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THE LAND AND FRESH-WATER MOLLUSKS 
OF PUERTO RICO 

INTRODUCTION 

THE following account of the land and fresh-water shells of Puerto Rico is 
based on collections made in that island during the 1940-1941 school year 
when I was privileged to enjoy an exchange professorship at  the University 
of Puerto Rico. Holidays and ~veelr-end periods were utilized to collect at  
some hundred widely scattered stations (Map 1). Since the insular govern- 
ment maintains one of the best road systems in the Antilles, i t  was compara- 
tively easy to travel by automobile to many of the otherwise less accessible 
parts of the island. 

The inland molluscan fauna is rich, consisting of about one hundred 
and fourteen species of which only about a dozen are fresh-water forms. 
Land shells constitute the bulk of the assemblage. I n  the course of the 
work i t  became increasingly clear that many problems of necessity would 
remain unsolved. Much of the early information about the molluslrs of this 
region is in journals available oiily to those who worlr in conchological 
centers. There is, then, a need for an account which will bring together 
essential data to be used by those not having access to some of the more 
specialized publications. Whenever possible, comments have been made 
on controversial problems with the hope that students, particularly those in 
Puerto Rico, will contribute information to aid in clarifying such issues. 

The fresh-water fauna is surprisingly meager. Evidently, this condition 
has been due both to the geological history of the region and to certain factors 
now in operation. The rivers of this island are too irregular in nature to 
support a large molluscan fauna. They often become dry in their headwa- 
ters during drouth, and in rainy periods they become violently turbulent, 
particularly toward their months. Also, the intensive program of irrigation 
carried on in recent years has so altered ecological conditions in many 
streams that an attempt to collect shells from them is disappointing. Yet, 
as is generally Imown, one of the major social and economic problems of the 
people of this island is centered about the control of one of the fresh-water 
species, Australorbis glabratus, the intermediate host of the blood flulre, 
Scl~istosoma mansoni. The struggle against schistosomiasis or bilharziasis 
is closely associated with a lrnowledge of the habits and distribution of this 
aquatic snail. 

Some land snails have bccomc adapted to the many changes introduced by 
man, but others exist only in the more inaccessible places. Although sev- 
eral intensive collectiolls have beell undertaken, there is ample opportu~iity 

irlons for further search in the less disturbed and more sparsely inhabited re,' 
9 



10 HEKRT VAN DER SCHALIE 

of the island. There is also a need for studies into the comparative morphol- 
ogy and life histories of many species. H. B. Baker has recently made a 
nnnlber of valuable contributions bearing on the anatomy and phylogenetic 
relations of several of the larger groups of land shells in Puerto Rico, the 
West Indies, and Central America. 

Map 1. The stations in Puer to  Rico. 

ACKNOWLEDGMENTS 

I am particularly indebted to the late Dr. F. 1M. Pagtin, of the University 
of Puerto Rico, who was a continual source of encouragement and aid during 
the course of the field activities. Mr. Rafael C6rdova MBrquez, also of the 
University of Puerto Rico, aided considerably on numerous excnrsions into 
the field. 31an.v interesting and profitable discussions were held ~vith Dr. 
TVilliam A. IIoffn~an, of the School of Tropical Medicine in San Juan,  whose 
s~idden death in 1943 was most unfortunate, since he contributed much 
toward the appreciation of the roles of several snails in life histories of para- 
sites. Dcan Julio Garciti-Diaz, of the University of Puerto Rico, was genu- 
inely iilteresteti in this work and aided in many ways. I n  studies of the col- 
lections, Dr. 11. I3. Baker, of the Uuiversity of Pennsylvania, generously 
submitted u set of notes based on his field work in Puerto Rico ; William J. 
Clench, of the Museum of Comparative Zoology, Calvin Goodrich, and AnrEle 
La Rocque, both of the University of Michigan, gave helpful counsel; the late 
Miss Grace Eager, of the University of Michigan, contributed her expert 
ability in making the illustrations; and the field work was facilitated and 
publication was made possible by a grant in aid from the Horace H. Rackham 
School of Graduate Studies. To these and many others who aided in various 
ways, I wish to express my grateful appreciation. 



MOLLUSKS OF PUERTO RICO 11 

HISTORICAL ACCOUNT 

Since the time of Columbus, Puerto Rico has been inhabited and exploited 
by the white man. Consequently, it is not surprising that a few of the 
mollusks from this island were among the earliest to be incorporated in the 
binomial system by pioneers in systematics, such as Linnaeus, Martini and 
Chemnitz, and Gmeliii. Early in the nineteenth century, F6russac1 (1821- 
22) and Lamarck (1822) described and listed a few species previously col- 
lected on the island by Mauge and Krauss. 

The subsequent historical sequence of conchological discoveries is of 
necessity difficult to reconstruct. The broad outlines are scattered in the 
literature. Some who may have contributed materially, but whose discov- 
eries have not found their way into print, may have been neglected in general 
historical reviews. H. Crosse (1892) has given an informative summary of 
the increase of knowledge of this insular fauna. The main outline of this 
development is given also, although in less detail, by A. Stahl (1882) and 
Juan  Gundlach (1883). 

C. Moritz (1836) mentioned a few land shells that he collected in 1835 
during an expedition to the island. He apparently spent about four months 
collecting mainly entomological specimens for the Royal Museum of Berlin. 
He visited marginal regions of the north, south, and east coasts ; his concho- 
logical contributions were meager. 

Bernhard Friedrich Blauner, a Swiss naturalist, visited Puerto Rico in 
1852. The concentrated effort of this able collector marks the first impor- 
tant stride in gaining an adequate knowledge of the land and fresh-water 
shells of the island. Blauner was encouraged in his work by R. J. Shuttle- 
worth, who in 1854.published the first list of the molluslrs from this island 
under the title : "Beitrhge zur nhheren Keiintnis der Land- und Siisswasser- 
iCiollusken der Insel Portorico." Blauner collected mainly in the eastern 
part of Pucrto Rico around San Juan, Humacao, and the region of the Lu- 
quillo Mountains. He had planned to continue his careful survey, but after 
sixteen nionths of work he fell ill and died a t  the home of his friend and fel- 
low countryman, Sandoz-Cunier, in IIumacao on September 3, 1853. Shut- 
tleworth's catalogue, which enumerated about one hundred species of land 
and fresh-water shells, has served as a foundation for the more recent lists. 
This first comprellensive census represents a real monument to the arduous 
pioneering work of Blauner. 

Juan  Gundlach explored Puerto Rico in 1874. He was thoroughly famil- 
iar with the field activities of his predecessors. Consequently, he made an 
effort to visit the less known regions of the west. His collections were sent 
to thc Zoological Museum at  Berlin, ~irhere E .  voii Martens (1877) studied 

' A .  S. Kennard ("The Itistoire and Prodrome of F$russnc," Proc. Malacol. Soc. 
London, 25  119421 : 12-17) gave propcr dates f o r  the many parts of I."Qrussac's works. 
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and reported on them. Later, Gundlach (1883) published a detalled account 
of his travels in Puerto Rico. Although he presented the basic information 
already given by von Martens, there is an observation in Gundlach's article 
which is of special import particularly, since i t  is made by one who also did 
considerable work in Cuba. The following claotation is a translation from 
Gundlach's (1883) report : 

Even hnowing all this, I believed, relying on my experience in Cuba, that one would 
find rnnrly now species in tl~c ~nour~t,~ins of the wrst, :L pl:~cc where I planned to make my 
main excursions. I belioved that, as in Cuba, each region of Puerto Rico worild offer to me, 
mainly arnong the rocks and rock walls, different species tlint vary within a short distance, 
whilo others wonld vary within large1 arens. But, I was mistaken. Even though I 
examined many plots of land, I found the snlne speeles of lantl and f r  eslimatrr shells. 

This is an  important observation, emphasizing the lack of local endemism in 
Puerto Rico as con~pared with that present in Cuba. 

Many collectors havc contributed to knowledge of the island shells. 
Among the better-known ones, Sintenis gave a small collection to the German 
consul, ICrug, who sent the specinlens to the Berlin Museum, where they were 
recorded in a short but excellent publication by E. von Martens (1891). 
Justus Hjalmarson, a pharmacist in Arecibo who collected specimens, is 
mentioned by Gundlach as having received him cordially when Gundlach 
visited the island. Mention should be made also of A. Stahl (1882), a natu- 
ralist who lived in Bayamon. Altliough Stall1 is better known as a botanist he 
liad sufficiently broad interests to devote a section of his Catalogo del gabinete 
zonlo'gico to mollusks. Other familiar names among the early contributors 
are : Swift, Riise, Newton, and Knox. These men sent specimrhns 10 Pfeiffer, 
who named some of the species in their honor. 

I n  1901, Dall and Simpson published a report entitled: "The Mollusea 
of Porto Rico." This represents the most complete list of the rnollusks on 
this island. They added much new information concerning the marine 
forms, information contributed largely through the collections made by those 
who conducted the explorations of the steamer "Fish Hawlr." The principal 
sources of data concerning the land and fresh-water shells are those previ- 
ously mentioned, so that but little was added to what was already given by 
Shuttleworth (1854), E. von Martens (1877 ; 1891), Gundlach (1883), and 
Crosse (1892). 

Since the turn of the century the following investigators have been instru- 
mental in adding materially to the accumulated knowledge about the mol- 
lusks of this island : William A- Roffman conducted research in parasitology 
at  the School of Tropical Medicine, where he worlied particularly with A m -  
tralorbis glabratus and other fresh-water snails available to him in conduct- 
ing field studies. Recently, F. C. Baker (1941) named a planorbid snail in 
his honor. Paul Bartsch, of the United States National Pliluseuin, visited 
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1'~lerto Eico and stated (1Yd0: 101) that hc wlls able to exuiniile "the elitire 
eastern mountain complex7' as well as "to explore many of the limestone hills 
of the north range between San Juan  and Arecibo, all of which yielded an 
abundance of interesting and important land mollusks." William J. Clench 
visited the island briefly in 1937 and collected land shells from the region of 
Catafio. During June, 1938, P. J .  Darlington discovered Mcleania darLilzg- 
toni in the Maricao National Forest. The most important contributor since 
the time of Blauner and Gundlach has been H. B. Baker, who spent two 
months in 1939 carefully collecting in critical regions. He has described 
several new species and has obtained sufficient living material to make sub- 
stantial contributions to comparative morphology and phylogeny. H e  has 
also contributed considerably to my efforts to gain information about the 
ecology and distribution of many of the less common species. 

LAND SHELLS 
K E Y  TO LAND SHELLS 

1 ( I .  Sl~ell I)I cscnt 

b. Sllcll absent 74 
2 a. With operculum ..................... . . 3 

b. Witl~out  opcrculun~ 2 2 

OPERCULATES 

3 a.  Adult ~isually nloro t b n i ~  8 mln. in height; height greatcr t11:~n diameter 4 
6. Adult usually less than 8 mm. in hciglit; h e ~ g l ~ t  about equal to  or less than 

diameter 13  
4 a.  Us~ially 1 ess 

unif or111 5 
b. Usually snlaller (less than 20 uim. i n  length) ; s l~rfacc  with prominent sculpture 

and often wit11 color bands or blotches 6 
5 a. Large, common form, white or gray Megalo?nastonaa croceum (Pl. 11, Fig. 1) 

1). Snlall, stunted, very local, with a brown or horn color. 
Mcgalomasto?nu vcrruculosum (Pi.  11, Fig. 2 )  

6 (1. Olterc~~lum with a spiral, mised ridgc Genus Lzczna 7 
1). Opercl~luni wlthout a spiral, raised ridge Genus Chondropoma 9 

7 a. Lip w1t11 prominent reflectlon 
1). Lip w l t l~out  prominent rc>flection 

8 (1. Spiral srnlptr~re on sl1c.11 ~ ) r o i ~ i i n ~ n t  L ~ c r i ~ n  aguatlillensas (Pl .  11, Fig.  4)  
b. Slnral sclllptrlie on s l~r~l l  fa in t  1,rcuta dccztssata (PI. 11, Fig. 3 )  

!f tr .  A~)rr tnrnl  pnrt of ]:)st wl~orl ~ I Y , ] I I I I C ~  10 
h. Aprrtnrr~l piut  of lnut whorl only \cry ~ l i a l ~ t l y  ~ i l ~ j u ~ r c t ,  i f  a t  all 11 

10 ( I .  l)is,junct cont l i t io~~ p r o ~ n i n c ~ ~ ~ t  ; l:~st wllorl ilcscc~ntlitlg ol~liql~cly;  vcrtienl scnlptl~re 
I ) L . ~ I I I L I I I C I I ~  C J L ~ ? I ~ ~ ~ O ~ J O I I I ~ L  C O ) I S ( ~ ~ I L ~ L  (El. 11, Fig. 8) 

6. 1)1sjunct c o n d ~ t i o ~ ~  l(,ss pronlincn( ; 1:rat wl~ori  not desronding obliquely; 8pir:~l 
s c~ r l l~ t i~ rc  wry  p r o ~ ~ u n e ~ ~ t  Glto?td~oponrc~ swi f l i  (Pl. 11, Fig. 10) 

11 tr. Sculptlnc, ronrsc. itlld ~ ~ O I I I I I I C I I ~  wit11 :I, wide flare of tllr lip. 
C1~ondropo))ro rlnncl~iei (PI. 11, Fig. 9 )  

b. S c l ~ l l ) t ~ ~ r c  finc ; proniinc~nt color l)iiilds 01. blotches usnnlly present 12 
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12  a. Narrow and attenuate; color patterns variable Chondropon~a rtzuez (Pl.  11, Fig. 6) 
b.  hfore pondeious; r:1y8 f i ~ ~ c ,  spirally ai1:tngctl and brokeii. 

Cl~ondropoma bla~rnert (PI. 11, Fig. 7 )  
13 u. F l a t  or coiled in olic. ~ ) l : n ~ c  (p1:~norboid). 

C I  I ccloci~.rctr~ por to~aca?~us  (Pl. I, Fig. 8) 
b .  Triangular in outline 

greenish E'ud~lenln po~toiaccnszs (1'1 I, F ig  7 )  
b. Opercul 

reddish 
17  a.  5-6 mln. 

Luczdella t tn~bonata (Pl.  I, Fig. 6 )  
b. 3-4 mm. in diameter; sculpture oblique Lucadrlla mnoau (Pl.  I, Fig. 5 )  

18 a. Relatively largo (diameter, 8-12 mm.) ; subglobose or bell shaped in outline 19 
b. One-half a s  large (diameter, 4-5 mm.) ; conical 111 olitline, with whorls somewllat 

flattened; yellow or red Alradzu alta (1'1. 1, Fig.  3)  
19 a. Growth lines fine, but vis ot  pollshed 20 

b.  Growth lines not visible without a lens; surface pollshed; base of colunlclla 
flattened dlcadaa lbjalrna~sont (PI. I, Flg. 2 )  

20 a. Nepionic whorls not raisrd; umbilical notch not plltcd 
ATcnr71n ?t)lfllr~ (1'1 I, Fig. 1) 

b. Nepionic whorls raisrd;  umb~lical  notch pitted 
Z t l ~ t z n a  pltasaa7ctlla (1'1 T ,  Fig.  4)  

21 a.  Mcd~uin s i ~ e  (dianletcr, 4-5 mm ) , 1:i~t ~vhoil  (11 opl)lny siightly b( lon the pre- 
ecd~iig Stoastonsops bo iaq t i~n~  (Pl.  I, Fig. 10) 

6. Small (diameter, 2.5 mm.) ; last  whorl dropping considerably below the preceding. 
Stousto?nops ptto to? ~cci7~n (1'1. I, Flg. 9) 

NONOPERCULATES 

22 a. I,c>ft coiled or sinistinl 23 
b. Right coiled or destial  24 

23 a. Large (lcngth, 25-30 mm.) ; ribbed; promiiicnt flnrmg al)cxlture with a pioniinent 
tooth on upper par t  of apr i tu le  A cilra l ,  idols (PI. V I I ,  Fig. 6) 

b. Attenuate, clongate (length, 15-20 inn1 ) ,  t~gl i t ly  coilcd, hlo\rll, polisl~cd, lip simple. 

24 a. Flattoled (about t n  
b. Elongate or atteiiunt 
c. C:~psule s11:tpcd ; most 

in a p r ~ t ~ ~ l c x  GG 

25 a. Large, flat (wi 
niore or lrss proininelit flare a t  the outcr cdjic of 111) 26 

6. Flat ,  medinin size (diameter, 8-20 nim.) ; ahoiit tnicc as  wide :IS Iiigli 30 
c. Small, flat (diameter, 7 mm. or less) 3 6 
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26 a. With sculpture; n~oderately large (smallest diameter, abut 25 mm. or less) . . . . 27 
b. Without pronlinent sculpture, ~cln t i rc ly  large (smnllest diameter, about 30 mm. 

or more) - 28 
27 a. Sculpture usually giarlolar and scalelike Pr~l!/donfe~ lznla (PI. VI,  Fig.  8 )  

b. Sculpture striate by virtue of the prominently raised gro\vth lines or variccs. 
Zurhrysia a~ (~ tco?na  (PI. TI, l?ig. 11 ) 

28 a. More or less uniforn~ly bronn 29 
b. Banded; a prominent blaclc band arranged spiially along the top and ccntc'r of 

n h o ~ l  Plrlc~odo~rte ntargzntlla (Pl. VI ,  Fig. 6) 

c. Opaque, white; top of shell almost flattened, producing an  acute angle a t  outer edge of 
lezcrodonte acutangula (Pl.  VI ,  F ig .  10) 

Pleu~odonte  carocolla (PI. VI ,  Fig. 7) 
b. hIediun~ s i ~ e ,  high spire (height almost as  great as width). 

Pol!ldontcs lz~qttillensis (Pl.  VI,  Fig.  9)  
30 a.  Widely umbilicate; outer cdge of lip not flxred in adult ;  shell smooth and some- 

~ r h a t  polished in appearance Genus Attst~oselenites 3 1 
b. Narrowly umbilicate; outer e 32 
r. Umbilical region imperforate (sealed) ; outer edge of lip flared in adult 34 

31 a. Umbilicus larger, whorls less bulky, larger sutural spiral;  not common. 
Aust~oselcnites alticola (Pl.  V, Fig. 10) 

b. Umbilicus smaller, whorls more bulky, smaller sutural spiral; common form. 
Austrosele7tites concolor (Pl.  V, Fig. 9) 

32 a.  Spire low, giving shell almost a planorboid appearance; sutures deeply impressed. 
Aquebana velutina (Pl.  V I I I ,  Fig.  1 )  

b. Spire prominent; edge of vhorl  sllghtly carinate 33 
33 a. Growth ridges prominent Cepolzs mnsicola (PI. VI ,  Fig.  1 2 )  

b. Surface smooth Cepolis euclasta 
34 a.  Spiro low, with a pro~ninent carination a t  cdge of outer l ip;  a chnracteristic notch 

occurs back of lip on outer whorl C t y o l i s  squamosa (Pl.  VI ,  Fig.  13)  
b. Spire raiscxd (to an  ol~tusc angle) 3 5 

35 a. Carinat:on on outer ~vhorl  present but not prornincnt; surfncc with fine spiral 
sculpture; flulo of outcr lip rcl:ltirely prornincnt. 

Cepolis dervzati>za (PI. VI ,  Fig. 13) 
b. Without carination on outer n l ~ o l l ;  surface smooth and without any apparent 

sculptule Cepolzs bol-zqlcenae (PI. VI ,  Fig.  14)  
36 a. Small, flat (diameter, 7 mm. or less) ; about twice as  wide as  high 37 

b. Small, co~licnl (di:i~iietci, 2-3 n~m.)  41 
c. Minute, flnttened (diamctcr, 2 mm. or less) 43 

37 a. Opaque, white or brown; umbilicus usually n ide  38 
b. Vitreous and transparent 3 9 

38 a. Spire flat across top (planorboid) ; whorls coiled tightly with dense lirations 
I isiblc across wliorl under a lens Yrtnqiren denseltrata (PI. VI ,  Fig. 5) 

11. Spire flat; upper and outer side of last ~ ~ l i o r l  sliglitly carinate; fresh specimens 
often n i th  liiud coating Lacteolnna selenina (PI. VI,  Fig.  3) 

c. 8111~0 solne~vllnt elevate ; whorls rapidly expanding. 
Sgalosagda szibaquila (PI. VI I I ,  Fig.  2)  

39 a .  Imperforate;  inciscd lines acioss wl~orls visible unctct a lens. 
Retzntlla i?lsccta (PI. 111, Fig.  10)  

b. T'mbilicntc 40 
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40 a. hlicroscopically splrnllj str iate;  whorls I I I ~ I ~  dep~esscd, umbilicus more open. 
Rpli?~clla srtbl~,~lcrlr~lc~ 

b. F ~ n e l y  str iate;  s l ~ i t e  I I I ~ I O  clc\atcd m ~ d  n l ~ o ~ l s  inorc ronndcd; n~r~bilicr~ti  s~n:~llrr .  
Lon~ to~ t l r s  tc~borcus (1'1. 111, Fig. 19)  

41 a. Not litreons, growth llnrs I : L I R C ~  and pron~incnt;  sntr~rcs deeply inlpressed. 
l'lr!/.sc~nopliora pltrgzopt?yc'ltu (Pl.  V, Fig. 12) 

b. V l t r co~~s ,  smooth, shin)-, bronn 42 
42 a. Without sculpture I l t r l~~nco~r i t s  ef. ern st^ (Pl. 111, Fig. 8)  

b. IVitli fine microscopic sl)ir:~l lines along lo\\tsr surf.~ccb of last \\horl. 
G~cppila g~~ndlacl r i  (PI. ITT, Fig.  7 )  

43 n. Snrface smootl~ ; spirt so~nc\vh:lt clcvntecl ; sornc\vl~:rt iridescc~rt or ol~;rl~scont.  
Miradiscops (1'1. IV, Fig. 4 )  

b. Surface senlptnrcd 44 
44 a. Very finely striate; altitude, 1 mm. Hnwaiia rninvsc?ila (Pl.  111, Fig.  9)  

b. Surface microscopically spirally striate, with distant longitudinal oblique ribs;  
:rlt~tltde, 0.5 mm. S t ,  lalo1 (1 n1e1 ~ r l ~ o n u l ~ s  (Pl.  111, Fig. 11) 

45 a. Surface <cry shiny, polished, \itreons, not ribbed 46 
b. Surface not viticons, opaque, white or colored, oftc.11 rlbbed * 59 

46 n. I,ong, pol~rlicd, v~ t r eo l~s ,  brown, and oftnr nit11 bsc1\\,11 \(jrticnl color 1 ~ : ~ l l d ~  47 
b. Long, n:~rlow, not brown but pale green, transparent or wl~ite 51 

47 (1.  1~:1r,y(s (I(x1rgt11, 20-40 n l~n  ) ; lrngtll of nl1c.1 t I I I ~  . il~nost 11:llf the lcngt11 ; bnsc of 
c o l r ~ n ~ ~ ~ l l : ~  dccldrtlly t\zrrstc~d 48 

b. Rlcdium size (length, 1G-20 mm.) ; length of a11ertu:c only about one third the 
Icllgt,ll 49 

c. Snlall 50 
48 a,. Long and narrow; width in proportion to  length in the order of 10 to  30; growth 

striae not pro~ninent along sllouldc~r of u ~ l ~ o r l  Laeuariccllu playa (Pl .  V, Fig.  6)  
b. Long but more robust; width in proportion to length in the ordcr of 13  to  30; 

growth striae proininnit along shoulder of whorl. 
Lnevaricclla glnbra (Pl. V, Fig.  i) 

49 a. Tapering gradually fro111 apes lo \):Isc; color bands prcser~t or allsent, but if 
present ]lot brolie~i T'u~.icella portoriccncis (1'1. V, Fig.  8)  

b. Unevcrr tnper due t ~ o r l ;  vertical color bands present with 
" i~i tcr ru l~t ion"  or a break in t,he hand along cc,ntc,r of t l ~ c  wl~orl. 

I,nr~~ci~icclln i n t c~ . r~ rp (a  (Pl.  V, F'ig. 5) 
50 a. Length, 13-15 mm.; growth lines more closely spaced than in P. portoricc?rsis. 

