIUM 

Brussels. Institut Royal des Sciences Na­
turelles de Belgique 

• Bulletin 
FRANCE 

Centre d'etudes et de documentation pale­
ontologiques, Paris 
Annales 

Faculte des Sciences de Paris 
Revue de micropaleontologie 

Paris. lnstitut Fran.yais du Petrole 
Revue de l'lnstitut Fran'Yais du Petrole 

et Annales des combustibles liquides 
Strasbourg. Universite. Service de la 

Carte Geologique d'Alsace et de Lo~raine 
Memoires 

GERMANY 
Hamburg. Geologisch-Palaontologisches In-

stitut · 
Mitteilungen 

Marburg. Universitat. Geologiscb-Palaon­
tologisches lnstitut 
Geologica et Palaeontologica 

Mtinster. Universitat. Geologisch-Pal~­
ontologisches lnstitut 
Mtinstersche Forschungen zur Geologie 

und Palaontologie 
HUNGARY 

Hungary. Foldtani lntezet, Budapest 
• Geologica'Hungarica. Series Palaeonto­

logica 
ITALY 

Genoa. Universita. lstituto di Geologia 
Atti 

Rome. Universita. lstituto di Geologia e 
Paleontologia 

. Geologica Romana 
NORWAY 

Oslo .. Universitetsforlaget 
• Lethaia, an internat ion a 1 journal of 

Paleontology and stratigraphy 
Oslo. Norsk Polarinstitut 

~rbok 
Skri fter 

POLAND 
Warsaw, lnstytut Geologiczny 

Biuletyn. Bulletin 
Kwartalnik geologiczny 

ROMANIA 
Romania. Institutul Geologic, Bucharest 

Dari de seama ale sedintelor 
Memorii 

SPAIN 
Madrid. Instituto de Investigaciones 

ol6gicas 'Lucas Mallada' 
Estudios geol6gicos 

Ge-

.· 
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SPAIN (CONT. ) 
Madrid. U~iversidad. Facultad de Cien­

ci as 
Col-pa; Coloquios de la Catedra dePa­

leontologia 
SWEDEN 

Lund. Uni ve rsi te t 
Acta Universitatis Lundensis. Lunds U­

. ni v.ersi tets !lrsskri ft 
Stockholm. University 

Stockholm Corrtributions 1n Geology 
Upsala. Universitet 

Bulletin of the Geological Institution 
YUGOSLAVIA 

Yugoslavia. Geoloskirudar~ki Institut, 
Zagreb 
Geoloski vjesnik 

Zavod za GeoloSka 1 Geofizicka Istrai.i­
vanja, Beograd 
Vesnik. Serija A: Geologija 

THE SOVIET UNION 
RUSSIA 

Akademiia Nauk SSSR. Paleontologicheskii 
lnstitut, Moscow 
• Trudy 

Leningrad. Gornyi Institut 
Zapiski 

Leningrad. Nauchno-Issledovatel'skii ln­
stitut Geologii Arktiki 
Trudy 

Leningrad. Universitet. Nauchno-Issle­
dovatel'skii Institut Zemnoi Kory 
Voprosy Paleontologii 

Leningrad. Vsesoiin~ Nefti~noi Nauchno­
Issledovatel'skii Geologorazvedochnyi 
lnstitut· 
Trudy. Novaia seriia 

ASIA 
JAPAN 

hokkaido University, Sapporo. Faculty of 
Science. 
Journal. Series 4: Geology and Minera­

logy 
Kyushu University, Fukuoka. Faculty of 

Science' . 
• Memoirs. Se~ies D: Geology 

Tohoku University, Sendai 
Contributions from the Institute of Geo­

logy and Paleontology 
Science Report. Second Series (Geology) 

Tokyo. University. Faculty of Science 
Journal. Section 2: Geology, mineralogy, 

geography, seismology · 

AFRICA 
MOZAMBIQUE 

Estudos Gerais Universitarios de Mo9ambique, 
Louren9o Marques 
Revista de ciencias geol6gicas 