Prrric~cllo calderoni (1'1. V, Fig. 2 )  
b. Length, 10-12 mni.; width in p r o p o r t i o ~ ~  to lcngt l~  in the order of 1 to  3 ;  shell 

moro conic than following species, \vitll longer \vl~orls and 1:lrgcr a ~ ~ e r t , ~ s r c .  
7'-aricella sporadictr (PI. V, Fia .  3 )  

C. Lengt,h, 10-12 mill. ; narro\v and a t , tc~l r~ntc ;  width in proportion to lcngt,l~ in the ordcr 
of 1 to 4 Varicclla terebracfo~?nis (1'1. V, Fig. 4 )  

51 ( I .  L:~l.go or medium size (Irngth, 6 I I I ~ I .  or   no re) elongate forms 52 
b. Minute, olongntc (length, 5 rnm. or less) ; very small, slender, narrowly Ianceolate; 

smooth, tra11sp:lrent or :III op:tque white; aperture about one third the length 58 
52 a. Narrow, elongate, with flattened tapering wl~orls;  white or green, not brown; apex 

more p o i ~ ~ t c d ;  lower pnlt  of columell:~ 11ot noticeably truncate but p:tssing con- 
tinuously into lower part  of lip 5 3 

b. Narrow, elongate, with nulnerous rounded and tapering ~v l~or l s ;  apex bluntly 
rounded; lower end of colunrell:~ nitli a stlong t ~ l s s t ;  shell white, p a y ,  or green, 
rarely brown 54 
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53 a.  Small (length, 7-70 uim.), slender and glossy; ~vhol ls  7 to 9. 
0belisc.iis szviftianzts (Pl. IT, Fig. 10) 

b. Large (length, 12-30 mm.), finely striate, whorls 9 to 10. 
Obelzs~us  t e r e b ~ a s t e r  (PI. IV, Fig. 9 )  

54 a. Base of columella decidedly truncate 55 
b. Base of columella curving e ~ e n l y  into basal mnrgin; not truncate or sinuate 56 

55 a.  Short (length, 5-7 mm.) ; ~v l~or l s  ribbed, spire obtuse, blunt and rounded. 
Lamc1lnl;~s micra (PI. IV,  Fig. 12)  

b. Short (length, 5-7 mm.) ; whorls n ~ t h  cliaracteristi~ curved striae;  spire more 
pointcd O p r u a  pit~iczlztri~ (1'1. IV, Fig. 7 )  

c. Longer (7-9 mni.); ~vhorls mole loi~ndcil, u ~ t h  ncll  sp:~ccd striae wllicll bccome 
I len~ler  below the sutures Lc~)~~clln.ras grnc,?lis (Pl.  IV, Fig .  11) 

56 a .  Slender (length, 12-20 mm.) ; a p c ~ t n ~ c  l c s ~  than onc third the lengtll. 
Szlbulsna octona (PI. IV, Fig. 1 4 )  

b.  Short, broad, and conic; apeiture about one third the lcngth 57 
57 a. Large (length, abont 10 rnm.) ; diameter about one half i ts  length; a lamellar plate 

on coluniellnr mall III apcrtine Lamellacts  ~ c ~ ~ ~ l n n z e l l a t n  (PI. IV,  Fig. 13) 
b.  Small (length, 5 mm.) ; less lol),ist; nlthout n Iamcllnr plate on axial side of 

aperture La7ncllaz1s i)lonndon opnlesccns (PI. IV,  Fig .  8) 
58. a. Short (length, 2 mm.) ; columelln truncate Cecilzoides consobrzna (Pl.  IV, Fig. 6) 

b. Long (length, 5 mm.) ; colulliella continuous 1~1th i)ns.rl 1111. 
Cerzlzozdes gzindlachz (Pl.  IV,  Flg. 5) 

59 a .  Long and wide (width, about half tile length) ; n h ~ t c ,  opaque nithout rays; or 
b ~ o n n  and banded; nuclear ~ v l i o ~ l s  v l th  minute dense granulations 60 

b.  Long or short, c>lindrie, fu s~ fo ln i ;  ~~rliorls usually flattened; last whorl adnate or 
free;  aperture expanded or reflexed; all specles nl t h ~ s  group almost esclusively 
on limestone 62 

60 a. Small (length, 20-25 mm.) ; usually b ro~rn ,  n i th  or ~vithout prominent dark brown 
bands; nuclear whorls with granulations i n  a zigzag arrangement. 

Bulzrn?~lus exzlis (PI. VI I ,  Fig. 1) 
b. Large (length, 25-30 mm.) ; microscopic granulations on nuclear whorls in a cross- 

hatch or lattice ar la~lgcn~ci i t  6 1 
61 a .  Opaque, white with a bluish cast along apicnl region; aperture white. 

Dryi~inc its laliaceus (Pl.  VI I I ,  Fig.  4)  
b. Often colored; I~andecl or strc:ikcd \\ltli various colols; aperture usually liaving 

a tlngc of coloring Dry.i,iacits ~ i r g u l a t u s  (Pl. V I I I ,  Fig.  3 )  
62 a.  Narrow and elongate, ribbcd, last wl~orl  free rind cspnl~ded obliquely downward 63 

b. Brond elongntc, forming a long or short cone 65 
63 a. Length, 9-13 mni.; surface sutnc~r l~:~t  glossy nit11 I ~ I ~ I I I I ~ ( X  I i h l ~ t s ;  sliture ~illlple. 

Uracl~!jpo(lc lla poi to1 zctc.nsis (Pl.  V I I I ,  Fig.  7)  
b.  Small (length, 7-30 mm.) ; rills ~:itlil>l stout 64 

64 a. Ribs low, but heavier a t  suture Rruc11 rlpotlclla riiscz (Pl.  V I I I ,  Fig. 6 )  
b. Ribs stolit, heavy across whorls; sliell ustiall> \\hitc.r than in the preceding species. 

Rrc~rhypodcl ln pallida (PI. V I I I ,  Fig. 8) 
65 a. Broad arid conical in outline; apical whorls sniooth (length, 15 mm.; width, abont 

5 mm.) ; gr:ly with longitudinal brown streaks; nliorls slightly convex wit11 vertical 
riblets Mncrocera?racts niicrodon (Pl. V I I ,  Fig.  2) 

b. Broad and conic in outline; apical whorls ribbed (length, 7 mm.; width, about 
3 mm.) ; whorls covered wit11 ~viclely spaced growth threads. 

Xicroceramus gvanicanus (Pl.  VI I ,  Fig.  4) 
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66 a. Teeth in aperture 67 
b. Without teeth in aperture 

67 o. Length, about 15 to 20 mm. 
b. Length, about 6 mni.; suture of ~ , h o r l  linctl wit11 crcriulations. 

Gulella bioolor (Pl. V, Fig. 1 1 )  
c. Length, less than G m n ~ .  68 

68 4 .  Surface suiooth; minutc (length, 1.5-2.0 mm.) 69 
b .  Surface minutely and densely pitted (length, 1.5 mm.) 

Botl~?iopupa tenuidens (Pl. 111, Fig. 3)  
6 9  a. Somewhat more robust (length, 2 mm.) ; brown. 

Gastrooopta servilis (Pl. 111, Fig. 5 )  
b .  Shell smaller (length, 1.5 mm.) ; light gray ... Gastrocopta pellucida (Pl. 111, Fig. 6) 

70 a. Surface of shell smooth; shell relatively large (length, 4-5 mm.). 
Pupoides nitidulus (Pl. 111, Fig. 4 )  

b. Surface with minute spiral striae; minute (length, 1.5-2.0 mm.). 
Pupisoma dioscoricola (Pl. 111, Fig. 2 )  

c. Surface pitted-granulose; minute (length, 1.35 mm.). 
Pz~pisoma minus (PI. 111, Fig. 1) 

SUCCINEIDAE 

7 1  a. Large forms (length, about 20 mm.) ;width about equal to length; surface with 
prominent growth striae Platysuccz7zea portoricensis (Pl. VI, Pig. 2)  

b. Medium size (length, about 10 mm.) ; width about one half length; gro~vth striae 
barely visible but not prominent 72 

7 2  a. Robust, white, opaque Szcccinea riisei (Pl. IV, Fig. 3)  
b.  Thin, brownish, transparent 

73 a. Spire long; last whorl more swollen 
b .  S p i ~ e  short; less swollcri Succznea hynlzna (Pl. IV, Fig. 2 )  

SLUGS 
74 Large flat slugs; foot tripartite Vaginulus occidentalis 

FAMILY HELICINIDAE 

Alcudiu striata (Larnarck) 
(Pl. I, Figs. l a ,  b )  

Helicina striata Lamarck, Histoire des animaus sans vert8bres . . . , VI ( 1 8 2 2 )  : 103. 
Alcadia (?) (Striatemoda) s t ~ i a t a  Lamarck, H. R. Balrer, Nautilus, 54 ( 1 9 4 0 )  : 7 1 .  

Subulina octona and A. striata are two of the most common mollnsl~s in  
Puerto Rico. Most authors dealing with striata have suggested that 
A. subfzcsca, named by Menke in 1828,  is only an immature form of A. 
striata. This idea has been expressed by Shuttleworth (1854 :  9 3 ) ,  E. von 
Martens ( 1 8 7 7 :  343) ,  and H. Crosse (1892: 48), but Dall and Simpson 
(1901: 447)  persisted in  recognizing A. subfusca as a distinct species. 
Anton Wagner (1911 : 93)  also considered szibfz~scu to be the immature form 
of A. striala. The name A. striata subfzcscu is applied to the specimens of 
smaller size having a thin and simple lip. Most of the specimens in Puerto 
Rico are of this very common form. The larger shells with the thickened 
peristome (occurring with the smaller specimens having an undeveloped lip) 
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are very rare. I t  appears that in this species the animals may be sexually 
mature before the shell shows the thickened peristome usually associated 
with sexual maturity among land snails. H. B. Baker (1926: 45) stated: 
"However, as all of my specimens approach sexual maturity, it seems prob- 
able that this apparently paedogenetic form has at  least racial significance." 
Life-history studies bearing on this common Alcadia in Puerto Rico should 
be undertaken. I t  may be that the rare larger specimens (true A. striata) are 
the few that survive a second or third year, a t  least beyond the stason when 
the bulk of the population reproduces and dies. 

The ability of A. striata to adapt itself to a wide range of conditions prob- 
ably accounts for its occurrence (Map 2) throughout the island. During 

I 

dry periods specimens were talren usually under leaves and stones, and in 
met periods from low trees and shrubs. Often specimens were along road- 
sides and in places that were eoiisiderably changed by construction projects 
of various kinds. 

Alcadia hja1marson.i (Pfeiffer) 
(Pl. I, Fig. 10) 

IBelicina Hjalmarsoni Pfciffcr, Malak. Bliitt., 3 (1856) : 50. 
Alcadia (I i jalmarsona) Iz ja ln~arso~~i  (l'fciffcr), EI. B. Raker, Natttillts, 54 (1940) : 70. 

1 

This striking shell has a yellowish brown, polished epidermis and a very 
characteristic notch a t  the base of the columella. 

Originally, Hja lmarso~~ gave the locality for the type material as be- 
tween Arecibo and Ponce. I n  the light of more recent collecting it appears 
that such a line drawn across the island wculct mark the eastern limit in 
the range of this species. A. hjalnzarsoni is found mostly in the high, 
wooded mountainous part of the western third of the island (Map 3).  Ad- 

I 

M A P  2. Distribution of Alcadia striata. 
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MAP 3. Uistrihritior~ of L ~ c c ~ d e l l a  tlmbonata (circles) and Alcadia hjalnzarsoni 
(triangles). 

ditional records, which also show its range to be ' ' ~ ' r s t  of Utuado," are given 
by Baker: "Maricao, Montoso, and west of Santa Ana Peak." A record 
of two specimens from a limestone knoll about 2 kilometers south of San 
German indicates that, occasioiially, A. lljalwrurso~li may occur a t  lower alti- 
tudes in less wooded regions, although inost specimens of this rather local 
species were in  the more cllensely forested parts of the western mountain mass. 

;Ileadin al2a (Sowerby) 
(1'1. I, Fig. 3 )  

Helicina alta Sowerby, T1rccn1cr~c.s Conclt!/lior~rtrr, IIT (1,966) : 288, PI. 972,  Figs. 251-52. 
Helicina troclbitli~co Crossc, Joccrn. de  concltyl., 40 (1892) : 49, non  D'Orhigny, Mollttsques 

. . . Ctcba, I ( 1  841) : 240, P1. 20, Figs. 10-1 2. 
Alcatlin (Lcialcadia)  f r o c h ~ ~ T i ~ r ( ~  I)'Orl)ig11~, \Ir:~~llcr, S ! / S ~ C I I L ~ L ~ ~ S C ~ L C S  Conch?/lien Cnhinct, 

I, Abt. 18 (1911) : 71. 

This small, conical, yellow or 1 7 c d  species i n  Purr to  Rico is given the 
name of Helicina trochulina D'Orbigny by Shuttleworth, E. von Martens, 
and Crosse. Baker i11 notes stated that A. alta "has more convex outlines 
than the Cuban Eutrochatella trochulina (Orb.), which has been confused 
with it. It is polished a t  all stages of growth." Anton Wagner (1911 : 71) 
i n  his contribution to the Conckylien-Cabinet placed A. alta (Sowerby) i n  
the synonymy under Alcadia trockulina D'Orbigny. Since little compara- 
tive material is available, I cannot express an  opinion regarding these dis- 
tinctions. The constructive suggestion for a change from the name gener- 
ally used is being accepted. 

A. alta (Map 4 )  is relatively common throughout the island. Sizeable 
series were taken both i n  the limestone outcrops of haystack knolls i n  the 
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1 J 

MAP 4. Distribution of Alcadia alta. 

northern coastal plain, as well as in parts of the higher mountain mass south 
of Cayey and Adjuntas. Additional records are given by Shuttleworth 
(1854 : 93-54), ~vho reported that Blanner collected the form a t  Humacao. 
Rio Blanco, add Luquillo ; H. B. Baker found i t  a t  Palo Seco along the north 
coast, a t  A'lontoso, and "west of Santa Ana pealr" in the southwest. 

Uclicina phasinnclla " Sowerbp"  Pfe i f fer  
(E'l. I, Fig. 4) 

Helicina phasianella Soarerby, i n  Pfeiffer, ,Valak,-. Bliitt., 3 ( 1 8 6 6 )  : 50. 
Relicina phasianella Xowerby Pfeiffer, van Martens, Jahrb. d. dclctschen malak. Gesellsch., 

4 (1877) : 343-44. 
Helicina phasianella Solverby, Dall, and Simpson, L'The Mollusca of Porto Rico," 1901, 

p. 447. 

The peculiarly raised nepionic whorls, the irregular sculptural lines of 
the epidermis, the definitely pitted notch in the umbilical callus, and the 
bright, variable coloration, readily distinguish this species. Shuttleworth 
(1854: 94) reported that H. fasciata Lamarclr was collected by Blauner 
from the region of San Juan and Humacao. Later, E. von Martens (1877: 
34344) reported only H. plzasianella and suggested that Shuttleworth con- 
fused fasciata with phasianelln. 13. Crosse (1892: 4 8 4 9 )  listed, of neces- 
sity, both H. fasciata and phnsianella, and under the latter he suggested that 
they should perhaps be united; in the absence of evidence he left the matter 
open. In notes given to me by H. B. Baker there is the following statement: 
"Hclicinct (s.s.) phasianella 'Sowerby' Pfr.: . . . All stages are more ele- 
vated than H. fasciata Lamarclr, originally described inadequately and often 
quoted as from Pncrto Rico, but fixed by Gray on a species from Guade- 
loupe." With but a limited amount of comparative material available, i t  
seems advisable to accept Balrer's statement, which would definitely establish 
H. phasianella as the species common in Puerto Rico. 
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MAP 5. Distribution o f  Helicinu phusiunelln. 

This species (Map 5) occupies a wide belt across the northern half of the 
island from Humacao (Blauner's record) westward to Aguadilla. Along 
the sonth coast i t  is taken mainly in  the region west of Ponce. Baker has 
given two important records in  addition to those shown on the map:  west 
of Santa  Ana peak (3000 feet elevation) and south of the town of Cabo 
Rojo. I t  has not becn collccted in  the central mountain mass. I n  its range 
H. phasianelln is decidedly a rare species and seldoni are there more than a 
few specimeils a t  a locality. The best series taken was found among the 
limestone, haystack lrnolls of the north coastal plain and along ledges of a 
prominent limestone outclbop on the road from Arecibo to Lares. 

L~~cidc l ln  ~)i?zosn (Shuttleworth) 
(P l .  I ,  Figs. 5a, b )  

Helicina vinosa Shuttleworth, " Diagnosen . . . ," 1854, p. 92. 
Helicina vinosa Shntt lewort l~,  Drill aiid Simpson, "The Molluscs of I'orto Rico," 1901, 

p. 447. 

This very characteristic little species is among the xnost common of the 
small EIelicidae in  the island. AS the fifty-eight localities in Map 6 indicate, 
specimc~ns are common along the north coast, where the form occurs in  a 
broad band across the coastal plain southward well into the foothills. It is 
less common along the south coast, but  there are sufficient records to establish 
i t  definitely there. 1;. vinosa does not occur in the dense rain forest. Some 
of Sl~iuttleworth's original specimens were taken by Blauner in  the vicinity 
of Humacao, so that i t  is probable that this species goes completely around 
the island. The most thriving colonies were in  shaded areas wherever 
dense moist leafmold covered limestone outcrops. 
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MAP 6. Distribution o f  Lucidella vinosa, 

Lucidella umbonata ( Sliuttleworth) 
(Pl. I ,  Fig.  6 )  

Ilelicinn ~cinbonuta S l~u t t l cwor th ,  " l I i : ~ g n o s c ~ ~  . . . ," 1854, p. 93. 
Helicina ?c?~tbonatn S h u t t l e ~ v o r t l ~ ,  Dnll and S i ~ ~ ~ p s o n ,  l '  T l ~ c  Mollusca of Porto Rico,' ' 1901, 

p. 447. 

I11 contrast to L. vinosa, L. umbonata is a relatively local species in this 
island. I t  inhabits dry limestone outcrops of a narrow belt in the coastal 
plain of the north and south (Map 3 ) .  Along the north coast, i t  seems to 
range somewhat farther east, and there i t  was collected among the haystack 
knolls in the vicinity of Vega Alta and Manati. H. B. Baker has kindly 
given additional records which add the region of Guanica and the region 
just south of the town of Cabo Rojo to the stations already mentioned. 
Stout, white epidermal hairs have been seen on an immature specimen. This 
observation has also been indicated in correspondence by Baker, who stated 
that though these hairs are more common among young specimens, adults 
may occasionally retain them. 

Fadycnia portoricensis (Pfeiffer) 
(PI. I, Fig. 7 )  

Stonslo~llu porloriccnse Pfciffcr, Mulal;. Iglr~tt., 3 (1856) : 51. 
Storlsto?nrs portoricrnsc I ' f c i f f c r ,  Csosscs, cIorcrn, rlc conclt?jl., 40 (1892) : 40. 

The type specimens were collected by Hjalmarsoii from a plantation ncnr 
Manati. Thc nineteen locality records (Map 7)  obtained in addition to 
thosc given by Baker show that this species is confined largely to t,he western 
part of the island. I t  occupies a broad belt across the coastal plain and 
foothills of the north part of the island, extending from the region of the 
caves at  Aguas Buenas westward. In  the southwest i t  is less common and 
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appears to be restricted to foothills and plains west of Ponce. Baker in 
notcs sublnitted added "west of Sailla Ails Peak" to the so111 li~vesteril sta- 
tions given. IIe also stated that it did not scerri to be a marked cdlcipliile in 
Puerto Rico and that he found it a t  an elevation of 3000 l'eet. 

H. Crosse (1892: 46) claiined that the finding of the genus Stoastonza 
(meaning F'atlycnla) in Puerto Rico by Jnstns Hjalmarson mas an important 
discovery fro111 a zoogcograpliical point of V I ( ~ \ T ,  smce tlie occurrence of the 
alli~llirl ill both Santo Domingo and Puerto ltico "unites encli of the two 
fann;~s nltll that of ,Jama~c.a, m7licl.e i~ found the ccnter of its tlevrlopiuent 
I-- 

- - - I 

MAP. 7 .  Distr ibut ion of Fadyen ia  portoricensis. 

and, so to speak, the metropolis of this sinall and curious genus." H. 
B. Baker (1934: 13-14), after studying tlie radulae, limited Stoastoma 
(Vianinae) to the typical species and included the other seven under 
Padyenia,  which is closely related to Lucidella and Cer.atodiscus. The 
statement by Crosse regarding the possible zoogeographical significance of 
this group is not altered by these taxonomic changes. 

Ceratodiscz~s portoricanus Pilahry and Vanatta 
(Pi. I ,  Figs.  Sa, b,  c )  

Ccratodiscus portorica?~us I'ilsbry and Vannttn, Pro(.. A c ~ d .  S u t .  Sci. I 'h~ln. ,  LXXIX 
(1927) : 21-22. 

Fresh specimens of this species (Pl. I, Fig. 8c) usually have soil attached 
to the shell, giving the whorls a bicarinate appearance. The species was 
most common (Map 8) in the western half of the island. Pilsbry and 
Vanatta (1927: 21-22) originally described it from a specimen taken from 
"the summit of Montoso, 2624 ft., Division of Mayaguez." I t  appeared to 
be in the foothills and higher parts of the western half of the island, although 
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H. R. Baker forilrd i t  a t  sea level near thc montl~ of' 130 G~~iiji~tucv~. A 
record established at  Corozal iridicates t t ~ i ~ t  it n ~ a y  range eo~~sitlclr;~bly 
Sa~ther  eastward along the n o ~ t l l  coast than it does ill tllc souill. Unlrcr 
reported that its habits ; ~ n d  habitats seeriled very sinlilai. to  those of 
Fndyenia, to which it is fairly closely related. 

I t 

MAP 8. Distribution of Ceratodiscus portoricanzrs. 

Stoastomops p~certor.icnna H .  B. Baker 
(1'1. I, Fig. 9) 

Stouslomops (s.s.) ptre~toricana XI. B. Baker, Notz~lae Nut., 88 (1941) : 1, Fig. 1. 

The specimens figured are from the type lot and were kindly given for 
illustration by Baker. In  addition to the original description axid a figure 
of the type he (1941 : 1) gave the following information: 

On limestone rock-faces, often under edges, near base of cliffs a t  head of valley 
behind Cerro Capron (PS2),  east of entrance to  Guanica Harbor ;  frequent. Type lot  
177655 A.N.S.P. The type i s  a fairly large example (sex undetermined) of the greenish 
yellow color-form, which is  more common than the reddish one. 

Stoastomops boriquerci H .  B. Balcer 
(Pl.  I, Fig. 10) 

Stoaston~ops (Swiftella) horiqueili H. B. Balter, Notulae Nat., 88 (1941) : 1, Figs. 2-3. 

In the summer of 1939 this species was discovered by Baker in south- 
western Puerto Rico. I n  addition to an accurate description and figure he 
(1941 : 2) gave the following data : 

Common, nndnr, or wc~nkly cli~nbing on lilllestone rock-faces, 2 miles southcnst of 
Escuela Manuel Corchada, in Los Pefiones (WSl ) ,  south of Cabo Rojo (town). Type lot 
177656, A.N.S.P. Tho typo is u feni:rlu of the greenish yellow color form;  the nialcs 
average smaller; both sexrs also have tho reddish form. 
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This specir>s and thc prececling one are closely related to Sloastoma; they 
rel?resent the only Viui~ine species known from Puerto Rico. 

Anzphic~jclotulus portoricensis 0. Biittger 
C?/clotcrs portoricens~e Rottgcr, Jalit 1). (7. dc~ltschen ?nala7c. Gesellsck., 14 (1887) : 101-2, 

PI. 4, Fig. 7. 
A ~ t i ~ ~ l i ~ c i ~ c l o t ~ ~ l ~ e s  ( iZ?) i~~l i tet~cl11ttc11i~~j  ~~oi to i iccns1.~  ( I l o t t g e ~ )  Bartsch, 17. S. hrat. Mus. 

Bull., 181 (1942) : 59, 1'1. 11, Fig? 1:)-21. 

Seven specimens were given to Oskar Biittger by Otto Goldfuss. They 
were described as "Cyclotns Portoricensis n.sp. (Taf.  4, Fig. 7 a-c)." 
Along with the description (Bottger, 1887: 101) the locality data are given 
as follows: "Hab. Rio blanco in der Sierra de Caduros auf Puertorico." 
Evitlently, the only specimens known are those described by Bottger. More 

collectors have llot reported i t  froni this island. 

Megalo~nastoma croccum (Gmelin) 
(PI. 11, Figs. l a ,  h )  

Helix crooea Gmelin, Systcma na t i i r a~ ,  1792, p. 3655 ; Martini  and Chemnitz, Systema- 
tiscl~cs Cofichylicn Cabinct, I) (1786) : PI. 135, Fig. 1233. 

Bfcgaloniustotricl cylintdr.occ.ectit So\vcrhy, Cot~cl~ologiu Iconica, XX (1878) : P1. S, Fig. 91. 
Jlc(~ctbojr~nsto?na crocetr?ii. Oll~clin, 1 ) ; ~ I l  and  Silnpson, "Thc Mollusca of F'orfo Iiico," 1901, 

1). 434. 
AlcgnZo,rnc~sto~tna hjalr~inrso?~i Pfeiffcr, Malali. Eliilt., S X I I  (1875) : 119. 
illcgalo~ittasto~iiu lijal?i~nrsorii I'fciffrr, Ilall mltl Sin~ l~son ,  "The Mollusea of Porto Rico," 

Inol ,  1). 434. 
Fnrci,itten (Neoplcp,iraa) I~jalrnnrso?~i (Pfciffcr) ,  Il:rrtscl~, Bii7l. U .  S. hTat. dfl~s., 181 

(1942) : 45. 
Afcgalortic~,slo~tta c~occteni. cicrtirni T):111 and Simpson, " The Mollusca of Porto Rieo," 1901, 

p. 434, PI. 53, Fig. 2. 
Parcimen (Neopupina) c e r ~ t ~ t n ~  (Dnll and Simpson), Rartsch, 77. S. F a t .  Mus. Bull., 181 

(1842) : 44. 
Farcinaen (Neopzcpina) crocrum (Grnclin) R:lrtsc11, 77. S.  A-at. Nus. Hull., 181 (1940) : 45. 
Mcgalomastoma croceum (Gmelin) H. B. Baker, Nautilus, 56 (1943) : 106-7. 
;2legalo?naston1a crocetcna (Grnelin) 13artsch, Na~itilus, 57 (1943) : 30. 

Among the larger operculate land snails, this animal is one of the most 
common and widely distributed (Map 9) .  I t  ranges from the low, dry 
coastal plain regions through the foothills into the high, wet, densely 
forested parts of the central mountain mass. Large series are found in  the 
soil of the coffee plantations, where this snail finds what appears to be one 
of its best habitats. During the d r y  seasons i t  burrows deep into the soil, 
resuming activity among the leaves and decaying vegetation whenever 
they are sufficiently moist. 

There is a n  interesting variation in  the size of specimens from various 



MOLLUSKS OF PUERTO RICO 27 

parts of the island. This observation was made many years ago by E. von 
Martens (1877: 34142), who gave essentially all of tlic import,ant data. 
More recent observers have added additional proof. He stated that there 
was considerable difference in the size of specimens from the northern 
coastal region of Vega Baja (30-38 mm.) as compared with smaller indi- 
viduals collected near Mayaguez (17.5-22 mm.) and the unusually stunted 
forms taken in the mountainous interior near Las Marias (15-20 nun.). He 
also found that as the specimens became smaller they had fewer whorls, 
and these diminutive specimens in an  apparent flared (thickened lip) adult 
stage retained a more highly developed periostracal sculpture. The stunted 
forms were described as ill. hjalmarsoni, a new species, by L. Pfeiffer, but 
von Martens stated that he doubted the validity of this species. 
I I 

MAP 9. Distributioii of Megaloinastonia croceum. 

The specimens recently gathered at  various localities in Puerto Rico have 
been grouped into four series based on elevation. The altitudes chosen are 
arbitrary and because of the nature of the variation one would get somewhat 
the same results regardless of whether fewer or larger intervals in altitude 
were selected. The stunting of individuals a t  higher elevations is clearly 
shown in Table I. One could use a simple length measurement, or, as has 
been done in the table, an index figure for obesity, which is the length of a 
specimen divided by its greatest width. This procedure has the advantage 
of incorporating two dimensions. One should bear in mind, however, that 
the results show in an inverse way, that is, the larger specimens have a lower 
index figure and the stunted specimens have a higher one (Table I).  I t  is 
clear from the measurements that there is a direct correlation between the 
average size of the M. crocctiriL specimens taken in Puerto Rico and the 
elevations at  whicli they were i'oii~ltl (Fig. 1 ) .  Also, there is a large overlap 
in each group, so that as one travels from the lowest altitude to the highest 
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I'I:RCENT IOE I)IS~I,RIRTITION FOR COLLECTION s OF AT( ~ ~ ( ~ l o r n a s 1 o i t ~ ( ~  C T O C C I ~ I T I .  

Made in I'rlcrto R~co  and :rllornted rongl~ly : ~ c ~ c o ~  ding to clcvationti. 
- .- .- 

Obesity 
in 

L'cr Cent 
500'-1499' 1500'- Totals 

Totals 

n1a11y intergradilig sp~cimens are talien. For  the ti~rle being, i t  is necessary 
to stress that although there is a correlation in these snails between sizc and 
altitude, the factors responsible for tlrc variation are still unknown. One 
reason for ci~lling attention to this trc.nc1 in diversity is to give a better 
evah~ation of the I I R ~ ~ C S  M. h jaln~nrsoni Pfeiffer (1875) arrd M. cztrt~tnz Dall 
aiicl Simpso11 (1901) applir(l to the extremely st11ntc.d forms of this specics. 
Conceivably, there may be an advantage in  recognizing the stunted forms 

PERCENTAGE DISTRIBUTION BASED ON NUMBER o r  WIIOHLS I N  SPECIMEXS OF M e g a l o ~ ~ ~ n s  
tomn crocewm FROM PUERTO RICO AI>LOC~T~'D ACCORDING TO ELEVATIONS 

~1ln lber  / 0-49' I SOrdggr 1 
Wl~orls* 500'-1499' 1500'- Totals 

- - - -- - - - 

Totals 1 248 1 9 9 9  1 424 

* Plxcl~sive of nuclear or  nrpionic whorls, wliicah when vrese~it  add 1.5 to 2 whorls 
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by applying a special name, and for obvious reusoils sonie evaluation of the 
taxonomic status of such a name is necessary. 

I n  addition to the stunting or reduction in size, von Martens called at- 
tention to a reduction i11 the number of whorls among specimens talren "in 
the interior near Las Marias." I n  order to get a more accu~ate  measure of 
this reduction a count was inade of about a thousand specimens from the 
various elevations. The results are tabulated in  Table PI. Although it  is 
true that selected series from the higher elevations have fewer whorls, the 
difference, as shown in Table 11, is variable, with an actual recluction in 
larger series of less than a complete whorl. Since in  l~laiiy specimens the 
nepionic or nuclear whorls are broken, the early whorls are excluded from 
the whorl counts. If they arc included, the average number of whorls for 
the bulk of the population is eight rather thall six. 

Recently, H. B. Balrer (1943 : 106-7) published his observations regard- 
ing iMegalomastoma in  Puerto Rico. IIis opinions agree essentially with 
those given here. Neither Baker's co~~clnsions nor mine substantiate the 
claims of Bartsch (Torre, Bartsch, and Morrison, 1942; or Bartsch, 1943), 
wlio divided tlie graded variants of llleyalontasfonza cl-ocezou of this island 
into three species ( M .  crocezlm, hjnlmnrsoni, and czirtzrn~). 

Megalowzastoma vel-rucztlosu"~~~ Shuttleworth 
(Pl. 11, Fig. 2 )  

Cyclostoma (Xegalomas toma)  verruculosunz Shuttleworth, "Diae;nosen . . . , " 1854, p. 90. 
Megatonamton~a verruculosum Shuttleworth, Dall and Simpson, "The lfollusca of Porto 

Rico," 1901, p. 434. 
Megalomastoma (iKegalomastomoides) verruculosum (Sl inl t le~vorth)  Bartsch, U .  S. Nut.  

N u s .  B~ill., 181 (1942) : 51. 

This species is apparently local. According to the recorcls available, i t  
occurs only a t  higher elevatioizs in the Luquillo Xange of the eastern par t  of 
Puerto Rico. I t  was originally described by Shuttleworth (1854: 90) from 
Sierra de Luquillo, where Blauner found it  on trunks and decaying leaves 
of banana trees. E. voll Martens (1891: 131) reported that Sintenis col- 
lected it  from the same ralijic a t  "Ilynlenie, Y~ulque." 11. B. Balrer, as re- 
cordetl i n  his notes, fouilti i t  a t  El Yunqne aloup Rio ILZinas and Big Tree 
trails below thc rcst;inrant where it  occurre~l "in fresh dirt ,  a r o ~ m d  rock 
bases 011 steep slopes, around 2500 feet. The one living Illale was smaller 
than most of tlie dead shells.'' 

FAMILY PORtATIASIDAE 

A t  present there are two genera i n  Puerto Rico allocated to the family 
Pomatiasidae, subfamily Chondropominae. Without recourse to anatomical 
dissection, these genera can be separated froin o11r another by the character- 
istic structure of the operculum. On the basis of this criterion the snails 
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of tllesc groups in Puerto Itico belong to the genus Licitla if thcre are proitii- 
nent, raised spiral ridges on the operculum; if the operculum lacks such 
spiral ridges the shells belong in the genus Ci~onilropoma. 

Licina decussata (Lamarck) 
(Pl. 11, Fig. 3 )  

Cyclostoma decussata Lamarck, Histoi le  des anznmux sans rert2bres . . . , VI (1882) : 147. 
Choanopoma decussatum (Pfeiffer), Dall and Simpson, "The Mollusca of Porto Rico," 

1901, p. 435. 

This is the most common Licina in Puerto Rico. I t  appears to be mainly 
distributed in the northeastern part of the island (Map l o ) ,  although there 

I I 

h I a ~  10. Distribution of L i c i ~ ~ a  decltssata (circles) and Licina aguadillensis (triangles). 

are isolated colonies along the southwestern coastal plain from Ponce toward 
Lajas. For some of the variations of the forms that develop in drier regions 
of the southwest, there are possibly ecological form distinctions. The rela- 
tive taxonomic value of these forms or varieties is a subject worthy of fnr- 
they investigatioa. Apparently, Shuttleworth's C. senticosum belongs in 
this category. H. B. Baker in notes on his observations stated: "This 
seems to be little inore than an ecological form, developed in more calcareous 
liabitats; it intergrades completely with the typical form." 

Licinn ag~cnd i l l e~~s i s  (Pfeiffer) 
(1'1. 11, Fig. 4 )  

Cistltla agr/.ltadillcn.\is Pfciffer, MalaL. Blf l f t . ,  20:  (1875) 207. 
Cistzila ag?~adillensrs Pfciffer, Dnll and Si~npson, ((Tlie Mollusca of Porto Rico," 1901, 

p. 435. 

As implied in the name, this species is most common in the region of 
Aguadilla in the northwestern corner of the island (Map 10). In addition 
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to the records for the northeast there are several for the southwestern region. 
I11 his notes, Baker gave varieties of it a t  several stations there: 

Los Peiiones; dry brush on limestone capped hills near quarry, about 2 miles south- 
west of Escuela Manuel Corchado and south of Cabo Rojo. Cerro Capron, Guanica, 
semi-desert limestone hills east of entrance to Guanica harbor. 

Licina gramimosa H .  B. Baker 
(Pl.  11, Fig.  5 )  

Licina (Choanopomops) granlinosa H. B. Baker, Notulae Nat., 88 (1941) : 2, Fig.  4. 

A description and figure of this species was recently published by Baker 
(1941~: 2).  I n  discussing its habitat he stated: 

Quite common in soil under edges of bunch-grass on semi.desert limestone hills along 
south coast near Tallabon ( P S I ) .  . . . . I n  similar limestone hills near Guanica (PS2) ,  
L. graminosa (averaging smaller) was found under sunken rocks in  the soil of valley 
flats. . . . . L. decussata and the slenderer and more finely ribbed L. aguadillensk 
(Pfr . ) ,  both of which were represented by roughly sculptured varieties a few yards away, 
seemed to  prefer the talus slopes and ledges. 

Chofidropoma riisei (Pfeiffer) 
(Fig.  1; P1. 11, Fig.  6) 

Cistula riisei Pfeiffer Monographia pneumonopomorum viwentium, 1852, p. 417, 6a. 
Cyclostoma (Chondropoma?) newtoni Shuttleworth, "Diagnosen . . . ," 1854, p. 92. 
Chondropoma terebra Pfeiffer, Malalc. Blatt., V I I I  (1861) : 74, P1. 11, Figs. P 6 .  
Chondropoma terebra Pfeiffer, Dall and Simpson, "The Mollusca of Porto Rico," 1901, 

p. 435. 
Chondropoma newtoni Shuttleworth, Dall and Simpson, "The Mollusca of Porto Rico," 

1901, p. 435. 
Chondroponta riisei (Pfeiffer) H. B. Baker, Notulae Nat., 88 (1941) : 4. 
Chrondropoma riisei newtoni (Shuttle\~orth),  R. B. Baker, Notulae Nat., 88 (1941) : 4 

(+ C. terebra Pfeiffer ( 8 ) ) .  

Two other species are included under this form. A inore careful study 
of this group may produce a better evaluation of the significance of the 
names C. ltewtoni (Shuttleworth) and C ,  terebra (Pfeiffer), both of which 
evidently belong in this assemblage. There is a decided sexual dimorphism 
among these animals, as well as a wide variation in  the sculpture and color 
patt,erns of the shells (Figs. 2a and b ) .  I n  notes submitted by H. B. Balrer 
the following arrangement is suggested : 

C. newtoni, with C. terebra as  a synonym, is considered a form of C. riisei. Shuttle- 
worth's description of C. newtoni appears to be tha t  of a truncated female shell, while 
Pfeiffer 's  figure and description of C. terebra, which is tentatively considered a synonym, 
fit entire males. 

There is a very characteristic distribution pattern for this species with 
a range occupying a broad band across the northern half of the island (Map 
11). I t  is most common among the limestone outcrops of small haystack 
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lrt~ol Is t ~ c t  \\-ecxn 3Iana t i and Srin .Tnnn,  I IU t sizclahle colonies mere collected 
m t  s o ~ n c ~ v h n t  ~ ~ i d e l y  scattered locations, such as Gnrabo on the east west- 
wart1 to  Utnatlo and San Sebastinn. 

1*'1(:. 2.  C'olor 1, :1t t~r11 ~ ; i ~ i f i t i o ~ l  i l l  ( ' I I O V (  r ~ p ~ ~ r t o  r i i .9~; .  il111str:iting a trc11~1 from 
c o l o r l t ~ g  t l ~ r o i l ~ l i  vt.rticnl (0) a n d  hor i7ontnl  (7 ) )  lbnnding. 

f!/closto7nn (r'l lo,r(?ro1>0~?10) h1ntrnrt.i S l ~ r ~ t t l ~ ~ n . o ~ . t l ~ ,  ' 'Dingnosell. . . ," 1854,  p. 91 .  
Cl ion( l ropo , r~ t r ,  blor~rrr.ri Shut t l ewor t l~ ,  1 ):\I1 : I  rlcl S i ~ l ~ p q n n ,  ' ' The Jfnllusca of Porto Rico, ' ' 

1901, p. 43.5. 
C?tonclropr,n~/r h1nrotr.r i (S111ttf I t ~ n . o ~ . t l ~ )  T I .  1:. T%:il:rl., S o t ? r l n ~  Snt., 8q ( 1 9 4 1 )  : 4 .  
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The dozen lots of C. blaz~nem' represent a closely intergrading series. 
They (Map 11) have a well-defined range in the south-central part of the 
islaild, with records of Shuttleworth and Baker indicating that the range 
extends eastward to Huinacao. Ecologically, these animals appear to be 
adapted to an environment wit11 fewer exposures of limestone than was ob- 
served for C. ~ i i se i .  Apparently, C ,  blazcneri has crossed the mouiltain 
range in the region of Cayey and has entered the valley of the north flow- 
ing Rio de la Plata. This extension of its range is probably not unusual 
for a species belonging to a group known to be decidedly restricted to lime- 

L I 

MAP 11. Distrit~ution of CJ~ond~opo~na  ~iisez. (circles) and Chondropoma b l a u a e ~ i  
(triangles). 

stone exposures. Hill (1899) has poiiitecl out that near Cayey a "black 
bituininous shaly limestone" is jncluded in the inain mountain mass of 
volcanic rocks, a condition which may partly account for the present distri- 
bution pattern of this species. 

Chon~lropoma co+~septzi??z (von Martens) 
(Pl .  11, Fig. 8) 

Cistzrla consepta von Martens, A r ~ n .  S. Y. Acad. Srz., 2 (1882) : 371. 
Cistula c o ~ s e p t a  von Martens, Jahrb.  d. deutscl~. ntnluk. Gescllscl~., 10 (1883) : 84. 

The following translation is from the Latin description given by von 
Martens (1883 : 84) : 

Shell ovate-conical, umbilicate, closely finely and unevenly lamellate, pale brown, 
covered with several red figures: whorls 7, the first two smooth, the following increasing 
regularly, convex, with a deep suture, fenced off into small enclosures on both sides by the 
white prolongations of the lamellae; last ;i of final whorl separated and descending 
obliquely; aperture reflected, almost ovate; peristome double, the outer surface subun- 
dulate and broadly expanded, spotted with red, the inside distinctly expanded. Oper- 
cultun pauci-spiral, obliquely radially striate. 
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Length, 23 ; diameter, 189; aperture length including the external peristonle 6, 
width 5 4 ;  excluding external peristome 4 and 24 mm. 

This species is not mentioned by Dall and Simpson (1901) nor by Crosse 
(1892), who gave us the first comprehensive list of the species in Puerto 
Rico. The fortunate rediscovery of i t  in the region of Aguas Buenas per- 
mits further comparisons with related forms. The operculum structurally 
indicates that the species belongs in Chondropoma and not with the Licina 
group. Distributionally, i t  is possible that this species may be restricted to 
the cave region southwest of Aguas Buenas, and i t  is perhaps because of its 
restricted range that i t  has not, been collected since the initial discovery of i t  
by R. Swift many years ago. 

C. conseptum is closely related to C. tortolense, and i t  may be only a form 
or subspecies of it. A careful study of both species is necessary before their 
relationships can be established. Both species appear to have a number of 
characters in common, and the main distinction appears to be in the greater 
separation of the last whorl in C. conseptum, although this may not in itself 
constitute a significant difference. From the following species, C. con- 
septum seems to differ mainly in sculptural differences, larger size, and more 
disjunct last whorl. 

CJzondropoma yu f iq z~e i  H. B. Baker 
(Pl. 11, Fig. 9 )  

Chondroprna (Chondropomo~us)  yunquei H .  B. Baker, Notulae Nat., 88 (1941)  : 3, 
Fig. 8. 

This species was reported by Baker (1941~: 3) from E l  Yunque, where i t  
was found to be "subarboreal, roosting in folded bases of palm-leaflets, be- 
tween waterfalls above road (kilometer 9.8) between Restaurant E l  Yunque 
and Mameyes (ER2) ; elevation about 2500 f t . ;  infrequent.'' 

Chof idropoma swif t i  (Shuttlewortli) 
(Pl.  11, Fig. 1 0 )  

C?jclostoma (Chondropoma) swi f t i i  Shuttleworth, L'Dingnosen. . . ," 1854, p.  91. 
Chondropoma s w i f t i  Shuttleworth, Dall and Simpson, "The Mollusca of Porto Rico," 

1901, p. 435. 

Specimens of this species were collecteci receiitlp by Baker mainly in  the 
region of Ponce, Tdlilboa, arid Guiliiica. Froni his data the species appears 
limitctl to the sontlicrn coastal lirncstonc west of Ponce. 

Vero~zicclla kraussii (FErussnc) * 
?17aginz~lus kralcssii Fbrussac and Deshayes, Hisloire naturelle. . . des mollzcsqnes, I1 

(1833) : 9Gy, PI. VIII, D, 7, 8. 

a Where a spccies is listed without comment it is  assumed that  there is  a possibility of 
i t s  occurrence in Puerto Rico, but i ts  presence there could not be verified. 
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Peronicella (Leidyula) kraussii (Fdrussac) B 11. 13. Bakcr, Proc. Acad. Nut. Sci. Phila., 
77 (1925) : 171-74. 

Veronicella kraussii (F6russac), 11. B. Baker, Na?itilus, 42 (1928) : 46. 
Peronicella kruussii (FQrussac), H. 13. Baker, Nautilzcs, 48 (1935) : 88. 

Vag.inu1u.s occidentalis (Guilding) 
Onohidiu,?n occidentale Guilding, Trans. Lknn. Soc., XIV (1825) : 322, P1. 31, Figs. 8-12. 
Peronicella occidentalis Guilding, Dall and Simpson, "The Mollusca of Porto Rico," 

1901, p. 372. 

Vaginulus  plebeius (Fischer) 
Paginulus plebeizrs Fischer, Journ. de concll?/l., 16 (1868) : 145. 
Vaginulus (Surminula) plebeius (Fischer), H .  B. Baker, Nautilus, 44 (1901) : 134-36. 

FAMILY PUPILLIDAE 

Pupisoma miwus Pilsbry 
(Pl. 111, Fig. 1) 

Pupiso~na minus Pilsbry, Manual o f  Conchology, 26 (1920) : 40-41, P1. 4, Figs. 9, 11. 

Previously, P. mintis has not been reported'from Puerto Rico, where it 
appears to be well established. This species is reported from several locali- 
ties in Florida. Pilsbry (1920-21: 41) has a record (two specimens) of it 
from Chama, Guatemala, and two records (four specimens) froin Jamaica. 
Twenty-two lots were taken in Puerto Rico. Large series were in the vicia- 
ity of the prominent limestone outcrops along the northern coastal plain. 
Apparently, P. minzis (Map 12) is most common in the small knolls in the 
vicinity of Manati, Ciales, Corozal, and Vega Baja. Along the southern 
coastal plain it was found particularly in the southwest on the mountain 
slope to a considerable height in the region approaching Adjuntas. I t  was 
not observed along the main ridge of the Cordillera Central. 

I I 

MAP 12. Distribution of Pupisoma minus. 
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P u p i s o m a  dioscoricola  ( C .  B. Adams) 
(Pl. 111, Fig. 2)  

Helix dioscoricola C. B. Adams, Proc. Boston Soo. Nat. Hist., I1 (1845) : 16. 
Zonites dioscoricola Tryon, Ma7zual of Conclhology, 2 (1886) : 74, PI. 53, Figs. 46, 47. 
Thysanophora dioscop.icola C. B. Adams, Dall and Simpson, "The Mollusca of Porto 

Rico," 1901, p. 371. 
Pz~pisoma dioscoricola (C. B. Adams) Pilsbry, Manual of Conchology, 26 (1920) : 36-39. 

This is one of the most prevalent of the small species in  Puerto Rico. It 
is invariably associated with Thysanophora  plagioptycha, inhabiting a 
broad band across the northern coastal plain and a par t  of the coastal plain 
and foothills of the southwestern par t  of the island (Map 13). Apparently, 

MAP 13. Distribution of Pupisoma dioscoricola. 

but few records establish i t  as cominon to Puerto Rico. Pilsbry cited (1920- 
21 : 36-37) many localities: from Florida to Yucatan, Costa Rica, and the 
Canal Zone southeast to Brazil ; eastward through Jamaica, Haiti, and Santo 
Domingo. The whole range is very broken, iiidicating a definite need for  
careful search throughout the intervening regions. Although few details 
about its specific ecological demands are  available from the work done in 
Puerto Rico, several authors have reported that  this species lives normally 
on leaves of trees. 

Ver t igo  I/r:x;odon C. R. A ~ R I ~ S  
I 'upu krxodo?~ C. R. Adnnls, C O ~ L ~ I . L ~ I ( ~ L O I I S  to Co~~cl~olog!~, 1840, y. 37, 
Vcrligo lltxotlo?a 1):~11 n ~ l d  Sinipso~l, "'1'11e Mollusca of Porto Rieo," 1901, p. 372. 
Vcp.lego !ovcrfcc Say, P~lul)ry, dlatrric~l of Concltology, 25 (1!)1!)) : 86-87. 

Origin:~lly, V. llexorlon was described by C. A. Adnms (1849: 37) as 
from Jamaica. When Sl~uttlewortli (1854: 53) gave liis account of the 
tnollusks collected by  Blauner in  Puerto Rico he reported this animal from 
tlie r c ~ i o n  of Knmacao, whcre i t  was fotuld rarely under leaves and in moss. 
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I n  his report of the land and fresh-water shells of Puerto Rico, E. von 
Martens (1877: 356) listed i t  among the species taken by Blauner, but pre- 
ceded i t  with a question mark as belonging possibly with Basfrocopta pellu- 
cida. Dall and Simpson (1901: 372) merely listed it and gave no opinion 
regarding its status. Pilsbry (1918-20 : 86-87) in mo~iographing the genus 
Ver t igo  considered hexodon among forms provisionally referred to V.  ovata. 
In  discussing hexodon he stated (1918-20: 87) : 

Three specimens f rom Humacao, Porto Rico (pl. 13, fig. 16),  similar to  P. ovata  in 
color and surface, are small, length 1.7, diam. 1.15 mm., with 43 whorls. There are weak 
infrapr~latal  nodules in two of them, all having a suprapalatal. None has an  in- 
fmparietal  lamella. Possibly this and the preccdiiig forms are  separable as  subspecies, 
but tho material scen is  insufficient for  a decision. 

Whether V. hexodon or V .  ova fu  is in Puerto Rico remains an open question. 
A careful search along the east shore of the island might be profitable. I t  
is interesting that Pilsbry (1933: 161) reported Ver t igo  m i l i u m  (Gould) in 
beach drift  a t  Monte Cristi on the neighboring islantl of Santo Donlingo. 

Pupoides ~zitidulus (Pfeiffer) 
(Pl. SIT, Fig. 4) 

Bul imus  nitidultts Pfeiffcr, TViegn~unn ' s  A r c l ~ i v  f .  Natztrg., I (1839) : 352. 
Pupoides marginattts (Say),  Dall and Simpson, " The Mollusca of Porto Rico, " 1901, 

p. 372. 
Pupoides marginuttbs nitidlrlus (Pfeiffer) Pilshry, Mailual of Coackology, 26 (1921) : 

113-14. 

Shuttleworth (1854: 137) and Crosse (1892 : 22) both assumed that this 
species was specifically distinct from what has been known as P. marginatus  
(Say). Dall and Simpson (1901 : 372) pointed out that the description and 
the figure given for i t  clearly indicated that P. ni t idu lus  is a synonym for 
I 

- --- - 
I 

MAP 14. Distribution of I'zipoides nitidullts. 



MOLLUSKS OF PUERTO RICO 39 

P, w~arginutlcs. Since Say's name is preoccupic:d, Pfeiffer's name will be 
applied to this species. 

P, nitidulus in Puerto Rico appears to be confined to the coastal regions 
of the island (Map 14). Blauner's specimens were collected near Fajardo 
along the northwestern coast of the island. The present distribution pattern 
of P. nitidulus suggests that it was probably introduced into the island at  
least in three distinct and widely separated regions : Ponce, Quebradillas, 
and Fajardo. 