AUSTRALIA AND OCEANIA 
AUSTRALIA 

Queensland University. Department of Geo­
logy, Brisbane 
Papers 

NEW ZEALAND 
Wellington, New Zealand. Oceanographic 

Institute 
NZOI Records 

M U S E U M S 
NORTH AMERICA 

CANADA 
Canada. National Museum, Ottawa 

')1 

* Bulletin (Title varies: Victoria Memo­
rial Museum Bulletin, Museum Bulle­
tin, etc.) 

Toronto. Royal Ontario Museum. Life Sci­
ences Division 
·con t rib u t ions 

UNITED STATES (INDIVIDUAL) 
ARIZONA 

Flagstaff, Ariz. Museum of Northern 
Arizona 
Bulletin 

CONNECTICUT 
Yale University. Peabody Museum of Na­

tural History 
Bulletin 

DISTRICT .OF COLUMBIA 
U.S. National Museum, Washington, D.C. 

·• Bulletin 
• Proceedings 

FLORIDA 
Florida. University, Gainesville. State 

Museum 
Bulletin. Biological Sciences 

HAWAII 
Bernice Pauahi Bishop Museum, Honolulu 

Bulletin 
ILLINOIS 

Chicago. University. Walker Museum 
Contributions 
Memoirs 

Field Museum of Natural History, Chicago 
Fieldiana: Geology, Memoirs 
Publications 

Illinois. State Museum of Natural His-. 
tory, Springfield 
Bulletin 

MASSACHUSETTS 
Harvard University. Museum of Compara­

tive Zoology, Cambridge 
Brevi ora 
Bulletin. Paleontology 
Memoirs 

MICHIGAN 
Michig~n. ~niversi~y. Museum of Pale­

ontology, Ann Arbor 
Contributions 

Michigan. University. Museum of Zoo­
logy, Ann Arbor 
Miscellaneous Publications 
Occasional Paperg 

NEW YORK 
American Museum of Natural History, 

New York. 
American Museum Novitates 
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NEW YORK (Cont.) 
Americari Museum 

(Cont.) · 
Bulletin 
The Curator 

of Nat. History, 

Memoirs I' 
Natural History: the journal ~f the 

American Museum ' 
New York. State Museum and Science Ser­

vice, Alhany 
Annual Report 

*Bulletin 
Educational Leaflet 
Handbook 

* Memoir 
OHIO 

Cleveland. Museum of Natural ~istory 
The Explorer 

PENNSYLVANIA 
Pittsburgh. Carnegie lnsti tute Museum 

Annals 
WISCONSIN 

Milwauke~. Public Mus~um 
Bulletin 

SOUTil AMERICA 
ARGENTINA 

flucnos Aires. Mus eo Argentino d~ c·ien­
cias Naturales 'Bernardino Rivadavia' 
Anales ' 

URUGUAY 
Montevideo, Museo de Histor1a NJtural 

Comunicaciones paleontol6gica~ 

EUROPE 
BELGIUM 

Brussels. Musee Royal d'Histoire Natu­
relle de Belgique 
• Annales 
• Memoires 

Tervuren, Belgium. Musee du Congo Beige 
Annales. Ser. in-8 . Sci~nces geelo­

giques 
ENGLAND 

British Museum (Natural 
* Bulletin. Geology 

Publications 

History) Londun 

. I 
FRANCE 

Lyons. Museum d'Histoire Naturelle 
Archives 

1 

HUNGARY I 
Budapest. Magyar Nemzeti Muzeum. 