B o t h r i o p u p a  tevtuidevts (C. B. Adams) 
(Pl. 111, Fig. 3) 

Pupa tenuidens C. B. Adams, Pvoc. Boston Soc. Nat. Hist., 1845, p. 15. 
Bothviopzrpa tenuidens (C. B. Adams), Pilsbry, Manual of Conchology, 2 4  (1917)  : 229-30. 

Members of this genus are readily recognized by the characteristic fine 
granulose or densely pitted surface of the shell, as is shown in the figure of 
a specimen collected in Puerto Rico. Previously, this species was not re- 
ported from this island. According to Pilsbry (1916-18: 229), there are 
records from Jamaica, Cuba, and Venezuela. Consequently, its occurrence 
i11 Puerto Rico is not surprising. B. tenuidens (Map 15)  appears to be 

MAP 15. Distribution of Bothriopupa tenuidens. 

restricted to the limest one knolls and outcrops of the northern coastal plain 
and to similar limestone regions of the southern coastal plain. Although 
rn~icli lcss abundant, the  distribution pattern is somewhat similar to that of 
Gnstrocopta seruilis. Available records indicate that B, tenuidens is absent 
from the main ridge oL the Cordillera Central as well as from the eastern 
part of the island. 

Ecologically, there is opportunity for study of the habitat requirements 
of this small species. The series taken were found near rather dry and 
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porous limestone exposures characteristic of the haystack knolls along the 
northern coastal plain. The material taken was largely aestivating in the 
soil, but the animals, when active, are report,ed to be on leaves. 

Gastrocopta servilis (Gould)  
(Pl.  111, Fig. 5 )  

Pupa servilis Cfould, Boston Joz~rn.  Nut .  Hist., 4 (1843) : 356, P1. 16, Fig. 4. 
Pupa riisei Pfeiffer, Zeitscl~r. f .  Malak., 1852, p. 151. 
Qastrocopto servilis (Gould) Pilsbry, Manual o f  Conchology, 24 (1916) : 70-74. 
Gastrocopta servilis riisei (Pfeiffer), Pilsbry, Manual o f  Conchology, 24 (1916) : 74-75. 

R. J. Shuttleworth (1854: 144) in his list of Puerto Rican shells included 
this species and indicated that i t  had a wide distribution in the Antilles. 
E. von Martens (1877: 356), who reported on the collections made by 
Gtundlacli and Krug, did not list Cf. servilis, but added i t  on the strength of 
Shuttleworth's paper in which Fajardo, Ceiba, and Humacao are given as 
eastern records. Pilsbry (1916-18 : 70-75) stated : 

One of the commonest Antillean specics. I t  mas well described by Gould, but sub- 
sequently was for  n long time merged into a group of forrns known collectively a s  Pupa 
pellucida. Dr. Pfeiffer seems t o  havc initiated this lumping, in which he was followed 
by Binney and many other authors. I t  is certainly related to  P. pellucida, but differs by 
being constantly larger and generally of darker color. 

It is possibly because of this merging of G. servilis with G. pellucida that 
Dall and Simpson (1901: 372) did not list G. servilis, although they did 
report G. pellucida in Puerto Rico. 

G. servilis (Map 16) was common in Puerto Rico and was confined largely 
to the lowlands of the north and south coastal plains. Usually, G. servilis 
and G. pellucida were together in those rich limestone regions. However, 
the map showing the distribution of these species indicates that G. servilis 

I I 

MAP 16. Distribution of Gastrocopta servilis. 
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has a considerably wider range southward across the northern half of the 
island. The absence of any Gastrocopta in the main mountain mass of 
Puerto Rico is especially noteworthy. 

Where G. servilis and G. pellucida occur together they are readily sepa- 
rated, as previously pointed out by Pilsbry, by the consistent differences in 
size and color. After the removal of the larger and darker G. servilis from 
the smaller and lighter G. pellucida, there are usually a series of minor 
variations within each species. 

Gastrocopta pellucida (Pfeiffer) 
(Pl. 111, Fig. 6) 

Pupa pellucida Pfeiffer, Symbolae ad historiam Helioeorum, I (1841) : 46. 
Gastrocopta pellucida (Pfeiffer), Pilsbry, Manual of Conchology, 24 (1916) : 75-78. 

This species and the preceding one are often associated with one an- 
other in the same habitat, attached to the lower surfaces of pieces of wood 
and on the damp lower part of leaves and stones. As already suggested, 
G. pellucida appears to be restricted to a narrower band across the northern 
coastal plain (Map 17). During the limited time devoted to this work it 

MAP 17. Distribution of Gastrocopta pellucida. 

was impossible to ascertain the probable ecological reasons, if any, for this 
restriction in the range of G. pellucida. H. B. Baker contributed these 
additional records: near Humacao Playa, east of Guanica Harbor, and two 
iniles south of the town of Cabo Rojo. Evidently, the range of this animal 
xnay extend farther east and south along the coastal plains as far as 
Humacao. 

Reference has already been made to Pilsbry's analysis of essential char- 
acters which will help in separating G. pellucida: from G. servilis. Emphasis 
is placed on the uniformly smaller size, the light grayish rather than brown- 
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is11 cast of the shell, and the bifid anguloparietal tooth in the aperture of 
the shell of B. pellzccida. 

FAMILY SUCCINEIDAE 

Succinca approx imans  Slluttleworth 
(PI. IV, Fig. 1) 

S~ icc i )~ea  approxi?nans Shuttleworth, "Diagnosei~ . . . ," 1854, p. 147. 
Succi~ten approximans Shuttle\vorth, Dnll and Simpson, "The Mollusca of Porto Rico," 

1901, p. 372. 

Reported by Shuttleworth (1854: 14748)  and described by him. This 
species has a wide distribution (Map 18) in Puerto R,ico. I t  is present 

I I 

MAP 16. Distributioii of Succinea approximans. 

throughout the island, althougll it is more common in the coastal regions 
than it is in the central part. Blauner, who collected intensively in the 
eastern part of the island, found it a t  Fajardo, Luquillo, and Humacao. I11 

his report on the collections made by Gundlach, von Martens (1377: 353) 
added Aquadilla and Las Marias to the records for western Puerto Rico. 

Succ inen  Iryalina Shuttleworth 
(PI. IV, Fig. 2 )  

Sfcrcit~ca 11.11alina Shuttleworth, ['Diagnosen . . . ," 1654, p. 148. 
S~tccincn h!iali?~a Shuttleworth, Dnll and Simpson, "The Mollusca of Porto Rico," 1301, 

p. 375. 

This species and S. approzimans were described a t  the same time. Taxo- 
nomically, there is not a great difference between them. S. hyalina is usu- 
ally shorter, with the last whorl considerably more swollen than that of 
S. approximans. 

S. hyalina (Map 19) has a soniewhat different pattern in that i t  is pre- 
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I I 

MAP 19. Distribution of Succinea hyalina. 

dominantly north-central and northwestern. I t  is but rarely fo~uld in the 
high mountain mass or on the southern coastal plain. The type lot came 
from the eastern part of the island near Rio Blanco, and it is reported as rare 
there by Shuttleworth. 

Succifiea riisei Pfeiffer 
(Pl. IV, Fig. 3) 

Succinea riisei Pfeiffer, Zeitschr. f .  Malak., 10 (1853) : 52. 
Succinea riisei Pfeiffer, Dall and Simpson, "The Mollusca of Porto Rico," 1901, p. 372. 

This species is by far the rarest Xuccinea in Puerto Rico. Gundlach 
collected S. riisei near Quebradillas. Blauner failed to find it in eastern 
Pnerto Rico. The distributioii (Map 20) so far as can be determined from 
the few records available seems to indicate that X.  riisei is confined to the 

MAP 20. Distribution of Succinea viisei. 
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northern and southern coastal region. The pattern strongly suggests that 
this species might well have been introduced by some passive means since 
the advent of the white man. This robust, white species is readily dis- 
tinguished from the other Succinen on the island. According to Pilsbry 
(1926~: 103), S. riisei may be related to thc S. avara group. Pilsbry also 
suggested that there is an urgent need for an abundance of material from 
intermediate localities so that many of the nominal species in the Succinea 
group can be properly united or separated. 

FAMILY HELICARIONIDAE 

Guppya gundlachi (Pfeiffer) 
(Pl. 111, Figs. 7a, b )  

Helix gundlacl~i Pfeiffer, Arclaiv f. Nuturg., I (1840) : 250. 
Guppya gundlachi Pfeiffer, Uall and Simpson, "The Mollusca of Porto Rieo," 1901, 

p. 373. 
Gupp?ya gundlachi (Pfeiffrr), H. B. Raker, ( ' A  Checklist of Nearctic Zonitidae," 1933, 

p. 2. 

This is one of the most common of the small species in Puerto Rieo 
(Map 21). Large numbers were taken, particnlarly among the limestone 

MAP 21. Distribution of Guppya gundlachi. 

haystaclc knolls of the northern coastal plain. I n  the high mountain regions 
G. gundlachi was much less common, although i t  was found a t  moderate 
altitudes such as in the regions of Barranquitas and on the approach to 
Adjuntas from the south. Blauner collected it along the eastern end of the 
island a t  Fajardo, Luquillo, Ceiba, and Humacao, but i t  was rare there. 
Evidently, Bundlach did not find the species named in his honor to be very 
common, since von Martens (1877 : 346) gave but one specific locality (Que- 
bradillas) in his report on Gundlach7s work. The fine, spiral sculptural 
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lines on the shell of this smooth and glossy species makes identification of i t  
relatively easy. Recently, H. B. Baker collected C. gundlachi from the 
following additional localities: dryish woods in the third line of hills, two 
miles south of Old Loiza; southeast side of Montoso (2000-2500 ft.) ; two 
miles southeast of Cabo Rojo; and agricultural station a t  Mayaguez. Re- 
garding its ecology, Baker stated (in notes) : "In leaf humus and weak 
climber, often in places modified by culture." 

Habrocowus cf. ernsti  (Jousseaume) 
(Pl. 111, Fig. 8) 

Ernstia crnsti Jousseaume, Ment. soc. cool. France, 2 (1889) : 251 (Venezuela). 
Habroconus ( E m s t i a )  ernsti (Jousseaume), H.  B. Baker, Proc. Acad. Nat .  Sci. Phila., 

80 (1928) : 12. 

I t  is not certain to which of the circum-Caribbean species of Habroconus 
this Puerto Rican material belongs. H. B. Baker recommended that i t  be 
tcntatively referred to H. ernsti. By means of anatomical studies he plans 
later to examine the animals he collected in  Puerto Rico so that the proper 
relations to related forms may be established. 

The dozen lots of this species recorded (Map 22) are rather widely scat- 

I I - 

M A  2 .  1)istril)utiorl of Ifabroconrrs ef. ernsti. 

tered throughout the island. Rak(.r found his specimens "mainly in leaf 
humus." He gave the follomiiig additional records: Sierra de Bandera, 
along the Ponce-Adjuntas road ; and Montoso. These animals appear to be 
most common in regions in which there is a reasonably thick natural cover. 

FAMILY ZONITIDAE 

Il~azuaiia nzinuscula (Binney) 
(1'1. 111, Fig. 9) 

Helix minusclila Binnt>y, Bostoi~ J o ~ ~ r n .  Nut.  Ilist., 3 (1843) : 345, PI. 22, Fig. 4. 



46 HENRY VAN DER SCIIALIE 

Zonztoicic*~ ~ttinusoulus Binncy, 1)all and Simpson, ( '  Tho Mollusca of Porto Rico, ' 1901, 
1). 373. 

Hutoaila ?t~invscula (Binnc~.) 11. B. Baker, .1 Cl~ccklist of Nearctir Zonitidae, " 1033, 
p. 9. 

Only three lots of Huwaiia were collected, thus indicating that H. 
nti?tuscula is not a t  all conillloll on this island. The localities established for 
i t  are : twelve kilometers southeast of Vega Baja, approaching Morovis; ten 
kilonieters west of Utuado, along the road to Lares; and near caves about 
three kilometers southwest of Aguas Buenas. It is of interest that these 
statioils are well back on the coastal plain near the northern border of the 
upper peneplain. The species appears to be distributed in a zone along the 
northern par t  of the island. It is difficult to forinulate concepts about the 
distribution of a species as small as this one, because it  may readily be over- 
looked in the course of field work. However, sufficient care has been taken in 
collecting arnong the limestone knolls of the northern coastal plain to suggest 
that it is not a usual species among them. Blauiler presumably collected 
H. mit~asc?rlnz in  the region of Fajardo and Humacao. 

Rctinella insecta (von illartens) 
(Pl.  111, Figs. 10a, b )  

H!lulina ir~secta E. von Martens, Jahrb. t i .  deutsch. ?nalal;. Gesc,llsck., 4 (1877) : 345, P1. 111, 
Fig. 3. 

Fi t lea  insecta von Martens, Dall and Simpson, "The Mollusca of Porto Rico," 1901, 
p. 373. 

This relatively common species in  Puerto Rico inhabits (Map 23) the 
denser woodlands of the high mountain regions. I t  mas originally collected 
by Gundlach near Utuado. I t  often occurs in the mountains among moss 
and vegetation covering limestone outcrops. Pilsbry and Vanatta (1927 : 

I I 

MAP 23. Distribution of Retinella insecta. 
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21) recorded it from Montoso, division of Mayaguez, at  an elevation of 2624 
feet. 

There is some difference of opinion as to whether R, i n s e c t a  differs es- 
sentially from the North American R. i n d e n t a t a .  Bland ( 1 8 7 5 :  77) credited 
R. i n d e l z t a t a  to Puerto Rico. A few years later von Martens described R. 
insec t a ,  and although he admitted i t  was closely related to R. i n d e n t a t a ,  

he claimed specific distinction for it. The main difference between 
these two species, according to von Martens, is that R. insecta is much 
more flattened that is R, inde?r ta tn .  More recently, H. B. Baker ( 1 9 3 0 ~ :  

210-11) has stated that R. i n s e c t a  is nearest to R. i n d e n t a t a  paucilrirata 
(Morelet) : 

Anatomical data will be necessary to determine tllc status of a t  least two peculiar 
forms in extreme southeaster~l United States. The 'Florida form,' which is  usually 
perforate (or narrowly umbilicate) but tends to develop a considerably more corneous 
shell, may represent a distinct subspecies; it seems to approach closely Martens' Porto 
Rican inseota (ANSP. 141024; one shell from summit of Montoso, D. Mayaguez, 
P. R.) . . . . 
At the present time the taxonomic status of this species is uncertain. 

Retinella sp. near R. subhyal i~a  (Pfeiffer) 
Helix subhyalina Pfeiffer, Malak. Bllitt., 14 (1867) : 196. 
Retinella (Perpolita) subhyalina subhyalina (Pfeiffer) ,  H. B. Baker, Proc. Acad. Nut. 

Sci. Phila., 82 (1930) : 199. 
Retinella (Perpolita) subhyalina subhyalina (Pfeiffer), R. B. Baker, ( 'A  Checklist of 

Nearctic Zonitidae, ' ' 1930, p. 24. 
Eyalinia subhyalina Pfeiffer, R. Strebel, and Georg Pfeffer, Beitrag . . . mez. Land- IL. 

Siisswasser Conch., 4 (1880) : 18, Taf .  4, Fig. 14 (one of few figures of this species). 
Several lots (Map 25) found were confused with Zonitoides arborezts. 

This species is figured by Strebel and Pfeffer (i880 : 1 8 ) ,  and it is best 
lrnown as belonging to the region of Mexico. H. B. Baker (1930~: 1 9 9 )  

\ I 

MAP 04. Distribution of Retinella subhyalina. 
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stated : "On account of its gradually expanded whorls and corneous, spirally 
striate shell, this species is quite easily confused with Zonitoides arboreus 
(Say). But, R. subhyalina is a smaller shell with more depressed whorls, 
shallower suture and more open umbilicus." 

I n  Puerto Rico, Baker collected i t  south of Catafio, in the Sierra Morales, 
at  Adjuntas, and a t  Montoso; under leaves on the ground. This and the 
preceding species are often in wooded areas throughout the central and 
higher parts of the island. I t  was especially common in moist situations 
among dense vegetation covering linlestone outcrops. The distribution (Map 
24) indicates that R. suhltyalina is a relatively common species i11 the cen- 
tral higher parts of the island. 

Striatura uneridiorza.lis (Pilsbry and Ferriss) 
(Pl. 111, Fig. 11) 

Pitrea milium meridionalis Pilsby and Ferriss, Proc. Acad. Nat. Sci. Plbila., 58 (1906) : 
152. 

Striatura (Pseudohyalina) meridionalis (Pilsbry m ~ d  l+'erriss), H. B. Baker, "A Check- 
list of Nearctic Zonitidae," 1933, p. 10. 

This minute species has not previously been reported from Puerto Rico. 
I t  was common only along the limestone margin of the northern and southern 
coastal plain (Map 25). I ts  presence in and near the sugar growing regions 

MAP 25. Distribution of Striatura meridionalis. 

suggests that i t  may have been introduced into the island accidently with 
agricultural products. The failure of Blauner and Gundlach to find i t  
may mean that i t  was not in Puerto Rico when they carried on their work 
there. Since 8. meridionalis is among the smallest of shells, however, there 
is always the possibility that i t  may have been overlooked hitherto. H. B. 
Baker kindly examined specimens and in a letter regarding this matter 
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statctl : "Your three lots of S l r i c ~ t ~ i ~ u  rneridionalis have been compared with 
Mexicall specimcns, from which they appear to differ only in  lacking 4 to 4 
whorl ; so they are smaller." 

Zdnitoides arboreus (Say) +Helix  bryodes Shuttleworth 
(Pl. 111, Figs. 12a, b)  

s e l i m  arboreus Say, iLConchology," Nicl~olson's British Encyclopedia, 1st Amer. ed., 1816. 
Zonites bryodes Sh~ttleworth, "Diagnosen . . . ," 1854, p. 128. 
Zonitoides (Zonitellus) arboreus (Say), 11. B. Baker, "A Checklist of Nearctic Zoni- 

tidae," 1933, p. 13. 

Apparently, Shuttleworth's Helix bryodes is a synonym of Zonitoides 
arboreus. Baker called my attention to this relationship. He collect,ed 
specimens a t  Montoso and west of Santa Ana Peak. Shuttleworth's col- 
lections were from Luquillo, and Sail Juan ;  von Martens reported it from 
Caguana, west of Utuado. There is a strong possibility that this species has 
been introduced. Only five lots were taken in my own collecting from the 
following localities: near Peiiuelas; about twenty-four kilometers south of 
Arecibo; about fifteen kilometers south of Arecibo; about nineteen kilo- 
meters east of Arecibo; and near caves about three kilometers southeast of 
Aguas Buenas. Only single specimens were found a t  all five of these 
stations. 

FAMILY SYSTROPHIIDAE 

Miradiscops sp. 
(Pl. IV, Fig. 4) 

Miradiscops H. B. Baker, Occ. Papers Mus. 2001. Univ. Mich., 156 (1925) : 15, 17, 34. 
Miradiscops ET. B. Baker, Proc. Acad. Nut. Sci. Phila., 81 (1929) : 252. 

The specific status of this group in Puerto Rico is uncertain. Some 
twenty-one stations are established (Map 26)  for it. H. B. Baker, who 

MAP 26. Distribution of Miradiscops. 
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worked with species of this genus, which ranges from Mexico to northern 
Sonth America, has informed me that he is planning to make a careful study 
of the variable shells of series he has collccted in l'uerto Rico. Throughout 
thc island Mil-adiscops lins a wide range of liabilat conditions, although there 
does seem to be a preference for limestone outcrops in the nort,hern and 
southern coastal plain rcxions. Tliere arc few records for it along the high, 
igneous, and heavily wooded region of the Cordillera Central. 

Cecilioides gundlachi (Pf eiff er ) 
(Pl. IV, Fig. 5) 

Achatina gundlachi Pfeiffer, Zeitschr. f .  Malak., 1850, p. SO. 
Caecilioides (Geostilbia) gundlachi (Pfeiffer), Pilsbry, Manual of Conchology, 20 (1910) : 

43-45. 
Cecilioides (Geostilbia) gundlacl~i (Pfeiffer), Pilsbry, Pnoc. Acad. Nut. Sci. Phila., 82 

(1930) : 352 (Panama). 

These shells are among the smallest found in Puerto Rico, which may 
account for the fact that, so fa r  as can be determined, C. gundlachi  has not 

I I 

MAP 27. Distribution of Zachrysia auriconza havanensis (circles), Cecilioides 
gundlachi (triangles), and Cecilioides consobrinus (rectangles). 

hitherto been reported from this island. Apparently, the species is widely 
distributed throughout the islands of the West Indies. Pilsbry (1910 : 43) 
gave records for several of the islands in the Greater and Lesser Antilles, 
but did not include either Hispaniola or Puerto Rico. I n  this island, C. 
gundlachi  was confined more or less to a broad band across the northern 
shore. I t s  occurrence seems (Map 27) sporadic, but this may be due to 
faulty methods of cpllecting such minute forms. Although the species was 
found a t  moderate elevations approaching Barranquitas, i t  was never ob- 
served in the high mountainous region of the interior. 
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Ceci l ioides  colaso b r i n u s  ( D  'Orbigny ) 
(1'1. IV, Fig. 6 )  

Acliut,inu consobrina D'Orbigny, "Moluseos," i n  De la Sagra, Histoire physique . . . , e t  
natz~relle de 1'Ple de Cuba, 1 (1855) : 170, P1. xi bis, Figs. 7, 9. 

Caecilioides consobrina (D'Orbigny) Pilsbry, .Manual of Conchology, 20 (1910) : 39-42. 

The smaller size of C. consobrinus as compared to C. gundlachi enables 
one to separate readily the two species when they are found a t  the same 
station. This species averages about 2 mm. in length, whereas C. gundlachi 
is about twice or more as long. In  Puerto Rico, C. consobrinus is somewhat 
restricted to the coastal plain of the southwestern part of the island; there 
is only a single record for'the extrenie western portion of the northern coastal 
plain (Map 27). More careful search is necessary to delimit its range es- 
actly, although there is reason to believe that C. consobrinus is mainly a 
species of the southwestern coastal plain and that C. gundlachi inhabits 
chiefly the northern part of the island, spreading well into the foothills. 

Studies of this genus by Europcan observers (see Pilsbry, 1910 : 2-5) have 
yielded some interesting observations regarding its method of progression, 
the extreme flexibility and elastic nature of the animal, its unique, colorless 
eye, which led Lamarck to believe Cecilioicles was eyeless, and the tendency 
of this group to inhabit graves. Such observations suggest that further 
studies of these unusually small and secretive animals in a region like Puerto 
Rico might prove extremely interesting. Hugh Watson (1928 : 21743) has 
presented a most interesting account of the anatomy of Cecilioides acicula, 
emphasizing that the structure of the various organs is correlated with the 
functions of those organs conforming to conditions in its subterranean 
environment. In  a consideration of the geographical distribution of Cecili- 
oides, Watson stated: "But this does not explain the presence of Ceciliodes 
in Central America and the West Indies, which is almost certainly due to 
the genns having been evolved before the New World was completely cut off 
by the Atlantic Ocean." 

O p e a s  pu?nilufit (Pfeiffer) 
(1'1. IV, Yig. 7 )  

IIcl2r goodalli Miller, Ann. I'llzl., 7 (1822) : 381, non Fhrusuac, 1821. 
Bnlz~nus clavulus Turton, A Manual of the Shells o f  the British Isles, 1831, non Lamarck, 

1822. 
Bulimvs pumalus Pfeiffer, Wzegmann's Archiv f. Naturg., I1 (1840) : 252. 
Opeas goodalli Miller, Dall and Simpson, ' Tlie Mollusca of Porto Rico," 1901, p. 375. 
Opens goodalli (Miller), Pilsbry, Manual o f  Conchology, 18 (1906) : 200-203. 
Opras pumilum (Pfeiffer), Pilsbry, Nautilus, 24 (1910) : 31. 

Pilsbry (1906 : 202) commented on this form : 
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This wide-spread little sprcies W:IS originally desrribed from a colony found around 
'pines in Bristol, England. Since ' Bvo ttcc.11~ ' b racteata, importctl from Jamaica in 
1785, was the only spmies of pinc~npplc : ~ t  tlrat tinxe cultivated in England, i t  is lilcrly 
that  the original stock of goodallz cnlnc in dirt around the roots, and from Jamaica;  
though tho ult i~nato habitat of tlic 11111cn1)1)10 W:LY probably Brazil, a country equally 
inl~abitcd by the Opftls. 1'11(1 snail I Y  s a ~ d  to llave first I)ccn obscrvrd about 1816. It is 
now found in nlany I~otl~ouucs in England, arountd I,ondon, Manchestcr, ctc. I t  has also 
been imported into variot~s tropical countries, anti will doubtless attain as  wide a range 
a s  Subttlina octona and Opeus gracile in time. 

I n  Puerto Rico 0. purnilum (Map 28)  has somewhat the same distri- 
butional range as have Lamellaxis gracilis and Lamellaxis micra. It seems 

MAP 28. Distribution of Opeas purnilu?n. 

to be most common in the eastern half of the island, where i t  is present in 
the cultivated parts of the coastal plain and within the deeply incised valley 
in the vicinity of Caguas and Juncos. 

Lamellaxis gracilis (Hutton) 
(Pl.  l V ,  Fig. 11) 

Bulimus gracilis Hutton, Jouvn. Asiatic Soc. Bcngal, 3 (1834) : 84, 93. 
Achatina subula Pfeiffer, Archiv f .  Naturg., I (1839) : 352. 
Stenogyra subula Binney, A Manual of American Land Shells, 1885, p. 425, Fig. 473. 
Opeas subula Pfeiffer, Dall and Simpson, "The Molluscn of Porto Rico," 1901, p. 374. 
Opeas gracile (Hut ton) ,  Pilsbry, Manual of Conchology, 18  (1906) : 198-200. 

The distribution of this species in Pucrto IZico is practically the same as 
that of L. micra. In the field the two species often occur together. Ac- 
lcording to the distribution records (Map 29), however, L. gracilis is some- 
what more common than is L. micra. There seems to be a wider and heavier 
concentration of L. gracilis in the northeastern part of the island. Along 
the southern coastal plain this species seems to have been introduced a t  both 
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MAP 29. Distribution of Lamellaxis gracilis. 

Ponce and Guayama. Pilsbry stated (1906 : 199) that 0. subula Pfeiffer is 
a synonym of L. gracilis. 

Lamellaxis micra margaritaceus (Shuttleworth) 
(Pl. IV, Fig. 1 2 )  

Stenogyra (Opeas)  margaritacea Shuttlemorth, "Diagnosen . . . ," 1854, p. 139 (un- 
figured). 

Opeas nzargaritacezcs Shuttleworth, Dnll and Simpson, ' The Mollusca of Porto Rica, " 
1901, p. 375. 

Opeas micra margaritaceunl. (Shuttleworth), Pilsbry, Manual of Conchology, 18 (1906)  : 
196. 

In Puerto Rico L. micra was most common along the drier limestone 
regions of the northern coastal plain (Map 30). Shuttleworth described his 

I 

MAP 30. Distribution of Lamellazis micra margaritaceus. 
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Ste.lzogyra rnargaritacca fro111 Rio Blanco, which is near the present town 
of Naguabo at  the east end of t h ~  islantl. Pilsbry (1906: 196) decided 
after examining topotypes ( 7 )  to pernlit 0. nzcrrgaritaceus to stand as a 
variety under 0. nlicra. The specimens of L,  rl1lcra collected were most com- 
mon among limestone oiltcrsops in the cultivated and populated regions of 
the northern shore region. The single lot taken v m t  of Ponce may have 
been introduced. More thorough collections are necessary to establish the 
exact limits of its range in this island. 

Lame l la s i s  nzo+zodon opalesce~zs (Shuttleworth) 
(PI. 117, Fig. 8 )  

Leptinaria opalescens Shuttlewortll, "Diagnosen . . . ," 1855, p. 142. 
Leptinaria opalescens Shuttle~~ortli, Dnll and Simpson, "Tlle Rlolluscn of Porto Rico," 

1901, p. 374. 
Leptinaricc monodon opalescens Shuttle~vorth, Pilshry, IUanunl of Conchology, 18 (1906) : 

293-94. 

The members of the former L e p t i n a r i a  group are difficult to determine. 
Those in Puerto Rico are no exception. The determinations used here are 
based on the work of H. A. Pilsbry (1906 : 284-96). He has stated (1906 : 
286) in a discussion under L e p t i n a r i a :  "The species are numerous, many 
of them critical and difficult to diagnose; and the more widely distributed 
forms have been herein reduced to synonyms; but I have in each case given 
evidence for my views. . . . " 

ShuttlewortEi (1854: 142) recorded three species from eastern Puerto 
Rico. Pilsbry (1906: 293) stated that Shuttleworth's L. s ty lodon  "cannot 
be separated even varietally from the Jamaican L .  monodon .  The supposed 
differences indicated by Shuttleworth are of little i rnportan~e. '~ Thus, 
L. s ty lodon  becomes a synonym of L. monodon .  Another of Shuttleworth's 

I I 
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MAP 31. Distribution of Lamellaxis monodon opalescens. 
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species, L. opalcsce~zs ,  is considered by Pilsbry as a variety of L. monodon .  
It is i n t e r e s t i n g  in this c o n n e c t i o n  that H. B. Baker in notes kindly sub- 
mitted snggcsted that he d o e s  not feel that the variety L. opalescens is "much 
good." All of w h i c h  brings out the f u n d a m e n t a l  truth originally stated 
by Pilsbry, which e m p h a s i z e s  that c a r e f u l  studies are needed b e f o r e  one can 
evaluate properly the species within this group. 

The specimens f r o m  Puerto Rico placed under this speci f ic  heading have 
the characters essentially b e l o n g i n g  to this group as d e f i n e d  by Pilsbry: 
lacking a parietal lamella and having an ovate shell (58 t o  6$ whorls), with 
the diameter of the shell a b o u t  one -ha l f  o f  its length. The L. mo?zo&om speci- 
mens (Map 31) were largely confined to the coastal plain and foothills of 
the north and south coast. Although the species attained considerable 
altitude, it was decidedly scarce in the main m o u n t a i n  mass. Shuttleworth 
reported that Blauner col lec ted  it at Humacao, which extends the range 
c o n s i d e r a b l y  to the southeast. 

Lamellaxis paludinoides ( D  'Orbigny ) 
Acltatints pnluilinoides D 'Orbigny, ( hIollusques, " in Sagra,  Ristoire physique . . . , et 

naturelle de Z'ile dc Cuba, I (1841) : 171, P1. XI, Figs. 13-15. 
Spiraxis paludinoides D'Orbigny, Dall and Simpson, "The Mollusca of Porto Rico," 

1901, p. 375. 

La~nellaxis acicularis (Shuttleworth) 
Stcnogyra (Sz~bulina) acicz~luris Shuttleworth, "Dingnosen . . . ," 1854, p. 49. 
Subulina acicularis Shuttleworth, Dall and Simpson, " The Mollusca of Porto Rico, " 

1901, p. 375. 
Leptinaria acic~ilaris (Shuttleworth) Pilsbry, Manual of ConcT~oloyy, 18  (1906) : 299. 

Lanzellaxis alabastrina (Shuttleworth) 
Stenogyra (Opeas) alabastrina Shuttleworth, "Dingnosen . . . ," 1854, p. 139 (unfigured). 
Opeas alabastrinzis Shu t t l~~vor th ,  Dall and Simpson, "The hIollusca of Porto Rico," 

1901, p. 375. 
Opeas alabastrinum (Shuttleworth), Pilsbry, Manual of Conchology, 1 8  (1906) : 204-5. 

I;nv~cllazis gompltarium (Shuttleworth) 
St ,  ?io!j!/rcr (Opras) Ci~nif~ha?'iriln. Sll~~tticwortll, ' 'I)i:~guoson . . . ," 1854, p. 139 (un- 

iig~lrwl). 
Opras (10?tipIi(~~i11))~ Sl l~~t t l (~wort l l ,  1):111 ntld Sirnpson, "Thc Molltisc:~ of Porto Rico," 

1901, p. 375. 
Opeus !jon~p?iarizc?n (Ahattlcwortll), I'ilsl~ry, Manual of Cot~cliology, 18 (1906) : 205. 

Lanzellaxis unilamellata (D'Orbigny) 
(Pl.  IV, Fig. 13) 

Rcliz unilanielltrta Fbrussac in coll.; D'Orbigny, Mag. de zool., 1835, p. 9. 
Achatzna larnellata Poticz and Michsud, Galerie des rnollusqnes ou Catalogz~e . . . , 

nwllttsqite et  coyuille du JfusEum de Douai, 1 (1838) : 128, P1. 11, Figs. 7, 8. 
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Leptinaria lan~cllata (Potiez and Michaud) Pilsbry, Manual of Conchology, 19 (1907) : 
288. 

Shuttieworth (1854 : 142) and Crosse (1892 : 30) listed this species under 
the name L. antillarzcm Shuttleworth. Pilsbry (1906 : 289) has shown that 
L. unilamellata has priority over L. antillarum. I n  distinguishing the two 
species formerly referred to Lcptinaria anci apparently found in Puerto 
Rico, there seerns to be a consistent difference in size and shape between L. 
monodon and L. unilamellata. The former is usually about one-half as 
large and has a much more swollen and obtuse profile than the latter. Not 
only is L. unilamellata less common in Puerto Rico, but i t  appears to have a 
rather characteristic distribution pattern (Map 32). There appears to 

MAP 32. Distribution of La?lzellaxis unilamellata. 

be a concentration of stations in the region of the haystack knolls and in 
the foothills immediately south of them in the north-central part of the 
island. 

FAMILY SUBULINIDAE 

Subz~lina octona (Bruguiere) 
(PI. IV, Fig. 14)  

Bulimus octona BruguiBre, Tableau cncyclopidique et ~ ~ t h o d i q t t e ,  1 (1789) : 325, No. 47. 
S,ubuZina octona BruguiEre, Dall and Simpson, ' ' The Mollusca of Porto Rico, " 1901, 

p. 375. 
Subulina octona (Bruguihre) Pilsbry, &Ianual of Col~chology, 18 (1906) : 72-74. 

Both Blauner and Gundlach fo~xnd this species to be very common in 
Puerto Rico. In  more recent collections tllcrr! were practically no localities 
in which S. octona was not represented (Map 33) .  I t  was usually more 
abundant in the densely populated and cultivated regions of the coastal 
plain and foothills, but was, nevertheless, well represented in some of the 
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MAP 33. Distribution of Snbtclina octona. 

less accessible parts of the forested mountain regions. Pilsbry (1906 : 74) 
believed that in nature Subz~linn is restricted to Africa and America but 
that through comrnerce S .  octona has spread to the East Indies. It is un- 
questionably one of the most adaptable and widely distributed of tropical 
rnolluslrs. C. Montague Cooke, Jr. ,  (1926 : 2279) stated : 

As an example of a snail distributcd by rnodcrn commcrc8e, let me mention Subulina 
octona. Up t o  1887, Garrett knew this species only a s  a n  inhabitant of the West Indies. 
I t  was not known in TIawaii prior t o  1903. Since 1920, spccime~ls have come into the 
Bishop Museum Collection from Rapa, The Marquesas, Society Islands, Cook Islands, 
S:~moa, Fij i ,  Tonga, and New Hebrides. I n  Tutuila, this is one of the most abundant 
species living today occurring in great  abundance from the sea-shore t o  the  crest of the  
mountains. 

FAMILY ACIIATINIDAE 

Obeliscz~s terebraster (Lamarck) 
(Pl.  IV, Fig. 9) 

Btclimvs terebraster Lamarck, Histoire des animaux sans uert8bres . . . , VI (1882) : 124. 
Stenog!jra toebras ter  Lamarelr, Dall and Simpson, "The Mollusca of Porto Rico," 

(1901), p. 374. 

111 Puerto Rico 0. tercbraster is widely distributed (Map 34). The 
sl)ocic.s apparently grows to its maxilinlm size arid occurs most conlmonly in 
the mountainous regions of the islantl. On the coastal plain the snails 
become stuated. This gradual reduction in size is shown in Table I11 and 
Figure 3. For statistical purposes, it is difficult to obtain large series from 
the lower regions of the island, hut the few specimens available in the lots 
taken on thc coastal plain clearly show that 0. terrbrastcr is usually about 
one-half as large a t  the lower altitudes as are speci~nens taken in the Cor- 
dillera Central. This obscrvation is of particular iiliportance in that i t  
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stresses that among some species, such as this one, optiinum living condi- 
tioils are a t  the higher altitudes, and stunting proceeds to the forms living 
under the less favorable conditiolls of the coastal plains. I n  crrtaiii other 
species, such as Megalomasfonza croceunz, and Pdydontes lima, the stunt- 
ing occurs i11 the reverse order, that is, the larger forms inhabit the low- ' 

land, and the dwarfed specimens are at higher elevations. 

TABLE I11 

PERCENTAGE DISTRIBUTION FOR COLLECTIONS OF O b e l i s c ~ ~ s  t e ~ e b r o s t c r  
Taken in Puerto Rieo and allocated according to elevations. 

-. 

Length 
in mm. 1 -491' 1 600'-1499' I 1500'- I Totals 

12  
1 3  
14 
1 ti 
16 
17  
18  
19  
20 
21 
22 
23 
04 
25 
26 
2 7 
28 
29 
3 0 

1 
6 
6 

17  
25 
16  
15  
10 
10 

7 
1 
2 
1 

. . . . .  

. . . . .  

. . . .  

. . . . .  

........ 

....... 

0.8 
5.1 
5.1 

14.5 
21.4 
13.7 
12.8 

8.5 
8.5 
6.0 
0.8 
1.7 
0.8 

....... 

. . . . .  

....... 

......... 

99.7 

....... 
3 
6 
7 
8 

20 
14  
12  

6 
18  
4 
5 
6 
4 
1 
1 
1 

......... 

......... 

Totals 

2.6 
5.2 
6.0 
7.9 

17.2 
12.0 
10.3 

5.2 
15.5 

3.4 
4.3 
5.2 
3.4 
0.9 
0.9 
0.9 

......... 

......... 

116 

. . . . .  
3 
6 
9 

15  
23 
42 
3 9 
46 
45 
3 5 
17  
14  

9 
6 
5 
1 
1 

117 100.9 316 

. . .  

0.9 
1.9 30 5.5 
0.8 42 7.6 
4.7 5 1  9.3 

9.5 
11.7 
10.0 
12.9 

9.1 
7.6 
4.4 
3.3 
1.8 
1.3 
1.0 
0.2 
0.2 

99.9 

7.3 
13.3 
12.3 
14.5 
14.2 
11.0 

5.4 
4.4 
2.8 
1.9 
1.6 
0.3 
0.3 

99.6 

52 
64 
55 
71  
50 
42 
24 
18  
10 

7 
6 
1 
1 

549 
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According to Blauner (Shuttleworth, 1854: 141) 0. terebraster is ovovivi- 
parous. This observation is probably reliable, although i t  has not been 
verified with the material a t  hand. A number of specimens clearly show 
large eggs present in  the uterus, bnt no coinpletely formed shells were ob- 
served i n  the lower par t  of the genital tract. More detailed observations 
on the life history of this species would be of interest. 

Table I11 and Figure 3 show tha t  the lower altitudes ( 0 4 9 9  f t . )  in  
Puerto Rico harbor the more stunted specimens (12-24 mm. i n  length). I n  
the nlountainous regions, roughly a t  altitudes of 1500 feet or more, large 
forms range from 1 3  to 30 nim. in  length. The intermediate series, which 
arc  shown i n  Figure 3 by two modes, one a t  17 nlm. the other irt 21 mm., 
indicate that certain lots in this group go with the upland forms, whereas 
others should probably be grouped with the lowland forms. The exact 
limits of the two series have not been established. Additional field work 
may clarify the status of these groups. 

0l)clisczrs szciiftianus (Pfciffer) 
(Ill. 1 I-, Fig. 10) 

Bulimus swiftianus Pfeiffer, Monographia Heliceorurn viventiz~m, I11 (1853) : 399. 
Stenogyra swiftiana Pfeiffer, Dall and Simpson, "The Mollusca of Porto Rice,)' 1901, 

p. 374. 
Obeliscus swiftianus (Pfciffer), Pilsbry, Manual of Gonchology, 18 (1906) : 268-69. 

Unlike the other t ~ 7 o  species of Obeliscus (domivzicensis hasta and tere- 
braster), swiftianus is confined largely to the coastal plain of Puerto Rico 
and does not inhabit the Cordillera Central (Map 35). I n  fact, the  largest 
series of 0. swiftianus were talcen on the coastal plain anlong d r y  limestone 
outcrops on both the north and south coasts ; the same habitat usually yielded 

I I 

MAP 35. Distribution of Obeliscz~s swiftianus. 
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few other species of Obelisczis. Blauner (Shuttleworh, 1854: 140) col- 
lected swiftianzcs at  Luquillo, Fajardo, and Humacao, and its range will 
most likely extend completely around the island within the coastal plain. 
I t  is of interest to note that 0. swiftianus is clearly a coastal plain form, 
just as are the two common Puerto Rico Lamcllaxis, that is, gracilis and 
micra, and also Opeas pumiltcnz. 

Obeliscus dominice+zsis hasta (Pfeiffer) 
(Pl. V, Fig. 1) 

Bulinaus hasta Pfeiffer, Malak. Blutt., 3 (1856) : 45. 
Psez~dobalea dominicensis Pfeiffer, Dall and Simpson, ( 'The Molluwa of Porto Rico," 

1901, p. 375. 
Obeliscz~s dominicensis 7iasta (Pfciffer), Pilsbry, Nalaual of Coizchology, 18 (1906) : 272- 

74. 

This species has a wide distribution throughout the island (Map 36). 
It was particularly common in moist regions, where i t  was usually most 
abundant among decaying leaves and rich vegetation covering large slabs of 
limestone. Although found among the limestone knolls of the north coastal 
plain, the best series were usually tdien farther inland and in the higher, 
more mountainous parts of the island. The fact that no specimens were 
collected along the south coastal plain, which is linown to be considerably 
drier than the northern plain, may indicate the preference of 0. dornini- 
ccnsis for moisture. Blauner (Shuttleworth, 1854: 140) collected i t  a t  
Luquillo. E ~ . e n  though i t  was rare there, 0. dorninicensis probably ranges 
considerably farther east than is shown (Map. 36). Gundlach, according to 
von Martens (1877: 349), collected it a t  Quebradillas, which extends the 
range somewhat farther west along the north coast. 

There is a t  present some question as to whether the variety hasta is a t  all 
I 

I - 

Mar  36. Distribution of Obelisczts dominicensis hasta. 
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different from the typical form 0. dominiccnsis, ~vhicli inhabits IIispaaiola. 
Pilsbry (1906: 273) stated: "Just what relation exists between hasta and 
domi?~censis I am unable to state; but until differences are found to exist, 
the former may temporarily be ranked as a variety." Obviously, there is 
a definite need for comparative studies of I'uerto Rican 0. don~iniccns~s with 
the forms inhabiting neighboring islands. H. B. Baker "found i t  mainly 
under disturbed conditions and very rarely in natural forest. I t  is sus- 
pected of being a species distributed by commerce, and that the 'hasta' ~vill 
be dropped some day." 

FAMILY OLEACINIDAE 

Varicella portorice~zsis (Pfeiffer) 
(Pl. V, Fig. 8) 

Achatina portoricensis Pfciffer, Proc. 2001. Soc., 1848, p. 111. 
Acl~at ina  riisei Pfeiffer, Zeitschr. f .  Afalnk., 1852, p. 151. 
17aricclla portoricensis (Pfeiffer), Pilsbry, Jiai~utrl of Co?~cl~olog?y, 19 ( 1  907) : 122-33. 
Varicclla (Vagavarix) portoricenszs (Pfeiffer), I T .  13. Ihke r ,  ATaz~tzlu.s, 55 (1941) : 27 ,  

.PI. 2, Figs. 12-13. 

This is one of the most common species of Varicella in Puerto Rico. I t  
was observed to be abundant among the haystack linolls which are prominent 
along the northern coastal plain, east of San Juan. However, as the records 
(Map 37) show, V. portoricensis seems to go completely around the coastal 

I I 

MAP 37. Distribution of Varicella po~toricensis. 

plain. It is scarce along the eastern and western part of that plain, and 
somewhat more common on the northern than on the southern plain. Rec- 
ords from Barranquitas, Aibonito, and the mountain mass south of Cayey, 
give evidence that i t  may occasionally appear in the mountaiqous parts of 
the island. , Blauner collected V. portoricensis a t  Luquillo and Humacao 
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along the east coast, and Guiicllacli added Aguadilla to the localities not 
indicated on Map 37. 

There is a rather wide range of variation in speciinens of this species 
throughout the island. This is to be expected when oile considers the strik- 
ing environmental differences that exist between the various parts of the 
coastal plain inhabited by V .  portoricensis. No definite trends have been 
observed or measured in the series collected, although i t  would be of some 
interest to ste whether any measurable differences are noticeable among 
specimens in such widely diverse regions as exist between the wet north- 
eastern part of the island and the dry southwestern zone. 

Varicella calderomi H .  B. Baker 
( P l .  V, Fig. 2 )  

Va~.icella calderoni H .  R. Baker,  T o t u l a e  hrat., 88 ( 1 9 4 1 )  : 4-5, Fig. 5. 
Varicella (Pagavar ix )  calderoni 13. B. Baker,  Nauti lus,  55 (1941)  : 27-28. 

During the summer of 1939 H. B. Baker ( 1 9 4 1 ~ :  5) discovered this 
species "under dead leaves, near summit of Yaaco-Lares Road ( P R 6 )  ; ele- 
vation near 3000 feet." It was also found at Moiltoso (WR2) near Maricao 
at  an elevation of 2000-2500 feet. 

Varicella syoradica H.  B. Raker 
( P l .  V, Fig. 3 )  

Varicella sporadica H .  R. Raker,  i\lotnlae Nat.,  88 ( 1 9 4 1 )  : 5, Fig. 6. 
Paricella ( V a g a v a r i z )  sporadica H .  B .  Baker,  Naz~tzlus,  55 (1941)  : 28. 

The type was taken by Baker ( 1 9 4 1 ~ :  5) : "Under dead leaves, on ridge 
(ES4) about 1 mile south of Humacao." He also collected i t  a t  La Valera 
and near E l  Yunque. Three lots (Map 39)  were taken in upland regions 
and consisted of but few specimens. The records thus far reported indicate 
that V. sporaclica inhabits eastern and southeastern Pnerto Rico. 

Ynricclla tercbracforn~is  (Sliuttlewortli) 
(1'1. V, Fig. 4 )  

Glai~d1~1a s~tlcrrloscz S l ~ u t t l c w o r t l ~ ,  ' ' 1)1;1grrosc~11 . . . , ' '  1854, 1).  144. 
(:lcrn tl~iaa sulc,~losa Sl~utt lewort l l ,  D ~ l l  . I I I ~  S impsor~ ,  " 'l'llc h fo l l r l~cn  o f  Ir'orto Rico, " 

1901, p. :%7:%. 
GluntElna tcrrzbracjor?nis Shnt t l ewor t l~ ,  ])all nnd simp sol^, " ' l ' l~c Mollusea o f  Porto Iiico," 

1901, 11. 373. 
Partcclla sulru1o.s~ (5l lut t leworth) ,  Piluhry, Jfanual  of Conchology, 111 (1907)  : 121-22. 
B a i ~ c c l l a  incpressa v:w. tercbrurfot t111.s ( S l ~ u t t l c w o ~ t l ~ ) ,  J'ilsbrp, Manual of Cotlchology, 

19 (1907)  : 119-21. 
Partcello (Vngavnr ix )  s ~ ~ l c z ~ l o s a  ( S l ~ u t t l c w o r t h ) ,  11. B .  Bakcr ,  .Vautilus, 55 (1941)  : 28, 

1'1. 9 ,  Figs. 14-15. 



64 HENRY VAN DER SCIIALIE 

Originally, Shuttleworth (1854: 144) clescribeci two species, Icrebrae- 
f orwzis and s?c.lcltlosa. These werc recogl~izcd as vcry similar, but mere 
separated on the basis of shell sculpture. 111 hi.; list, von Miirtens (1877: 
345) recognized both species. Crosse (1892: 10) fnllowetl S h ~ ~ t t l r w o r t h  in  
separating them as distinct. 111 a monographic treatment of Variccl la ,  
Pilsbry (1907: 119-22) stated: "Frorn a stutly of the specimens before me 
from Haiti, Porto Rico and St.  Tholnas I am disposed to unite G. ferebrne- 
formis  Shuttl. as a synonym or variety, though I have not sern types or 
topotypes of V .  intpressa." Because he had so little material, however, 
Pilsbry also recognized V. sulculosa in  Pnerto Rico. An exalnination of 
inany specimens from this island has shown great variation in shape, size, 
and sculpture, and i t  seems from what evidence is available that 17. terebrae- 
fovnzis and V.  sz~ lcz~ losa  are merely two names for one species. I t  appears 
that the former name has priority over the latter. The relationship between 
this species and related forms in Santo Domingo woulci make a11 interesting 
field for investigation. 

V .  t e r e b r a e f o r n ~ i s  and its forms range ~videly (Map 38) in Pnerto Rico. 

Blauner collected i t  froin Humacao. I t  is very abundant in  the north- 
central pa r t  of the island anlong the haystack knolls of that  region. Appar- 
ently, this species is not partial to the coastal plain limestone, bu t  invades 
the forested region of the Cordillera Central, as well. There seems to be a 
stunting in fornls a t  higher altitucles, where liinestone outcrops are less 
common, but no careful measure of the amount of variation with altitude 
(perhaps moisture variation) has bern measured or demonstrated. Oppor- 
tnnity for studies of this kind is afforded in a region such as one finds across 
the main mountain range when traveling the road from Cayey to Guayama. 
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H. B. Baker has made the followiilg valuable observations with regard 
to  the variation in these forms: 

P. sulc?~losa (Sh.) : ground, frequent, entire island except eastern mountains, 0-3000 
ft . ;  impressed growth-striae exceedingly variable and size quite so; smallest (as small 
as V. distans Pilsbry) and most heavily sculptured in dry places with little cover (ES2) 
bat divergent shells obtained within ghort distances on rocky hills; smoother form 
tdrebraeformis (Sh.) rarely with uniformly whitish shells (PN1, WR2, WS1). 