Annales historico-naturales : 
Budap~st. Termeszettudomanyi Mu~eum 

Fragmenta mineralogica et palaeonto-
1ogica 

NETHERLANDS 
Leyden. Rijks Geologisch-Mineralogisch 

Museum 
Sammlungen des Geologischen· Reichs­

Museums in Leiden. (Superseded in 
1925 by Leidsche Geologische M~ded­
elingen) 

POLAND 
Warsaw. Muzeum Ziemi 

Acta Geologica Polonica 
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PORTUGAL 0 

Coimbra, Portugal. Universidade. Museu 
Mineral6gico e Gecil6gico 

. PublicaGBes; Mem6rias e Noticias 

AFRICA 
South African Museum, Cape Town 

Annals 

AUSTRALIA AND OCEANIA 
AUSTRALIA 

Queensland Museum, Brisbane 
Memoirs 

OTHER SERIALS (ISSUED BY BOOK PUBLISHERS, 
PRIVATE SOURCES, ETC.) 

NORTH AMERICA· 
CANADA 

The Canadian Naturalist and Quarterly 
Journal of Science. (Superseded by 
Canadian Record of Science) (Montreal) 

UNITED STATES 
The American Geologist (1888-1905; 1906 

merged into Economic Geology; 1922, 
Pan Amer~can Geologist) (Minneapolis) 

Earth Science (Colorado Springs, Colo.) 
Journal of Geology (Chicago) 
Rocks and Minerals (Peekskill, N.Y.) 

* Sterkiana (Columbus, Ohio) 

SOUTH AMERICA 
ARGENTINA 

Boletin Paleontol6gico de Buenos Aires 
(Buenos Aires) 

EUROPE 
AUSTRIA 

Palaeobiologica (Vienna) 
Tschermaks mineralogische und petro­

graphische Mitteilungen (Vienna) 
ENGLAND 

Advances in marine biology (London) 
Deep-sea Research and Oceanographic 

Abstracts (Oxford) · 
Estuarine and coastal marine science 

(London) 
Geochimica et Cosmochimica Acta (Oxford) 
The Geological Magazine (Hertford) 
The Geologist (London) 
Nature (London) 
Nature (Physical Science) (London) 

FRANCE 
• Annales de paleontologic (In 1963, super­

seded by Anna1es de paleonto1ogie. Se­
rie vertebres (and) ... Serie inverte­
·bres (Paris) 

• Journal de Conchy1io1ogie (Paris) 
GERMANY 

Fortschritte der Geologie und Palaeonto-
logie (Berlin) ' 

Geologie (Berlin) 
Geologische und pa1aeonto1pgische Abhand­

lungen (Jena) 
Geologisches Archiv (Konigsberg) 
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GERMANY (Cont.) 
Jahrbuch f~r Geologi~ (Berlin) 

• Neues Jahrbuch fUr Geologie und Palaonto-
logie. Abhandlungen. (Stuttgart) 
Monatshefte (Stuttgart) 

• Palaeontographica (Stuttgart) 
• Palaontologisc~e ZeitschrifL (Berlin) 
ITALY 
• Annales de g~ologie et de pal~ontologie 

(Ceased publication in 1930). (Palermo) 
• Palaeontographia Italica (Pisa) 

Quaternaria; storia naturale e culturale 
del Quaternario (Rome) 

NETHERLANDS 
Earth Science Reviews (Amsterdam) 
Marine Geology (Amsterdam) 
Palaeogeography,Palaeoclimatology, Palae-

oecology (Amsterdam) 
Sedimentary Geology (Amsterdam) 
Tectonophysics (Amsterdam) 

SPAIN 
Revista espanola de micropalaeontolog1a 

(Madrid) 
SWITZERLAND 

Eclogae. Geologicae Helveticae (Basel) 

ASIA 
JAPAN 

Atlas of Japanese Fossils (Tokyo) 

PROCEEDINGS OF INTERNATIONAL MEETINGS 
Congres International de Stratigraphie et de 

Geologie du Carbonifere. Compte Rendu 
(Paris) 

International Geological Congress 
• Reports (Published at the site of the Con­

gress) 

FIELD TRIP GUIDE BOOKS 
Geological societies prepare fie /.d trip guide 

books for their annual ~eetings. I~ these re­
gional studies, there is often· mention of lo­
cal fossils. Examples of such publications 
are the Ceo logical Society of America's Gul!le­
book for field trips arid the Society of Econo­
mic Paleontologists and Mineralogists' Guide­
book for annual field trip. 