Laevaricella interruyta (Shuttleworth) 
(Pl. V, Fig. 5 )  

Glandi~ba interrupta Shuttleworth, "Diagnose11 . . . ," 1854, p. 143. 
Glandina interrzcpta Shuttleworth, Dall and Simpson, "The &Iollusca of Porto Rico," 

1901, p. 373. 
Varicella (Laevaricella) interrzcpta (Shuttlcxvorth), Pi lsb~y,  Xanual of Conchology, 

19 (1907) : 126. 
Laevaricella (s.s.) interrlrpta (Shuttlewortl~), H .  B. Baker, Na?~tilus,  55 (1941) : 29, PI. 

2, Figs. 16-17. 

This species seems to be int,ernzediate between L. glabra and V.  porto- 
ricensis i n  the size and shape of its shell and in  the structure of the animal. 
Pilsbry (1907 : 123) created a section Laevaricella for "Varicellas without 

MAP 39. Distribution of Varicella sporadica (circles) and Laevaricella interrupta 
(triangles). 

distinct grooves or striae between the varices. Enibryonic shell pupiform 
(except in V.  g labm)  of 3 to 34 smooth whorls: columella very concave and 
abruptly truncate." H. H .  RnBer (1941b: 29) raised the section name to 
generic status on the basis of ilnatomical differences and stated that "despite 
its geographic propinquity, the genus is very distinct from Varicella." 

Shuttleworth based his description on material collected by Blauner, 
who found L. in terrz~ptu  "rare under fallen leaves near Luqnillo." E. von 
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Martells (1891: 131) reported that Silltenis collected i t  frorn E l  Yunque. 
As shown by the records more recently established (Map 39) this species 
appears to be most common in the inou~itainons regions of t h t a  central par t  
of the island. This range is also given by H. B. Baker: 

Arboreal (Cecropian), rare, El Yunque to Maricao, 2500-3500 ft.; at waterfalls at 
El Yunque; Sierra de Bandera, within 1 mile oP highest point on Ponco to Adjuntas 
(and Jayuya) road (6640, 1809; over 3000; 20) ; collected Aug. 3 and Sept. 6. [Other 
stations are:] Top and west side of ridge south of highest point on road from Adjuntas 
to Ouazas dam (6643, 1809; about 3000; 21) ; collected Sept. 7 . ;  and Ileavier forest 
on ridge between CCC camps Buena Vista and Santana, wcst of Santa A n s  peak (6659, 
1809 ; around 3000; 32). 

Laevavicella glabra (Pfeiffrr) 
(Pl. V, Fig. 7)  

Achatina (Glandina) glabra Pfeiffer, By~nbolae  ad I~ i s to~ ia~ ia  Ileliceortim, I11 (1846) : 
90. 

Glandina glabra Pfeiffer, Dall and Simpson, "The Mollusea of Porto Rico," 1901, p. 374. 
Varicella (Laevaricella) glabra (Pfeiffer), Pilsbry, Manzial of Conchology, 19 (1907) : 

127. 
Laevaricella (Boriquena) glabra (Pfeiffer), W. B. Baker, Nautilus, 55 (1941) : 30, P1. 

1, Fig. 4. 

As formerly conceived, L. glubru was the conlmon, large, elongate, and 
smooth species common to Puerto Rico. Recently, H. B. Baker (1940~:  107) 
by way of an  interpretation of the nomenclature has assigned the name 
L. glabra to a shorter. more rotund forin which is restricted in  its range to 
"the eastern mountailis around E l  Yunque. " This arrangement is being 
followed here. Balrer has several records, and he has stated that  I,. glabra 
is a "very weak climber but lnainly on fallen leaves, infrequeilt, eastern 
mountains, 2000-3000 f t .  . . ." 

IJnc~;ar.icel2a pla!ja 11. H. Tiaker 
(Pl. V, Fig. 6) 

Varicella glabva graczlior Pilsbry, Manual of Conchology, 19 (1907) : 127, P1. 19, Fig. 
37. 

varicella (Laevericella) playa H. B. Baker, Nautilus, 53 (1940) : 107. 
Laevaricella (Boriquena) playa 11. B. Baker, Xautilus, 55 (1941) : 29-30, PI. 2, Figs. 

18-20. 

As previously mentioned, the coinmoll large Laevaricella in  Puerto Rico 
is now recognized under the new name L. playa. Baker (1941b: 29-30) has 
studied this group anatomically and has found sufficient differences between 
the anatomy of this species and the preceding one to state:  "Evidently, 
L. playa is almost sectionally distinct froin L. glabra." 

The pattern of distribution (Map 40) is interesting in  that this species 
seems to inhabit a broad area across the northern coastal plain and foothills 
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MAP 40. Distl.ibutioll of Laevaricella playa. 

with a n  influx of these animals illto the nlountains of the eastern and south- 
central regions. Among a variety of species taken south of San  German in 
the southwestern par t  of the island, there is bu t  a single specimen of L. playa. 

FAMILY HAPLOTREMATIDAE 

Allst rosele~zites concolor (F6russac) 
(Pl. V, Figs. 9a, b, c )  

Helm concolor Fbrussac, Histoire natlirelle des mollusqz~es terrestres, 1821, p. 208, P1. 82, 
Fig. 2. 

Circi?zaria concolor Dall and Simpson, ('The Mollusca of Porto Rieo," 1901, p. 374. 
Haplotrema (Zophos) conoolor (F6russac), H.  B. Baker, Proc. Acad. Nat .  Sci. Phila., 

82 (1930) : 422, PI. 35, Figs. 7-9. 
Altstroselenites (Zophos) concolor (FP~uss:lc) H .  T i .  B:~ker, ATc~?ttillis, 54 (1941) : 132-34, 

P1. 9, Fige. 6, 7. 

A, co?icolor was founcl t o  be coinnion by B l a m e r  around Humacao, 
I~uqnillo,  and San Juan.  He  \\as apparently the first to observe that it was 
ovoviviparous, and he also asserted that  it ilict not produce more than four  
young. H. B. Baker (1941a: 133) reported that  "the uterus in some speci- 
mens contained as many as 7 large, shell-less eggs, i n  others embryos." A 
specimen collected four ltilonleters south of La Muda, November 24, 1940, 
had two young, well-formed shells in its uterus. 

The genus name applied to A. concolor has been changed several times: 
Shuttlewortli applied Hali.r, E. von Martens used Morchia or Moerchia, 
Tryon (1886 : 208) einplo?-ecl Selenites, Dall and Simpson (1901 : 374) 
adopted Circina~ia .  I t  has also been placed in  Zophos and Macrocyclis. 
H .  B. Baker included it in Haplotre??ta and more recently- in  Azcstrosele?tites. 

111 the seventy lots of A. concolur (Map 41) collected in various par ts  of 
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MAP 41. Distribution of A?istroselenites co?~color. 

the island considerable variation was observed in the size and color of the 
individuals, While i t  is true generally that young individuals are black 
and older ones brown, in some groups young specimens are brown. Since 
most of the collections available to me are in small series a statistical analysis 
is not likely to give reliable results. A study designed to correlate the vari- 
ations observed in this species with conditions in its environment might veil 
prove interesting. 

Austrose len i tes  alticola 13. B. Baker 
(Pl. V, Figs. IOU, b )  

Austroselenites (Zophos)  alticola H.  B. Baker, Nauti lus ,  54 (1941) : 135-36, P1. 9, Fig.  
8-12. 

As compared to the previous species, this one is relatively uncommon. 
I t  appears to be restricted to the high mountainous region of the island from 
El Yunque to Maricao. The differences between A. alticola and A, concolor 
have been defined by Baker as folloa7s: 

The difference is in the relatively smaller sutural spiral, bulltier whorls and relatively 
smaller umbilicus of A ,  alticola, when  slaells of the  same diameter are co~npared.  Without 
examination of the animal, young (small) specimens of the two species are very difficult, 
but the large shells of A ,  alticola are  very different from the largo ones of A .  concolor. 
Of course, the principal difference is in the radula. A .  alticola has radular teeth such a s  
have been described in no other pulmonate, outside tho Testacellidae, to  the best of my 
knowledge and belief. 

FAMILY STREPTAXIDAE 

Gulella bicolor (Hutton) 
(Pl .  V, Figs. l l a ,  b )  

Pupa bicolor Huttoa, Journ.  Aaiatic Soc. Beltgal, I11 : 86. 
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Ennea bicolor IIutton, Tryon, Manual of Conchology, 2d ser., 1 (1885) : 104, P1. 19, Figs. 
14, 17, 18; P1. 20, Fig. 24. 

G.ulella bioolor (Hutton), Pilubry, Proc. Acad. Nut. Sci. Phila., 78 (1926) : 98. 

O n l y  a s ingle  specimerl was  collected i n  a smal l  p a r k  in t h e  h e a r t  of t h e  
c i ty  of Guayama.  It is a n o t h e r  in t roduced  species. H. A.  P i l s b r y  ( 1 9 2 6 ~ :  
98) r e p o r t e d  it f r o m  Taboga  I s land ,  P a n a m a  City,  a n d  Ancon,  a n d  s t a t e d :  
"This  small,  toothed oriental-region sna i l  is v e r y  un l ike  a n y  A m e r i c a n  
species. Or ig ina l ly  described from I n d i a ,  it is n o w  widely s p r e a d  in t h e  
t ropics .  It is common a r o u n d  H a v a n a  and w a s  t a k e n  last y e a r  at Manaos,  
Brazil." I n  a recen t  le t ter ,  J. C. B e q n a e r t  k i n d l y  gave  t h e  fol lowing in for -  
illation : 

With regard to  Gulella 6ic~olor Ii'utton, this sl~ould, I believe, be placed in a distinct 
genus Diaphora (originally spelled Diaphera by Albers). I t  is strictly Oriental (with 
nlany species), whereas true Grrlella is African. The occurrence of D. bicolor outside the 
Oriental region is entirely due to transport by man. Our American lots of D. bicolor are 
from Brazil (Manaos), French Guian:l (Cayenne), Trinidad (St. Augustine; Galcota 
Point), St. Thomas, St. Croix (Rustop-Twist; Concordia; Hetl~lehem), Santo Dolningo 
(Puerto Sosua), Cuba (Cardenas; El l'urio; Calt~bazar de Sagun ; Havana), Isle of Pines, 
and South Carolina (Charleston). 

I iecent ly,  C. G. A g n a y o  (1944:  56) gave  addi t iona l  inforinat ion r e g a r d i n g  
i t s  presence i n  Cuba.  

FAMILY POLYGYRIDAE 

Thysa?zopho~a plagioptycha Shuttleworth 
(PI. V, Fig. 12) 

Helix plagioptycka Shuttleworth, "Diagnosen . . . ," 1854, p. 129. 
Zonites plagioptycka Shuttleworth, Tryon, Manual of Conchology, 2d ser., 2 (1886) : 174, 

P1. 53, Fig. 51. 
TlrysanopAora plagioptyclla Shuttlewortl~, Dall and Simpson, "The Mollusca of Porto 

Rico," 1901, p. 379. 

S h u t t l e w o r t h  clescribed T. plagioptycha f r o m  mater ia l  collected b y  
B l a u n e r  i n  eas te rn  P u e r t o  llico. I t  i s  a v e r y  colnmon shell a n d  seems mos t  
p reva len t  a m o n g  t h e  lin~cksto~le o11tcArops of t h e  coastal p l a i n  ( M a p  42). V c r y  
f e w  records  have  bcc.11 establisllc~tl i'or t h e  h i g h  molrlltain reg ion  of t h e  
islantl. In addi t ion  t o  the. statiol~.: given, Blaruiier h a s  a d d e d  F a j a r d o ,  
Ceiba, l t io  Rlanca,  a n d  Hu~rl;rc.r~o, g iv ing  " u n d e r  decayed  wood a n d  below 
stones" a s  i t s  hab i ta t .  T h i s  spt.cies, l ike Pupisonla dioscoricola, w i t h  which  
i t  uhually occurs, is  widesprt.ac1 ill clistribution. It h a s  also been  r e p o r t e d  
f r o ~ n  Flori t la .  P i l sbry  (1920:  95)  lioted t h a t  T .  plugioptycha w a s  estab- 
l ished i n  Venezuela, a n d  Colombia. B o t h  H i n k l e y  a n d  v a n  d e r  Scha l ie  h a v e  
talren it i n  Guatemala.  I n  a review of t h e  g e n u s  Thysanophora  P i l s b r y  
(1926a : 215) briefly summar ized  t h e  d i s t r ibu t ion  of th i s  species as follows : 
" F l o r i d a  a n d  W e s t  I n d i e s  t o  Venezne la ;  Mexico." 

H. B. B a k e r  k i n d l y  gave  t h e  fol lowing in format ion  : 
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When active, this specics is  largely Icsaf-alboreal, al t l~ough i t  aestivates on the 
ground. I t  was not collcc.ted in  semidescrts or richer forests. I suspect tha t  the drouth 
had reduced the liumbers of this species, hut its absence from the richer forests where 
rcpeatcd searches were made for i t  agrees with the hypotl~esis tha t  Lyroconus like Thy -  
sanopl~ora 8.8. is native to the mainland, and 11:~s been introduced into the Antilles. 

JICZPO l ~ i ( l  d a ~ l i l l g t  o ~ l i  Heqnaert and Clencl~ 
(l'l. VI, Fig. 1) 

Mokania darl~rzgtoni Bcquaert and Clnlel~, &fern. sor. ccibana hlst.  nut., 13 (1939) : 283- 
84, PI. 36, Figs. 4-6. 

Mcleanin darli~lgionz Beqtlaert and Clel~cl~,  TI. Ji. Ihkcr ,  A 'a l~ t~ l~ t s ,  54 (1940) : 55-57, 
PI. 4, Figs. 1-4. 

I n  1938, during a n  expedition for the purpose of collecting insects, P. J. 
Darlington, of tlie Muse~u~n of Comparative Zoology, found this striking 
endemic species buried "several inclics deep in a pile of decayed wood 
chips." The collectioii was niade in the Xaricao forest of western Puerto 
Rico, a t  a n  elevatioli of 2500 Pert. Bc,quaert aiid Clencll (1939) described 
this highly characteristic shell as a new genus. H. B. Baker (1940~:  55-57) 
visited the Maricao region, where he managed to get specimens for dissection. 
13akrr's specimens were c.ollec.tri1 "from clor~d zone forest, under decaying 
wood, in Maricao Forest, on nii~in riclgc solrth of Maricuo; also founil under 
tlcad palill lenvrs, on ridgcb \\.(.st of' Ad j rrn t >IS. ' ' 13;lkcr7s tli\sections revealed 
tliztt, although its r a t l~~ la r  clrirrac.tc'rs rrlso eniphaslzed that it should be re- 
tained us a genus: " M c l e a n i c ~  seems fair]! c~losc to typical l'lzysanophora, or, 
a t  least, to the only section (Mtcrocon~r. j)  of wl-hich the anatomy is known." 

Microco~zzts cf. zvillielt~zi (PfeifEer) 
(PI. VI, Figs. 4a, b )  

He1i.r ~ctilhelnii Pfeiffer, Malak.  Blhtt., 13 (1886) : 79. 
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Heltt (Pntttla) u t l l ~ e 1 1 ~ ~  Pfeiffer, Fischer and Ciosse, Misszon scientifique au Mexiqlte, 
AMoll~rscn, 1 (1870) : 230, PI. 10, Figs. 5, 53, 5b. 

ilfrc~oco~~us z o z l h e l i ~ ~ z  (Pfeiffer), H. Strebel and G. Pfeffer, Beztrag . . . mex. Land 21. 

Szrsszi~asso Conch., IV (1880) : 29, P1. 4, Fig. 7. 

This sniall species is placed here with some doubt. A comparison of the 
Puerto Rican material with specimens of Microconzis wilhelmi in  the Uni- 
versity of Michigan collections shows considerable resemblance. Also, the 
original description of M .  puilhclnai rather closely fits the characters of the 
Pnerto Rican specimens. As for the relative position of this genus, a state- 
ment nlaile by Pilsbry (1926~:  81) appears appropriate a t  this time : 

Xicroco?tits Strebel and Pfeffer, based upon the single species Helix wilhelmi Pfr., 
is one of several East Mexican groups of small llelicoids which cannot yet be classified 
definitely. The shell has some resemblance to the Palaearctic genus Pyramihla ( P .  
rupestris), belonging to or near the Pupillidae. It  might, again, prove to be an en- 
dodontid snail, or  it may belong in or near Thysanophora. Until something is knovn of 
the anatomy, I do not see that there is sufficient evidence for  forming an opinion, and 
none is intended by the place here given it. 

As iildicated in the discussion under the previous species, H. B. Baker has 
recently contributed information relating to the anatomy of Microco~zus. 

Three sniall lots of this Mic~oconz l s  mere taken at  the following localities: 
on a limestone knoll about nineteen kilometers northwest of Ponce; near 
caves about three kilometers southwest of Aguas Buenas; and along bank of 
Rio Nabille, nortli of Corozal. 

FAMILY SAGDIDAE 

Y ~ c ~ ~ q u e a  denselirata H. B. Baker 
(Pl. VI, Fig. 5) 

Y~tnqttea de~tsel t rata  H. B. Baker, Nautilus, 54 (1940) : 57-58, P1. 4, Figs. 5-9. 

This small and rare Puerto Rican shell was only recently discovered and 
described by H. B. Baker (1940n: 57-58). H e  has shown that Yunquea, 
although related to Aqzdebana, is generically distinct; the distinctions are 
basecl largely on radnlar and genital differences. As implied by the specific 
name, there is a characteristic sceulpture on the shell which is described by 
Baker but not figured. As a n  aid in identifying the shell, the characteristic 
sculpture i3 sho- \~n in the figure given for this species. The single specin~eu 
taken in my series emphasizes not only the need for  carefully searching for  
the rare P ' u n q f r e c ~  in Puerto Rico, but also that this unique species is not 
confined to the E l  Yunque region of the Luquillo mountain range. The 
speciineil figured in this r ~ p o r t  was taken a t  a n  altitude of not more than 
200 feet in the deilsely wooded region surrounding the caves about three 
kilometer5 ~ 1 1 t h  of Aglias B I I C ~ ~ S  
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,4 q~~oba l za  velutina ( L d a n i a r c k )  

(Pl. VIII,  Fig. 1 )  

Ifcz1r.t vtluttncz Lamarc~k, I l~s tozte  tits ~ ~ L I I L ( Z I ( X  SOILS vcrtibres . . . , V1, Pt .  2 (1882) : 86. 
Hrlc.2: acslutzna Laninrck, Tryon, ilfanuul of ConcI!olo!]!l, 2d s e ~  , 3 (1887) : 100, P1. 2 ,  

Figs. 30-32. 
Tkysunophora velutlna Lamarck, Dall and Simpson, "The Mollusca of Porto Rico," 

1901, p. 380. 
Aquebana velutina (Laniarck), H. B. Balrer, Na~ctzltis, 54 (1940) : 59-GO, P1. 5, Figs. 

15-17. 

Pilsbry ( 1 9 2 6 ~ :  1 1 1 )  f i rs t  proposecl AqltcDir~na as a snbgenus under 
Stcawitas and suggested that the type would be "Helix vel~ctinn Lam. o f  

P fe i f f e r ,  Porto Rico . "  Recently, H. B. Ba l r e r  (19406: 59) raised Aqziebana 
to generic rank. According to Baker's account (1940~:  58) A. veltitina is 
most common along the northeastern shore (n'lal) 43) of the island, but f u t u r e  

studies may add data for  parts o f  the s o u t h e r n  coastal plain which may not 
have been sufficierl t ly explored. Baker has f o u n d  that "this is a burrowing 
species, like Megalomastoma crocelinz in the same habitat. Living animals 
rare, deep in rocl rs ;  dcad she l l s  wcre f r e q u e n t .  Snail rarity p r o b a b l y  due 
to drouth." 

I l yn l osng t l n  .s7rbati1tiln ( S l i u t t l c w o r t l i )  

(Pl .  V I I I ,  Fig. 2)  

Hells subaquila Shuttlewortl~, "Diagnosen . . . ,", 1854, p. 37. 
Helix szcbaquila Tryon, Xanltal of Conchology, 2d scr., 3 (1887) : 98, PI. 19, Fig. 31. 
Thysanophora szrbaquila Shuttleworth, Dall and Simpson, l6  The Mollusca of Porto Rico," 

1901, p. 379. 
Hyalosagda (Microsugda) slibaquila Shuttleworth, H. B. Baker, Nautilus, 54 (1940) : 

60, P1. 5, Fig. 3. 
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r i  1 his is one ol' tile most colrilrlon species in Puerto Rico. I t  i> especially 
p r e v d r l ~ t  along the nortll ant1 south coastal plain (Map 44). Usually, 

I 

Lacteoltc?za seleni~la is assoeiatecl with it. I n  the nlountainous interior, 
however, particularly east of J a p u - a ,  H. subaqzcila is seldom present. I n  
general, i t  inhabits regions having clry limestone outcrops, where i t  may 
occur i n  great numbers. Until recently, the generic position of H. subaqwila 
was uncertain, ba t  H. B. Baker (1940~:  60) dissected specimens taken from 
the canyon of Rio Graude de Arecibo and established i t  as belonging to 
Lacteoluna which he considered a subgenus of Hyalosagda, but which Pilsbry 
(19260 and 1940) regarded as a ~listinct genus. Blau~ie r  (Shnttlewortli, 
1854: 129) found it abundant alonq the eastern coast a t  Luquillo, Fajardo, 
Ceiba, and Humacao. 

I,actc,olulln sc lc~z i~za  (Gould) 
(Pl. VI, Figs. 3a, b )  

Helix uortrx Pfeiffer, Arclrlu f .  n'atzcrg., 1 (1839) : 351, non Linnaeus. 
Helix selenina Gould, Proc. Boston Soc. Nut.  Hist., 3 (1848) : 38. 
ITeEzz vortex Tryon, Manlral o f  Conchology, 2d scr., 3 (1887) : 98, PI. 19, Figs. 25-28. 
Thysanophora vortex Pfeiffer, Dall attd Simpson, "The Moll~~sca of Porto Rico," 1901, 

p. 379. 
Lacteoluna selenina (Gould), Pilsbry, Proc. Acad. Nat .  Sci. Phila., 78 (1926) : 108-9. 
Lacteoluna selenina (Gould), Clench, Hem. soc. cubana hist. nat., 1 2  (1938) : 323. 

To some, this species will be more familiar under the name l'hysu)~opl~op.a 
vortex (Pfeiffer). T11e change was inade by Pilsbry ( 1 9 2 6 ~ :  1940), who 
showed that  Helix vortex Pfeiffer is a homony~n of H.  vortex Linliaeus, so 
that Gould's H. seleni~za should, therefore, be substituted. I n  Puerto Rico 
L. selenina is one of the lllost common and widespread species (Map 45). 
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MAP 45. Distribution of L a c t ~ u l ~ ~ n ~  st lexina. 

Like L. subaquila, it is abundant among the massive limestone outcrops 
along the coastal plain. Sizeable colonies, however, were also observed in 
the more densely wooded regions of the main mountain mass. One of the 
largest colonies taken was on the trunks of banana trees in the Cordillera 
Central south of Cayey. Fresh specimens often have a coating of mud adher- 
ing to their shells arranged so as to give the shell a serrated edge. Few 
records are available for the eastern part of the island, but Blauner (Shut- 
tleworth, 1854 : 128) collected i t  a t  Ceiba and Lnquillo. 

L a c t e o l u ~ z a  Iirllgin~lcc voll Martens 
Helix (Microphysa) krugiana E. von Martens, Jahvb, d. dez~tschen vzalak. Gesellsch., 4 

(1877) : 346, PI. 12, Fig. 4. 
Thysanophora krugiana von Martens, Dall and Simpson, "The Mollusca of Porto Rico," 

1901, p. 379. 

Pln tys t t cc i~ tc~n  p o r t o r i c c . ~ ~ s i s  (Sliuttlewortl~i) 
(PI. VT, Fig. 2) 

Sintpclopsis portorioensis Shuttleworth, " Diagnosen . . . , " 1854, p. 147. 
Simpulopsis portorioensis Shuttleworth, Dnll and Simpson, "The Mollusca of Porto Rico," 

1901, p. 377. 
P2atysuccinea portoricensis Shuttleworth, Pilsbry, Manual of Conchology, 2d ser., 12 

(1899) : 224. 
Platysuccinea portoricensis (Sh~ttle\~orth), H. B. Baker, Nautilus, 54 (1940) : 61-62, 

P1. 5, Figs. 18-20. 

Until recently, this species was placed under Simpulopsis. H. B. Baker 
(1940~: 61-62) studied the anatomy of P. por.toricensis and reported that 
i t  is "an aberrant sagdid and is not related to Simpulopsis." Ecologically, 
he (1940~)  found that "it occurs rarely. deep under rocks, on the lowlands, 
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but is common, on fallen leaves, in the more humid mountains, especially 
under rnderal conditions. " Shuttleworth (1854 : 147), reporting on the 
collections rnilclc by I%launcr, reported it as common on banana leaves in  the 
Luquillo Mountains. The tendency for P. portorice?tsis to appear in the 
higher and wetter uplands is clearly shown by the distribution records 
(Map 46).  It was not comlnon on the coastal plain, and where i t  was taken 

I 

MAP 46. Distribution of Platyszcccinea portoricensis. 

in  the lowlands the colonies were represented by fa r  fewer specimens than 
those which were in  the high forested regions. Baker stated: 

In  the lowlands, P. portoricensis lives deep in  rock talus and so is  easily missed. 
Like Zo?~itoides arboreus, it seems to flourish in acid (rotten) places. I also should have 
said ' I t  was found locally.' I n  one place near sea level (Old Loiza), where I was digging 
out quite a large area to get  living animals of Aquebana velutina, it was fairly frequent, 
1-3 feet below the surface. 

FAMILY CAMAENIDAE 

Pleurodor~tc  nznrginella (Gmelin) 
(Pl. VI ,  Fig. 6)  

H e l ~ x  murginclla Gmolin, ~ l iu t t lowort l~ ,  "Diagi~oseli . . . ," 1854, p. 134. 
l l c z l i c  (Carocolln) ?t~ar(l?nrlln G I ~ ( ~ I I I I ,  \.oI) 3Inl . t (>11a,  Julrrb. tl. deutschen malak. Gesellscl~., 

4 (1877)  : 348. 

This species has been callctl 1'. Oor)lti, but rnore recently there seems to 
be some agreement that the specinicns in Puerto Rico should be considered as 
listed above. Puerto Rican speei~iieiis are particularly common (Map 47) 
along the entire coastal plain arid foothill sections of the northern half of the 
island. A few records have been established along the southern coastal 
plain, but P. nzarginslla has not been taken in the higher mountainous 
interior of the island. The largest colollies are generally on the bark of the 
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MAP 47. Distributiou of Pleic,-odorrfc ir~c~rgrrrrlla ( c i ~ c l e s )  and l'ol!ldo?ztes luquil- 
levtsis (triangles). 

trunk and lower branches of trees. The "flamboyant" tree (Poinciana 
r eg ia ) ,  which has been planted along the principal highways throughout the 
island, harbors many flourishing colonies of this snail. 

Both Thomas Bland (1875 : 80) and von Martens (1877 : 349) reported 
specimens of P. margi~zella devoid of the characteristic dark color band of this 
species. The former observed this in a speci~nen from the region of San Juan, 
and the latter reported that the "white" specimen he saw came from the prov- 
ince of Mayaguez. I11 my collections there is an albino from a haystack knoll 
about five kilometers southeast of Vega Baja. H. B. Baker stated: "Have 
shells from living animals which are as close to white (albino) as the shell 
can get; actually sort of pale greenish." Apparently, the bandless form 
appears among colonies in ail independent way and can be considered as of 
relatively rare occurrence. 

Additional records extending the range southeastward and southwest- 
ward are given by H. B. Baker as follolvs: Point Barrancas near Fajardo, 
a few colonies near Humacao, near Guanica Harbor on the south shore 
(dead shells only), a form "with broader dark band" at  the southeast side 
of Moiltoso (west of Mayaguez), south of the tou7n of Cabo Rojo, and at  
Mayaguez. According to these records and those of voii Martens for Las 
Marias P. nlarginella is distributed almost completely around the island 
along the coastal plain, leaving only the region on the plain between Coamo 
and Humacao to be examined for the presence of this species. 

P l e ~ ~ ~ o d o ~ z t e  carocolln (Tlinnaeus) 
(PI. VI, Fig.  7)  

Helix carocolla Linnaeus, Systema naturae, ed. 10, 1758,  p. 769; Martini and Chemnitz, 
Systematbches Conchylien Cabinet, 9 :  95, PI. 125, Figs. 1090-91. 
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Pleltrodonte carocolla Linnaeus, Dall and Simpson, "The Mollusca of Porto Rico," 1901, 
p. 380. 

This is one of the largest land shells in Puerto Rico, although Polydontes 
acutunguln represents far  the larger animal. I t  is widely scattered through- 
out the island (Map 48). In  addition to the records established, H .  B. 

MAP 48. Distl.ibntio~l o f  I'leztrodonte carocolla. 

Baker has recently collected P. carocolla from the region southeast of Hu- 
macao. My records are sparse along the west coast, but Gundlach (von 
Martens, 1877: 348) collected P. carocolla a t  Aguadilla and Las Marias. 
I t  was most comnion in trees of the wet tropical forest a t  El Yunque, where 
it was the most abundant member among species of this genus. Along the 
dry, haystack knolls of the northern coast, P. carocolla was usually buried 
or moving (in \vet weather) among the decayed leaves and stones on the 
slopes. 

Some 313 specimeils from various parts of the island were measured in 
ail effort to establish whether P. carocolla varied consistently in certain zones 
of its range. There was a rather wide variation in size; diameters varied 
from 42 mm. to 59 mm. with the bulk of the specimens grouped between 44 
and 55 mm. There was practically no consistent stunting correlated with 
altitude; a series of specimens from the coastal plain near Loiza was about 
the same in size as n similar series from a higher, wetter habitat a t  El 
Ynnque. 

Yol?jdontes Lima (FBrussac) 
(PI. VI, Fig. 8) 

Helix (Helicogena) lima F(.russac, Tablemtx . . . mollusques . . . Prodrome, 1821, p. 81; 
P1. 46, Figs. 1, 2. 

Plevrodonte lima FBrusaae, Dall and Simpson, "The Mollusca of Porto Rico," 1901, p. 381. 
Polydontes lima FBrussac, Clench, Mem. sac. cubana hist. nat., 14 (1940): 243, P1. 4E, 

Fig. 6. 
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Of the larger forms in Puerto Rico, P. limu is one of the most abundant 
and widespread (Map 49). The animals are usually on the trunks and 
branches of trees, where large series often live close together. Althougll 
this species is more common a t  the lower elevations throughout the island, 
it is, nevertheless, well represented a t  higher altitudes in the interior 
mountain mass. I n  more elevated areas, the specimens are usually small, 
aiid with a smaller size there is a corresponding reduction in their granular 
sculpture. As a result, the roughly sculptured and larger iildividuals of 
the coastal plain become the stunted and finely granular specimens of the 
higher mountainous regions. In  order to make this transition graphic 

MAP 49. Distributioii of Polydontes li~lza. 

Table IV and Figure 4 portray the measuremenw of 1280 specimens. The 
localities have been grouped roughly into four major categories according 
to approximate elevations. Table IV and Figure 4 illustrate the trend 
toward stunting in the nioui~tainlous interior. For example, if one com- 
pares the peaks in the curves for specimens taken a t  the lowest elevations, 
0 to 49 feet, i t  will be seen that the bulk of the population has a maximum 
diameter of 26 mm. The corresponding measurement for specimens taken 
a t  the highest altitudes, 1500 feet 01- over, is nearer 23 mm. Successive series 
measured fall a t  points intermediate, indicating that the transition is grad- 
ual from lower to higher elevations. The mean curve (Fig. 4) for all of 
the groups is the usual bell curve of normal disrribution. I n  this connection, 
it should be emphasized that the small, stunted individuals are not restricted 
to the higher parts of the island. Figure 4 and Table IV show that small 
finely granular specimens are also in colonies that have the large and coarsely 
reticulate specimens. I t  should be noted, however, that the large and 
coarsely sculptured specimens are uncommon a t  high elevations. 

These measurable clifferences in size and sculptnre of P. lima have given 
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l<'l(?. 4. I1a~c.d on Table 1Y .I tIcc~rc:~uo in size of sl>ccinielis of Pol !~don tes  l i n ~ a  is  
c o ~ r c l : ~ t c ~ l  wit11 increased land e l c \ : r t ~ o ~ ~ .  Figures along the abscissa or base are a direct 
nlaxi~r~rru~ (1i:~mcter mcasurenle~it :11111 the peaks lrlove from left t o  right. 

rise to considerable confusion in the taxonomy of this variable group. The 
smaller, somewhat stunted and finely granular or reticulate forms have the 
name cast rens is ,  which is considered by Pilsbry (1889: 59) as a variety of 
P. l i m a ;  Crcsse (1892: 17), followed by Dall and Simpson (1901 : 381), gave 
specific rank to P. cast rens is .  

I n  this connection, i t  was of some interest to find that in a lot of 113 
specimens from Juncos there were thirty-seven specimens that were com- 

pletery devoid of granular sculpture, whereas the remaining seventy-six had 
the sculpture well developed. Such a proportion in a random sample sug- 
gests that the presence of sculpture may well be determined as an heredi- 
tary factor which behaves according to a Mendelian ratio. The relative 
significance of the presence or absence of sculpture is certainly not well 
established, but this instance suggests that breeding experiments with forms 

3 0 I I I 1 I I 

, ' 
I I 
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of tllis type could give valuable information as to the relative value of this 
character in the taxonomy of the P. l ~ m a  group. 

Two other names which have been applied to species closely related to 
P. lrma are P. incerlu (Ferussac) and P. nlaricao Clench. The former is, 
according to Pilsbry (1889: 58), more cominon to the Virgin Islands. J u s t  
what the relations of ~ n c e r l ( ~  and lt7lza are 1s tl~fficult to determ~ne. The 
several diagnostic chilri~cters giver1 to differentiate 1t1certa from lznta hardly 
semi significant ei1ong11 to warrar~t  R tllstinct species. Yet, a comparative 
study of series from tllr Virgin Islaiicls n ~ t l ~  scr~ec of specimens of lln~ts 
f r o n ~  f ' l ~ c ~ t o  IZico inilj- provc i~ f n ~ i t f ~ i l  c~~~t le i~vor .  H R. Baker (1924: 108) 
st:) t ~ t l  : " F i ~ ~ a l l y ,  i f '  l+'C~.l~hsac's variety (not P /!,?I(! ') require.; a nttnle it mu\t 

'l'Al%l,I< IT 

I ' I C I ~ ~ ~ F , N ~ I ~ I \ O I ~ :  I)TS'I'I{II)LI~'ION B'OIC COI,I,F:C'L.IONS OF I'ol~/tlo~rtc,s li?nn 
Al:tdc ill E'oerto R i r o  according t o  el(,\-ntioi~s. 

~ - -~ -- - 
~- ~ .. 

~ - ---  . .. -- - - .- 

Totals 

1~ c.all(.tl Plor~otlo11 tc' I 11c.c.rlt1 tr.st)c r~rltr (13t~~l i ) .  'l'his form is r l o w  known to 
occur in Porto Rieo." The latter, P. nznricao, represents the stnnted, finely 
granular forrn of P. liwa from the high elevations i n  Puerto Rico. There 
is a gradual series of forms tha t  bridges the gap between P. lima of the low- 
lanils nncl P. ntavrctlo of the n~ountains. If namcs are used to  differentiate 
extremes of this sort, they are  l ~ e r e  available. Whether P. maricao is a 
species, a subspecies, or merely a n  ecological form remains to be p r o ~ e d .  
To jntlge from Figure 4 il11d Table TV. I am iiicli~~ecl to feel that it sl~ould 
rank as an  ecological form. 

l'ol?jdo~atc.s clc~tta+zgzrln (Burrow) 
(PI. VI, Fig. 10)  

f l c l ~ r  a c ~ r t n n g ~ r l a  Bnrro\v, I$lc?~icnts o f  Co~zclioTogi/. 1815, pp. 182, 248. 
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Helix angz~lata Fdrussac, Tc~bleuux . . . nzol11i.sq~ecs . . . Pt'otlron~e, 1821, p. 36, (~~onben 
nudum) . 

Pleurodonte (Polydontes) angulata F6rr1ssac, Dall and Simpson, "Tlie Mollusca of Porto 
Rico,' ' 1901, p. 381. 

Plez~rodonte acutangula (Burrow), Vanatta, Nautilus, 24 (1910) : 138. 

This species was formerly refel~ecl to as Plcurodonte angula fa  (FCr- 
ussac). I n  1911, E. O. Vanatta (1911: 138) showed that P. angulata of 
E7t:russac was a preoccupied name and hence could not be used for this shell 
from Puerto Rico. As has been stated by Crosse (1892 : 19), this species is 
very striking in appearance. The animal greatly exceeds the size of its 
shell, and the yellowish tinge of the exposed body with the black coloration 
of its head and often with a bright reddish orange border around the foot 
adds much to make this species strikingly different from others in  its native 
haunts. My records (Map 50) emphasize von Martens' (1877 : 348) observa- 

Map 50. Distribution of Pol!/dontes ac'ritangula. 

tion that r3. acutangula inhabits mainly the interior of the eastern half of 
the island. Recently, H. B. Baker added several records worthy of note: 
two miles south of Old Loiza; southeast of Humacao; limestone hill south- 
west of San Juan  ; ten miles south of Arecibo ; and summit of Sierra Morales, 
south of Jayuya. I n  life P. acutangula is arboreal and is most commonly 
on the branches and leaves of trees in the more wooded parts of the tropical 
rain forest. I n  this connection, i t  may be of interest to add that during a 
dry period in the E l  Yunque region P .  acutangula was collected from the 
trees, although not in evidence there. An examination of the arboreal 
bromeliads showed that this species, as well as other members of the Poly- 
dontes genus living with i t  in such a forest, goes into the water-filled bracts 
during drought periods. With the adults, eggs and recently hatched young 
were secured at  the base of these leaves. Baker found that i t  also aestivates 
in dead Cecropia leaves above the ground. 
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Almost all the specimens taken in Puerto Rico had the typical acutely 
angled whorl. Anzong five specimens collected near the caves at  Aguas 
Buenas there was one which after an injury continued to grow a final whorl 
that mas decitiedly rounded rather than angulate. 

Polydontcs Zuqu,ille~zsi+s ( Sliubtlewol*th) 
(Pl.  VI, Fig. 9 )  

Hel ix  l~tqui l le~zsis  Si iu t t lc~r~o~. t l~ ,  "Diagnosen . . . , 7854, 1). 132. 
Pleurodotzte 11tq?~illensis Shuttleworth, Dall and Siinpson, "The i\4ollusca of Porto Rico," 

1901, p. 381. 

This species, as implied in its name, has not been found anywhere in 
Puerto Rico except in the Luquillo Mountains of the extreme eastern end 
of the island (Map 47). It is truly a mountain form and seems to be re- 
stricted to life on branches and leaves of trees in the high tropical rain forest. 
Of the three large species of this group (P.  carocollw, P. acutangula, and 
P. luqls~llenszs) cominoiily in tllc h1gh.r niounta~ii mass around El  Yunque, 
both P. luquillensis and P. acutangula are comparatively scarce. A fine 
series was taken during an unusual dry period from the bracts of bromeliads 
in palm trees, in which the animals had concentrated to withstand the dry 
conditions. As a rule, howcvc.r, the rain forest of that vicinity is very wet, 
and it is difficult to find s],ec,~tnens of P. I~iq~rille~zsrs moving abont actively 
on the  vegetation. 

Znclr,t.ysicc nliricont,a lrnz~anor~sis Pilsbry 
(1'1. V I ,  Fig. 11)  

Zachvysiu alrrico~taa 1~uz;ai tc~~sis  I>ilsbry, Proc. d c a d .  .h7(rt. A"ci. I'hila., 78 (1926) : 76, and 
footnote, p. 77. 

Zachv?ysin, aurico?tia I~auanc?zsi.s F'ilshry, I'1.o~. d!.c~tl. Sat. Sci .  Phila., 80 (1928) : 601. 

So far  as can be determined, this is the first time Zachrysia has been 
recorded from Puerto Rico. Pilsbry (1928: 581-606) made a careful study 
of this genus, and from his paper the following pertinent infornlatioii has 
been taken. Originally, species belonging to this genus were conimon and 
conspicious snails all over Cuba. Of the several species, Z. auricoma and 
its subspecies I~avanensis seem to be the exception to the rule that most 
Zaclzrysia in Cuba live in humid forests. Pilsbry (1928 : 583) stated : 

[ Z .  ccuvicoiria] often lives in country nearly rainless for  periods of some niontlis, in 
places with lit,tle shade, sucli as  loosc stone walls around gardens or fields; t l ~ o u g l ~  the 
slladed slopes of hills or mnjiotcs in the low cornitry sccrn to be i ts  favorite resorts. The 
11zrd C : I ~ C I L ~ C O I I R  epip11r:lgin of' this snail 1)1~01):~I:ly :~d:ll)ts i t  to  wit1istand d c ~ i c ~ n t i o n  
I)ott,er t,l1:111 0111rr s1)ceies. 

One coul(1 hardly find a better description for the conditions prevailing 
where this species was taken in Puerto Rico. The distribution records (Map 
27) show that in this island i t  is confined to the small, often exceedingly dry 
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haystack knolls that jut out of the coastal plain on the north coast between 
Arecibo and Toa Alta. The plain surronnding these knolls is heavily cul- 
tivated for growing sugar cane, pineapple, and in some places'citrous fruits. 
In several instances the aestivating snails were in the soil among the dry 
limestone rocks at the base of these knolls. At  one station a series of Zachry- 
sia was found buried in the soil along a fence several hundred yards from 
such a knoll. It is very likely that this species has been introduced into 
Puerto Rico within a comparatively recent time. So large a snail would 
certainly have been discovered by the several naturalists who formerly col- 
lected in Puerto Rico. Also, Pilsbry (1926~: 76) reported that this same 
species was introduced from Cuba into Panama; Clench (1938b: 330) re- 
ported a related form, Zachrysia provisoria (Pfeiffer), from several of the 
Bahama Islands. Clench stated: "It has so far  only advanced in the im- 
mediate vicinity of settlements. Another form (2. havanensis) has been 
introduced in Panama and Yucatan, both forms appear to colonize new 
territory readily." Bequaert and Clench (1936 : 64) also reported i t  as 
introduced into the Yucatan region of Mexico. 

FAMILY CEPOLIDAE 

Cepolis ~~azcsicola (Shuttleworth) 
(F'l. VI, Fig. 12) 

Hclix musicola Shuttlemorth, ' lDiagnosen . . . ," 1854, p. 130. 
Helix nz7isicc~la Shuttlemorth, Tryon, Nanzcal of Co?~c11010gy, 2d ser., 3 (1887) : 97, PI. 8, 

Fig. 66. 
Thysanoplbora musicola Shuttleworth, Dall and Simpson, l '  The Mollusea of Porto Rico," 

1901, p. 379. 
Cepolis (Hemitrochus) musicola (Shuttleworth) H. B. Baker, Nautilus, 56 (1943) : 82. 
Cepolis (Euclastaria) mzrsicola (Shuttleworth) 11. B. Balier, Nautilus, 56 (1943) : 85. 

Originally, Shuttleworth (1854: 130-31) described two species, Helix 
cz~clasta and Helix mz~sicola, the type of ?nzuicola being from Puerto Rico, and 
the type of euclasta from St. Thomas. A variety of H. euclasta, supposedly 
not typical, was reported by him from the region of Ponce in Puerto Rico. 
Although i t  will be necessary to make a more careful study of this matter, 
using the type material for reference, it did not seem from the series I tool< 
in Puerto Rico that C. musicola and C. euclasta, assuming that a form of 
C .  euclasta occurs on the island, could be separated one from the other. 
Consequently, both species are considered here as one. The form which 
approaches C. musicola as that species is defined, that is, a form smaller in  
size with heavy growth ridges, seems most prevalent in the wet, vegetation- 
covered limestone outcrops of the uplands. This more or less typical C. 
musicola form was also found in less disturbed parts of the lowland. Along 
the drier parts of the coastal plain the larger form with a smoother surface 
occurs, which may be referred to C. euclasta. 
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For the present, i t  seems best to present these two nominal species nnder 
a single heading because the separation made has been a somewhat meclian- 
ical one with considerable doubt as to whether some. specimens should right- 
fully be grouped with one or the other. If one has typical forms, the 
problem is not so great, but on the coastal plain there are intergradations 
which could be carefully analyzed, perhaps anatomically as well as ecolog- 
ically, to test whether there are actually one or two species involved. Since 
C. euclasta, if i t  is a genuine species, occupies the coastal fringe of the north 
and south coastal plain, there is a possibility that C. rnusicola must be con- 
sidered the normal phase in Puerto Rico with C. euclasta as a form of it. 
My records (Map 51), however, show few collections for the east end of 

the island. The type of C. mu.sicola was taken b y  Blauner from Luquillo, 
and the forms are widely distributed throughout the island. It is interesting 
to note that E. von Martens (1877: 347) referred coastal plain forms from 
Aguadilla and Quebradillas to IZelix mz~sicola rather than to H. euclasta, 
placing the latter in his list of species not found in Puerto Rico by Gund- 
lach. Baker (in notes a t  hand) gave the following ecological data: "Ground 
and weak climber, under leaves and roclrs, widely distributed, 0-3000 ft." 

Cepolis squarnosa (F61.ussac) 
(Pl. VI, Fig. 13) 

Helix sqqmmosa Fbrussae, Tableaux . . . ?)~oll~~sqtit-s . . . Prodlome, 1821, p. 36; P1. 41, 
Fig. 3. 

Cepolis squamosa Pilsbry, Manual of Conchology, Pd scr., 5 (1889) : 95, P1. 56, Figs. 20-22. 
Cepolis squaqnosa Shuttleworth, Dall and Sinipson, ' ' The Mollusea of Porto Rico, ' ' 1901, 

p. 380. 
Cepolis (Bellacepolis) sqlcalrlosa (Fkrussac) H. B. Baker, Nautilus, 56 (1943) : 82, 86. 
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This is a relatively rare species in Puerto Rico. Most of the colonies 
(Map 52) were taken along the northern coastal plain and the foothills j ~ ~ s t  
sonth of it. It was never seen in the Cordillera Central. Blauner (Shuttle- 
worth, 1854: 135) found i t  to be rare near Luquillo, which is farther east 
than Map 52 indicates, but still shows the species as inhabiting the northern 

I I 

L I 

Mar 52. Distribution of Cepolis sclzra?ilosa. 

coastal plain. E. von Martens (1877 : 348) called attention to the fact that 
Stahl, Krug, Mauge, and Moritz all reported C. squamosa from Puerto Rico, 
but none of them gave exact locality data. Moritz, however, mentioned 
that his specimens were taken from beneath bark of trees. Blauner collected 
C. squamosa around banana trees under dead leaves. My best series (not 
alive) was taken among leaf mold and debris in a large crevice of a limestone 
cliff near the Guajataca forestry station some seventeen kilometers up the 
canyon of Rio Grande de Arecibo. H. B. Baker (1943~: 86-87) described 
the anatomy of a specimen and stated: 

One adult animal was collected September 2, a f ter  a search of almost a month, in 
dead Cecropia leaves caught in the crotch of a small tree, about five feet  up, near Old 
Loiza (ENl), Puerto Rico. [Other records are:] Very dry hills near Pt. Barrancas; 
dryis11 to  rather heavy woods on linlestone hills about 2 miles south of Catafio; about 10 
miles south of Arecibo in rich brush on little limestone knobs between road and west bank 
of Rio Grande de Arecibo; and same rcgion but in rich ~voods a t  base of cliffs beyond 
east bank of Rio Grande de Arecibo. 

Cepolis boriqu,e.nae H. R. Baker 
(1'1. VT, Fig. 14) 

Cepolis (Plagioptycha) boriquenac 11. R. Baker, Nautilus, 53 (1940) : 107. 
Cupolis (Lrvrccpolin) boriqzicni 11. 13. Baker, Nautilus, 56 (1943) : 82. 
Cepolis (Levicepolis) boriq~ievlae II. 13. Bnlter, Nautil~rs, 56 (1943) : 88. 

Recently, H. B. Baker (1940n: 107) gave the name C .  boriqzcenae to 
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specimens from Puerto Rico which previously had been called C. diaphana. 
This species appears to be most common throughout the eastern half of the 
island (Map 53) with an extension of its range along the northern coastal 
r ---- - 

- . -- 

plain. Blauner (Shuttleworth, 1854: 132) collected i t  a t  Humacao and 
Rio Blanco. Although C. boriquenae is much more common among lime- 
stone outcrops of the lower parts of the island it does inhabit the mountain- 
ous regions as well. H.  'B. Baker ( 1 9 4 3 ~ :  88) collectetl specimens used for 
dissection "mainly in dead Cecropia leaves caught in vines, and shrubs, in 
the canyon of Rio Grande de Arecibo (PNl ) ,  Puerto Rico." Additional 
records given by Baker are "dryish hills on third line of hills, about two 
miles south of Old Loiza; southcast of Hus~lacao; 2 mi. south of Cataiio; 
south of Palo Seco ; top and southeast side of Montoso." 

Gcpolis der~qzati~za (Shuttleworth) 
(1'1. VJ, Fig. 15) 

Htlrx del-matzna Sh~~ttleworth, "Diagnos~n . . . ," 1854, p 133. 
Ccpolzs rler?t~atina 'I'ryon, J fa? fuc~l  of Concllology, tlil SOI.,  5 (1889) : 50, P1. 10, Fig. 93. 
Cepolzs dcrnlatina Shilttlr~\ o~ tll, 13:111 and  S l~npson ,  " 'l'hc Mollusea of Por to  liico, ' ' 1901, 

p. 380. 
Cepolzs (Jeannerr i za?)  t icrn~altna (Sliuttlenortli), I1 B. Baker, Nauttl?ls, 56 (1943) : 88. 