GENERAL· TREATISES 

ABBOTT, Robert Tucker (1954) American sea-
shells. (The New Illustrated Natura.list) 
Princeton, N.J., Van Nostrand. 541 p. 

ABEL, Othenio (t916) Palaobiologie der Ce-
phalopoden a us der Gruppe der Dibranchiaten. 
Jena, G. Fjscher. 282 p. 

AKADEMIIA NAUK GRUZINSKOI SSR, TIFLIS. INS­
TITUT PALEOBIOLOGII (1966) Spravochnik poeko­
logii morskikh dvustvorok. Moskva, Nauka. 
351 p. 

BAKER, Frank Collins 
e d . ) The l i f e of the 
Period as recorded in 

(1969 reprint of 1920 
Pleisto~ene or Glacial 
the' deposits laid down 
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by the great 1ce· sheets. New York, AMS Press. 
476 p. 

(1945) The molluscan family Planorbi­
dae. Collation, revisions, and additions by 
Harley Jones Van Cleave. Urbana, University 
of Illinois Press. 530 p. 

BALASHOV, Zakhar Grigor'evich (1968) Endo-
tseratoidei Ordovika SSSR. Leningrad, Lenin-
grad Universitet. 278 p. 

BENNETT, !SOBEL (1966) The·fringe of the 
sea. Adelaide, Australia, Rigby. 261 p. 

BIGSBY, John Jeremiah(l868) Thesaurus silu-
ricus. The flora and fauna of the Silurian 
Period, with addenda (from recent acquisitions) 
London, J. VanVoorst. 214 p. 

---- (1878) Thesaurusdevonico-carboniferus. 
The flora and fauna of the Devonian and Car­
boniferous Periods. London, J. Van Voorst 
448 p. 

Biology and geology of coral reefs ( 1973- ) 
New York, Academic Press. Vol: I--

BORRELLO, Angel V., ed. (1.966) Palaeonto-
grafia bonaerense. Fasciculo 3. Tnvertebra-
do~, by Horacia 1!. Camacho. La Plata, Provin­
e i a de Buenos Ai res , Com i s i 6 n de Invest i g a -
cion Cientifica. 159 p. 

BOWEN. Robert Napier Clive (1966) Palaeotem­
perature analysis. (Methods in geochemistry 
and geophysics, 2) Amsterdam, New York, Else-
Vler. 265 p. 

BUCKMAN, Sydney Savory (1887-1907) A mono-
graph of the Ammonites of the 'Inferior Oolite 
Series' (Stages- Toarcian, pars; Aalenian: 
Bajocian; Bathonian, pars) London, Printed 
for the Pa laeontographi cal Society. 2 vols. 

CADART, Jean ( 19 55) L e s escargots ( fl el. i x p o­
matia L. et Helix aspersa M.); biologie, ele­
vage, parcage, histoire, gastronomic, commer-
ce. (Savoir en histoire naturelle, v. 24) 
Paris, P. Lechevalier. 420 p. 

CAMACHO, Horacia H. (1966) lnvertebrados 
f6siles. Rev. (Manuales de EUDEBA, Ciencias 
Naturales) Buenos Aires,Editorial Universita-
ria de Buenos Aires. 707 p. 

CANADA, GEOLOGICAL SURVEY (1865-1906) Pa-
laeozoic Fossils. Montreal, Dawson, 4 vols. 

CARSON, Rachel Louise ( 1955) The edge of the 
Sea. Boston, Houghton Mifflin. 27b p. 

CASE, Gerard Ramon (1968) Fossils illustra­
ted; an atlas of invertebrate and vertebrate 
fossils. New York. Grafco. 32 p. 

CELEBONOVIC,Stevan (19577) The living Rocks. 
Translations by Joyce Emerson and Stanley A. 
Pocock. (Art and Nature) London, Phoenix 
House. 94 p. 
CHAVAN,·Andr~ (1957) D~termination pratique 

des fossiles, par Andr~ Chavan et Andre Cail-
leux. Paris, Masson. 387 p. 

CHEMIN, Emile (1926) bes mollusques d'eau 
douce. (Encyclopedie pratique du naturaliste, 
24) Paris. P. Lechevalier. 185 p. 

DAVIES, Arthur Morley (1934) Tertiary fau· 
nas, a text-book for oilfield palaeontologists 
and students of geology.· London, T. Murby. 2 
vols. (2d ed. published in 1971 by Allen and 
Unwin, London; 2 vols.) 
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DECUGIS,.Henri (1941) Le vieillissement du 
monde vivant. Paris, Pion. 385 p. 

DENYS DE MON'IFORT, Pierre (1801-1805) His-
toire naturelle, generate et part'iculiere des 
mollusques, animaux sans vertebres et a sang 
b 1 an c. Paris , F. Du far t . 6 v o 1 s . : 

DEZALLIER D'ARGENVILLE, Antoine J.oseph(l755) 
L'Histoire naturelle eclaircie dans une de ses 
parties principales, l'Oryctologie,' qui traite 
des terres, des pierres' des metaux, des mine­
raux, et autres fossiles, ouvrage dans lequel 
on trouve une nouvelle methode latine et fran-
9oise de les diviser, et une notice critique 
des principaux ouvrages qui o~t paru sur ces 
matieres. Paris, chez De Bure l'Ai~e. 560 p. 

EDMONDSON, Walles Thomas (1959) Fresh-water 
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Fuer die Litteratur und-Kenntniss derNatur­
geschichte, sonderhch der Conchytiien und der 
Steine (1782). Weimar, C.L. Hoffman'. 2 vols. 
in 1 

GAUDRY, Albert ( lfl78-lfl90) Les enchainements 
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giczny, Wydawnictwa Geologiczne. 441 p. 
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fossils, on scientific principles. Maccles­
field, Printed by J. Wilson. 250 p. 

MILLER, Samuel Almond (1889) North American 
Geology 'and Paleontology for the use of ama-
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eralized remains of the vegetables and animals 
of the antediluvial world; generally termed 
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No. 1299) Washington, D.C., Ame~ican Geophys-
ical Union. 281 p. ! 

JOUBIN, Louis Marie Adolphe Olivi~r Edouard. 
Nemertiens, cephalopodes, brachiopo1es, par J. 
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tique Fran«;:aise (1908-1910) command~e par Jean 
Charcot. Sciences naturelles: documents sci-
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Fran«;:aise (1908-191Q) commandee par Jean Char­
cot. Sciences naturelles: documents scienti-
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ford, Calif.,Stanford University. 420 p. 

FREMONT, John Charles (1845) Report of the 
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ton, D. C., Gales and Seaton. 693 p. 
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T. Murby. 450 p. 
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Stanford University Press. 88 p. · 
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WARMKE. Germaine LeClerc 0962) Caribbe­

an Seashells; a guide to the marine mollusks of 
Puerto Rico and other West Indian islands, Ber­
muda and the Lower fl9rida Keys, by Germaine 
L. W.armke andR. Tucker Abbott. Narberth, Pa., 
Livingston. 348 p. 
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GREACEN, Katherine F., comp. (1946) Silu­

rian inverteb-rate fossil~ from Illinois in the 
Thomas A. Greene Memorial Museum atMilwaukee­
D~wner College. Compiled by Katherine F.Grea­
cen and John R. Ball. (Milwaukee-Downer Col­
lege Bulletin) Milwaukee. 61 p. 

ILLINOIS STA'IE GEOLOGICAL SURVEY (1866-
1890) Geological Survey of Illinois. Spring­
field, State Journal Steam Press. 8 vols. in 
9. 

INDIANA 
COLLETT, John (1881) Indiana Geological 

Report, 1879-1880. From the Second Annual 
Report of the Bureau of Statistics and Geolo­
gy. Indianapolis, Carlon and Hollenbeck. 164 
p. 

CUMINGS, Edgar Roscoe (1907) The Stratigra­
phy and Paleontology of the Cincinnati Series 
of Indiana. (Extracted from the 32d Annual 
Report of Indiana, Dept. of Geology and Natu­
ral Resources,. p. 605-1258) n.p. 

GREENE, George K. (1898-1906) Contribution 
to Indiana Paleontology. New Albany, Indiana, 
Ewing and Zeller. 2 vols. in 5. 

NAVE, Floyd Roger (1968) Pleistocene Mol­
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Indiana. (Thesis Ph.D., The Ohio State Uni-
versity) Columbus. 157 p. 
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THE MUSCATINE CONCHOLOGICAL CLUB, Musca-

. tirie, Iowa (1883) The Mollusca of Muscatine 
County and vicinity. Boston, S. E. Cassino, 
24 p. 

KENTUCKY 
KENTUCKY GEOLOGICAL SURVEY (1856-1861) 

First- fourth Report of the Geo'togical Survey 
in Kentucky made during the years 1854 to 1859 



by David Dale Owen. Frankfort, A. G. Hodges. 
4 vo l s. 

---- (1889) Kentucky fossil shells:; a mono­
graph of the fossil shells of the Sil'urian and 
Devonian rocks of Kentucky, by Henr.y Nettel-
roth. Frankfort, E.P. Johnson. 29~ ~· 

MASSACHUSETTS i 
GOULD, Augustus Addison (1870) 1Report on 
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agreeably to an order of the Legisla'ture. 2d 
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Binney. Boston, Wright and Potter. 524 p. 

GRABAU, Amadeus William, ed. (189.8) Guide 
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Ed. by A. W. Grabau and J. E. Woodlllan. Bos­
ton, American Association for the Advancement 
of Science. 100 p. 

.MINNESOTA 
MINNESOTA GEOLOGICAL AND NATURAL HISIDRY 

SURVEY ( 1884-1901) The Geology of Minnesota. 
Vol. 1-6 of the Final Report. St. ~aul, Pio-
neer Press. 6 vols. in 7-

NEW JERSEY 
NEW JERSEY GEOLOGICAL SURVEY (1886-1907) 

Report on Paleontology. Trenton. 4 vols. in 
5. i 

NEW MEXICO 
NEWELL, Norman Dennis (1953) The Permian 

Reef Complex of the Guadalupe Mountains Region, 
Texas and New Mexico; a study of Pal~oecology, 
by Norman D. Newell et al. San Francisco, W. 
H. Freeman. 287 p. i 

U.S. ARMY CORPS OF ENGINEERS (1876) Report 
of the Exploring Expedition from San.ta Fe, New 
Mexico, to the junction of the Grand; and Green 
rivers of the Great Colorado of the West, in 
1~59, under the command of Capt. J.N. Macomb, 
Corps of Topographical Engineers .. 1. with ge­
ological report by Prof. J.S. Newbe~ry. Wash­
ington, Govt .. Prtg. Office. 168 p. i 

WENDORF, Fred, ed. (1961) Paleoecology of 
the Llano Estacada. (Publication o~ the Fort 

. . I 
Burgwin Research Center, No. 1) Sanl'ta Fe, Mu-
seum of New Mexico Press. 144 p. 

NEW YORK . 
HALL, James (1964) Preliminary! Notice of 

the Lamellibranchiate shells'of the Upper Hel­
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