I n  contrast to C .  b o ~ i q ~ i e n a c  this species is mainly western in its distri- 
bution (Map 54). Shuttleworth's type, however, was collected by Rlauner 
from banana trees in the region of Luquillo. It is far  more common in the 
higher mountainolls regions than on the coastal plain. A species, C. angtili- 
fera, described by von Martens (1877: 347) seems to be a synonym of C. 
dernzatinn, but the type has not been seen, which makes i t  difficult to ap- 
preciate fully just what i t  was that von Martens described. His figure 
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agrees with specimens of C. dermatina taken in extreme western Puerto 
Rico, but not with Shuttleworth's description, based on shells from Luquillo. 
There is a possibility that C. angulifera may eventually be established as a 
subspecies. H. B. Baker ( 1 9 4 3 ~ :  88) also found this species "in dead 
Cecropia leaves caught in vines and trees, near Adjuntas (PR-4), Puerto 
Rico." Additional records are given by Baker for the species: "Damp 
rain-forests of main range, between Arecibo and Ponce; old coffee with 
I 1 

MAP 54. Distribution of Cepolis dc~n~at ina .  

brush, about 1 mile from Adjuntas towards Guazas dam." For the sub- 
species he listed: "Near west end of Sierra Calderon; sparse woods in  coffee, 
top and southeast side of Montoso; heavier forest west of Santa Ana peak." 

FAMILY BULIMULIDAE 

Bulinzzrlus en;ilis (Gmelin) 
(Pl. VII, Figs. la, b, c, d )  

Helix exilis Gmelin, Systerna naturae, 1792, p. 3668. 
Bzrli?tzulz~s exilis Gmelin, Dall and Simpson, "The Molluscn of Porto Rico," 1901, p. 378. 

With Subulina octona, B. cxilis is perhaps one of the most adaptable spe- 
cies in Puerto Rico. Like S. octona, i t  seems to thrive particularly where 
human activities have eliminated other less tolerant forms. It was always 
of considerable interest to find B. exilis in conspicuous places aestivating on 
the walls of prominent public bnildings and homes. I t  was also a common 
snail among the dead leaves and shrubs of the public parks. Map 55 in- 
dicates that the species is widely distributed on the island. Curiously, 
forested regions of the uplands that are not subject to cultivation, such as 
El  Yunque, do not yield this otherwise common snail. 

Perhaps because of its presence jn many and varied environments, B. 
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exilis has proven almost as variable as thc situaticsns under which it lives. 
Ordinarily, specimens vary from a plain white, grayish, or light brown to 
forms which have single, double, or triple dark brown bands. The banded 
forms, a t  times, are almost completely brown or black. A variety eyriesii  
(Drouet) is recognized for specimens which are supposedly a light uniform 
white or brown and are more colloid and thinner than is typical B. exilis. 
Every possible intergradation appears, and i t  seems most unnatural to 
separate mechanically these varied forms to satisfy an unreasonable scheme 
in taxonomy. If there are any basic reasons for separating subspecies 
among these variables, the widely tolerant B. exilis might lend itself ad- 
vantageously to experimental breeding to determine the relative static value 
of the characters which now seem unstable. Among thousands of specimens 

taken from the lower sides of large slabs of limestone in a cultivated plot 
north of Morovis, a single scalariform specimen (Fig. 10)  was collected. 
Although a careful search was made for more anomalous specimens, no 
others were found. 

Rulinzzdzcs iliupljun zcs (Pfei ffcr ) 
Buli~nus diaphanlcs Pfeiffur, Proc. Zool. Soc., 1854, p. 125. 
B~tlimulrts diaphanl~s Pfciffvl., Ilall and  S ~ I I I ~ H O I I ,  ' "l'l~r Molluscs of Polto Rico," 1901, 

p. 378. 

Buli,~nzelus f.ratc,rculus (F6russac) 
Helix (Cochlogena) frntrrcitlits Z76russac, Tablenuz . . . ?tsol l~rsq~c~.s  . . . Prodro?ue, 

1821, p. 395. 
Bztlirnzis Fraterculus Shuttleworth, "Diagnosen . . . , " 1854, p. 137. 
Bulimullts f~aterculus  Crosse, Journ. de conclb?yl., 40 (1892) : '73. 
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Bul i~nus  (Eudiopttts) psidii E. von Martens, Jal~rb .  d. detctscl~en ? ~ ~ a l a t .  Gesellsch., 4 
(1877) : 351, P1. 12, Fig. 6. 

Si?npz~lopsis psidii E. von Martens, Dall and Sin~pson, "The Mollusca of Porto Rico," 
1901, p. 377. 

Dry?naeus virgulatus (FQrussac) 
(Pl. VIII ,  Fig. 3)  

Helix (Cochlogena) vzrgulata F4russac, Tableaux . . . ~nollusques . . . P~odronte,  No. 
396 (1822) : 54. 

Bulimulus virgulatus F6russac, von Martens, Jahrb. d.  deutschen ntalcsk. Gesellsc7~., 4 
(1877) : 350. 

ITelzx elongata Bolten, Museum Boltenlanu~n, 1st ed., 1798, p. 107. 
Drymaeus elongatus (Bolten), Pilsbry, Nanual o f  Concl~ology, 2d ser., 1 2  (1899) : 23-27. 
2)ryrnaetts elongatas Bolten, Dall .lild S ~ ~ I ~ I S O I I ,  "The Mollusca of Porto Rico," 1901, 

p. 379. 

I n  Puerto Rieo, D. virgulatus is relatively local. Only six lots were 
taken (Map 56), and these were largely confined to the fringe of the island 

around the coastttl plain. The lot taken south of Ciales contains but a 
single specimen, which appears weathered enough to approach the fossil 
state. A great deal of color variation was found among the other lots. In  
this connection, Tryon (1899 : 26) stated: "None of the patterns of coloring 
seem to be constant or sharply restricted geographically, although frequently 
the specimens from one special locality are alike. Thus of 34 specimens 
from Porto Rico there are 7 uniform white, 5 red, 2 red with bands, 5 whitish 
with interrupted bands, 10 with narrow streaks, and the rest various transi- 
tions." E. von Martens (1877: 350) reporting on Gundlach's collection 
gave a number of specific localities which may well be added to those col- 
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lected recently. He, too, noted that this species inhabited coastal regions 
such as "Manati, Arecibo, Quebradillas, Guanica (in the south) and in the 
intc.rior around Utuado." In  these series, von lMurtens also noted a wide 
vari;~tion in color. With regard to the two lots talren son-~ewhere in the 
interior, reported by von Martens from Utuado and on the accompanying 
inap a s  l'roin Cialcs, it should bc pointed out that at  both stations a. broad 
river flood plain sweeps into the interior, so that i t  is possible that these 
colonies are established on a natural extension of the coastal plain. A t  the 
extreme eastern end of the island Blauner (Shuttleworth, 1854: 136) found 
D. vil-gzrlatus rarely near the coasti~l towns of Fajardo and Ceiba. H. B. 
Balcer (1924: 80-85) gave an interesting account of the variation of this 
species as i t  occurs in the Dutch Leeward Islands. This snail is apparently 
arboreal i11 its habits, living on the branches and trunks of thc larger trees. 

Drymaez~s liliaceus (F6russac) 
(PI. VIII,  Fig. 4) 

Helm (Cocl~logena) lilzacta Fi.russae, Tableaux . . . ~nollusques . . . Prodrome, 1821, 
p. 54, PI. 142I3, Fig. 11. 

Urymaeus lzliaceus (1~'Crussae) Pilsbry, Manual of Conc.lzolog~, 2d ser., 12 (189:)) : 10-11. 
Drymaeus liliacezis l%russnc, Dall and Simpson, " The iITollusea of P o l  to  Rico, " 1901, 

p. 379. 

This beautiful, white snail was relatively local in its occurrence in Puerto 
Rico. The finest series were collected in the vicinity of Morovis, where 
spccirnens were gathered lligll ng on the hr;~nches of a tree, presumably the 
"Maga" tree (Thespesia grandiflora F. DC., according to Urban's Plora 
Portoricensis). To judge from the limited work recently accomplished, this 
species is mostly in the north-central limestone region of the northern coastal 
plain and in a similar area of the southwestern coastal plain. Earlier rec- 
I - 

I 
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ords extend its distribution to include the eas tqp  plain (Las Piedras and 
Humacao, taken by Blauner) and the northwestern region (Utuado and 
Quebradillas, taken by Gundlach). The arboreal habits of D. liliaceus may 
be responsible for the scattering of the records which are a t  present avail- 
able. Perhaps, with better knowledge of its normal habitat, there will be a 
better appreciation of the limiting factors in its distribution. I t  does seem 
certain, however, that the species is not usually i11 forested regions a t  high 
altitudes. The regions indicated for its range (Map 57) are ones which 
possess an ample supply of outcropping limestone. 

D ~ y m a e u s  h j a l m a r s o f ~ i  (Pfeiffer) 
Rulimus l~jalmarsoni Pfeiffer, Xalak. Blatt., 3 (1856) : 51 (unfigured). 
Dri/maezis hjal?narsoni (Pfeiffer), Pi1sb1;)-, Manual of Co?zcllology, 2d ser., 1 2  (1899) : 

7-8. 
Drymae~ts hjalmarsont Pfeiffer, Dall and Simpson, "Tlie 3Iollusca of Porto Rico," 1901, 

p. 378. 

Gaeotis +zigroli~zeata Shuttletvorth 
(Pl. VIII, Fig. 5) 

Gaeotls ?~~grollneata Sliuttleworth, "Dingnosen . . . ," 1864, p. 137. 
Gaeotis pavolineata Shuttleworth, Dall mid Simpson "The Jlollusca of Porto Rico," 

1901, p. 377. 

il single specimen was taken on a bridge along the road approaching 
E l  Yunque. Crespo, who found it, a t  first assumed i t  to be a mass of algal 
material. The rather large snail is yellowish green, with a reduced shell 
buried in the middle of its back. H. B. Baker informed me that these ani- 
mals apparently are almost wholly arboreal, living mainly on palm leaves 
in rich forest. I n  addition to the records given by Shuttleworth (1854: 
127-28) to establish it as inhabiting the eastern mountain range, there are 
records of its occurrence in the forested mountain regions of the western 
mountain mass. Raker reported it from "the heavier forest on ridge be- 
tween CCC camps Buena Vista and Santa Ana." 

Two other species have been described. Until proved synonyms, they 
merit the benefit of the doubt. 

Gaeotis nlbopz~~zcttilatn Shuttleworth 
Gaeotis albopunctl~lata Shuttlev\~orth, ''Dingiioseli . . . ," 1834, p. 36. 
Oaeotis albopunctztlala Shuttleworth, Dall and Simpson, ' l The Mollusca of Porto Rico," 

1901, p. 378. 

Gacotis rnalleata Pilsbrg 
Gaeotis malleata Pilsbry, Vatt~ral of C o n c h o l o g ~ ,  2d ser., 12 (1899) : 230, PI. 62, Figs. 

36-40. 
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B~.ctcl/ypotJclln p o r f  ol-icc~rsis (Pfeiffcl.) 
(1'1. VIII ,  Fig. 7 )  

Cylinclrclln portoricens~s I 'fviffc~., Z c ~ t s c l ~ r .  f .  M r ~ I u k . ,  9 (1852) . 151 ; M : ~ ~ t i n i  :itid Chem- 
nitz, Syslematisches Concl~ylrcn Cnbinct, C.~llt~idrtlln, P1. 4, Figs. 14-15. 

I:rnchypodella portorzccnsrs I'fciffer, Pi lsbry,  Alanucll of Concllology, 2d ser., 16 (1904) : 
48-49. 

B ~ n c h y p o d e l l n  pot loricensis Pft~iffer ,  1):111 and  S i n l p s o ~ ~ ,  "Tlle Moll~iscn o f  Porto Rico," 
1901, p. 377. 

This is the largest species of Brachypodellu in Puerto Rico, and i t  is 
also the most widespread (Map 58). I n  the northern arid eastern parts 
I 7 

of the island B. portoricensis covers an area similar to that occupied by B. 
riisei, but in the southwest and west i t  seems to cut across the island in a 
more general way. Like most species of Brachypodella, this one is usually 
associated with limestone outcrops on which i t  lives. This habitat restric- 
tion partly accounts for its abundance in the many limestoile lrnolls between 
Manati, Morovis, and Sail Juan. On the whole, B. portoricensis, although 
not common a t  high elevations, seems to occur a t  somewhat higher elevations 
tllan do either riisei or pollido. Tt is somewhat surprising that this species 
livcs at greater altitudes and ranges across the western third of the island, 
since both B. riisci and palltda are largely confined to the coastal plain and 
foothills. Its relationships have been expressed by Pilsbry (1906 : 49). He 
stated that H. p o ~ t o ~ ~ c c n s i s  is related to B (~ngli l i fcru of eastcrn Cuba and B. 
imitrrtrir of Haiti, "but is usually larger than either, though the smallest 
Porto Rican speciinens could not, I think, be separated with any certainty 
from the Haitian and Cuban shells." Baker observed that B. portoricensis 
was a "very poor climber, mainly on rock-bases in northern limestone, 
0-300 f t . " 
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Brnc7rypode2ln riisei (Pfeiffer) 
(Pl. VITI, Fig. 6 )  

C?/ l ind~c l ln  riisci Pfeiffer, Zeitschr. f. Malak., 9 (1852) : 133; Martini and Chemnitz, 
Syslen~atisches Conchylien Cabinet, Cylindrella, P1. 6, Figs. 18-20. 

Bracllypodella riisei Pfeiffer, Dall and  Simpson, ' T l ~ e  Mnllusca of Porto Rieo, " 
1901, p. 377. 

One of the most common species among limestone outcrops and knolls 
along the northern coastal plain is B. riisei. Only a single record (Map 59) 

was established along the south coast, near Ponee, and Baker also collected 
i t  a t  Las Peiiones, south of the town of Cabo Rojo. E. von Martens (1891: 
132) reported that Sintenis collected i t  a t  Peiiuelas. Actually, B. riisei 
is abundant along the northern coastal plain and is particularly an inhab- 
itant of the limestone knolls between Manati and San Juan. Baker found 
this animal, as compared with the other species of the genus in Puerto Rico, 
"usually lower on limestone faces, 0-300 ft." 

Brachypodella pallida ('Guilding' Pfeiffer) 
(PI. VIII, Fig. 8)  

Bracllypus pallidus Guilding (MS) ; Cylindrella pallida Pfeiffer, i n  Philippi, Abbil- 
dungen und  Beschreibungen Conchylien, 2 (1845) : 52, PI. 2, Fig. 14. 

B~ach?/pode l la  pallida Guilding, Dall and Simpson, "Tlre Mollusca of Porto Rico," 
1901, p. 377.  

This species is far  less cornmoil i11 Puerto Rico than is either B. portori- 
censis or B. riisei. Distributionally, i t  has a characteristic pattern with 
two definite centers of abundance. The region of the prominent limestone 
"haystack" knolls situated between Manati and San Juan  contains many 
colonies of the B. pnllida (Map 60). I t  will be noted that in that region 
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Mar, GO. Distribution of liracl~ypodclla pallida. 

this species does not range as fa r  inland as does B. v i ise i ,  with which i t  is 
often associated. I n  the southwest (Map 60) several localities may be added 
to the few given. Sintenis collected it in the region of Pefiuelas. Baker 
found i t  a t  three additional localities: 

Cerro Capron, semi-desert limestone hills east of entrance to Guanica IIsrbor; dry 
woods on hills wliich are no longer c a p l ~ ~ d  with limestone, j u s t  west of Rio Loco, south of 
Yaueo-Sabana Grande road; dry brr~sli on  limestone capped hills (10s Peiiones) south of 
town of Cabo Rojo. 

Baker observed that this species was the "best climber" of the three 
species of Brachypode l ln  in this is!and, 0-250 ft. 

Conchologically, B. pall,ida appears to be closely related to B. riisei. 
I n  the field i t  was observed that B. pallida inhabited d r y  and porous out- 
crops of limestone. I n  this connection, it woulc! be of interest if one could 
determine wl~ether t,he larger and coarser ribs of B. pallida were developed in 
a strain of B. ri~isei wl~ich was exposed for many generations to more xeric 
conditions. 

I1se~cdopiszcr.in ~'icqtbcla.sis (Pfeiffel*) 
(PI. VII, Fig. 3) 

Bulimus viequensis Pfeiffcr, Halak. RTiitt., 3 ( 1 8 5 6 )  : 46; Pfeiffer, Xociiates Conchologi- 
cue, 3 : P1. 93, Figs. 3941 .  

Pineria viequensis Pfeiffer, Dall and Simpson, "The Mollusca of Porto Rico, " 1901, 
p. 376. 

Pineria viequensis (Pfeiffer), Pilsbry, Manual of Conchology, 2d ser., 16 (190.1) : 111-13. 

Because of radular differences, Aguayo (1938a: 71-73) separated his 
new genus, Pseudopiner ia ,  from the old genus Piner ia  and showed that the 
two genera do not belong in the same subfamily. According to Pilsbry 
(1904: 109) : "The genus P i r z e ~ i a ,  at  least as represented by P. viequensis ,  
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is closely related to Brachypodella, and probably branched of? from the 
IJrocoptid stock at  about the same time." Although originally described 
froin the neighboring island of Vieques, where the type material was col- 
lected by Riise, Pseudopineriu uiequensis, according to Crosse (1892: 25), 
was not previously reported fro111 Puerto Rico. Its presence is now well 
established on this island (Map 61). P. vieqzbensis appears to be restricted 

to limestone knolls extending along the edge of the north coast. This hab- 
itat restriction is similar to that of Pineria beatheana, recorded by Pilsbry 
(1904 : 109) as "inhabiting the coastal belt of raised reefs." 

In considering the evolution of the Urocoptidae, Pilsbry (1904: xv-xvi) 
pointed out that the tendency to an uncoiled last whorl is common among 
members of this family and is an indication of racial old age. He continued: 
"This tendency is almost universal in the Urocoptidae, but some otherwise 
specialized gel era, such as Pineria, seem to have passed through this stage 
and regained a more primitive form, judging from the ancestry indicated 
by the anatomy of Pineria viequensis." 

There is evidence accortling to Vaughn (1918) and Lobeck (1922 : 346-47) 
that there was a raising and lowering of sea level in this whole region due to 
"the ~~ i th t l r a~va l  of water in the Pleistocene ice epoch to form the great 
c~ontinental glaciers and the raising of sea level after each epoch through 
thc melting of the glaciers." A fluctuation of some twenty fathoms is 
believed to have occurred, A reduction of the strand lines by this amonnt 
could connect Vieques with Puerto Rico, thus permitting the present pattern 
in the distribution of this species on this island (Lobeck, 1922 : 373). 

, ~ lac ) .oce t~a~~zz ts  m i c r o d o n  (Pfeiffer) 
(PI. VII,  Figs. 2a, b, c )  

Btdi~trus microdon Pfciffer, Proc. Zool. Soc., 1851, p. 261. 
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Macrooe~amus micro do?^ Pfeiffer, Dsll and Simpson, ( ( T h e  Mollusca of Porto Rico," 
1901, p. 377.  

Yacroceramus nticrodon (Pfeiffer), Pilsbry, Manual of Conchology, 2d ser., 16 (1904) : 
115-17. 

Three names have been given to tlie forms of Macroccrarnus from Puerto 
Rico. Shuttleworth (1854: 145) designated one forln " Var. 4! P" under 
M. microdon. E. von Martens (1877: 352) after making an effort to estab- 
lish that M, johannis should probably be synonyniized with N. microdon, 
added that a large specimen which is similar to the one designated as "Var. 
? p" of Shuttleworth might well be differentiated and named the variety 
shuttleworthi under M. microdon. Baker stated that the specimens he 
collected "are what Pilsbry (Manual, 16, pl. 24, figs. 72-74) called M. mi- 
crodon shuttlewortlzi Martens and it is at least a distinct subspecies, distin- 
guished by its more regularly and closely spaced growth-th~eads." 

M.  microdon (Map 62) was relatively comrnon along the north coast, 
-- 

I I 

MAP 62. Distribution of Xacroceranlus microdon. 

where i t  was most prevalent among the small limestone knolls along the 
coastal plain. This species also inhabits the southwestern coastal limestone. 
Tn addition to the two southern records given, Baker established the follow- 
ing record: "Dry brush on limestone capped hills (Los Peiiones) near 
quarry, about 2 miles southwest of Escuela Manuel Corchado and south of 
Cabo Rojo town." 

il!licroceramus gua.ilicn+z~is H. R. Baker 
(Pl. VII, Fig. 4) 

Microceramus guanicanus H. B. Baker, Notulae Nut., 88 (1941) : 5-6, Fig. 7. 

This species was recently described by Baker, who collected i t  in " Cerro 
Capron, on coastal limestone hills east of entrance to Guanica Harbor." 
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Cerion crassilabris (" Shut t lewor th"  Sowerby)  
(Pl. VII, Fig. 5) 

Pupa crassila1)ri.s Sowerby, in Xecvc, Conclrologia Icoitica, 20 (1875) : P1. 2, Fig. 14. 
Pupa striatella E'e'russac MSS in GuPrin, Iconiftnz du r2yne animal, Mollusy~~es, 1832, p. 16, 

P1. 6, Fig. 12. 
Cerion strialella (165russac) Gubrin, Dall and Simpson, "The Mollusea of Porto Rico," 

1901, p. 376. 
Cerzon crasszlab~e Sowcrby, Da11 and Simpson, "The 8Iollusea of Porto Rieo," 1901, 

p. 376. 

Animals belonging to this genus have been collected in Puerto Rico 
mainly along the coast in the southwestern part of the island. Pilsbry 
(1901-2: 193) stated: "This species is quite distinct by its exceedingly 
obtuse apex." He has also noted (1901-2: 278) that Dall and Simpson's 
record of Cerion striutellzim in Puerto Rico is actually Cerion crassilabris. 

I n  Puerto Rico the following localities have been cited : Shuttleworth 
(1854: 145) gave Ponce; von Martens (1877: 350) cited Boqueron (south- 
west corner of the island) ; Dall and Simpson (1901: 376) reported Cabo 
Rojo Light; and H. B. Baker (in notes kindly loaned to me) added "Cerro 
Capron, semi-desert limestone hills east of entrance to Guanica Harbor; east 
of Tallaboa, subarboreal, seaward slope of southern limestone." Two ad- 
ditional records in the collections of the Museum of Comparative Zoology 
at  Harvard are Ensenada Point, Guaiiica ; and Mayaguez. 

FAMILY CLAUSILITDAE 

Ncnin Z ridc,),s (Schweigg~r)  
(PI. VII, Figs. 6a, b )  

Turbo tvide71s Clicmnitz, Systematiscl~es Concl~ylien Cabinet, 9 (1786) : Fig. 957. 
Clausilfa tridens Chemnitz, Crouse, Journ. de conch?ll., 40 (1892) : 32. 

As indicated by Crosse (1892 : 32), N. tridens is of considerable interest, 
since it is the only member of the cllausilid group in Puerto Rico. The 
family is, however, well established in South America. Pilsbry (1926b: 9) 
slated: "The sixty-four American species of this family are now classified 
in three genera, Nenia, Pcruinia and l'enzesa, most of then1 being comprised in 
Nenia." Lists of Puerto Rican shells prior to the turn of the century refer 
N. tridens to the genus Clatcsilza. Jousseaume (1900) and 0. Boettger 
(1909) placed it in the gernis Nenin. With the exception of Puerto Rico, 
N. tridens was not found in any of the other islands of the Greater Antilles 
until Rehdcr (1939: 171-73) recently described a new species from Mount 
Rochelle in southern Haiti. Reference to the zoogeographieal implications 
will be madc in another section. 

I t  inhabits (Map 63) only the eastern third of the island, where i t  was 
pnrticlllarly abundant nt high elevations. Usually, few specimens were 
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L I 

MAP 63. Di s t r ibu t ion  of Senia  i r i d e n s .  

taken at lower altitudes. Apparently, a good stand of timber in a reasonably 
undisturbed region produces the optimun~ conditions for N. tridens. In 
such a favorable habitat hundreds of specimens are often found attached to 
bark on trunks of trees. The thick green algal coating which often covers 
both the specimens and the bark on which they live makes a close examina- 
tion necessary in order to see N. t r i d e m  in its normal habitat. Baker has 
summarized the habits as follo~vs : "Subarboreal, luainly on shrubs and vines, 
almost never on rock faces, forests of east end, 0-2700 feet." 

FRESH-\vArI'ER SPECIES 

The fresh-water moll~~slrs of Puerto Rico have not received the attention 
they deserve. The lack of interest in this fauna is perhaps partly due to the 
relative scarcity of tlic species. For  reasons already given the best collecting 
appears to be in the lo~vlailil parts of the various drainage spsteins-the 
very rcgions where st~llistosome cercaaris~e are apt  to be common. The neces- 
sity of caution to the extent of clcvisinc special methods for collecting 
specimens in such tlange~,ous areas poses a gc~nuine obstacle to those attempt- 
ing to amass a substantial amount of material for research. If to these con- 
sidcrations is added the fact that most of the streams along the coastal plains 
have been considerably altered by irrigation projects, there appears to be 
reason for the lack of lilterest in the fresh-water shells. 

During my first visit with Dr. W. A. Hoffman I was impressed with his 
anxio~zs inquiry as to whether I was avare of the necessity for caution when 
collecting in the fresh waters of the island. Because of his broad experience 
with schistosolniasis or bilharziasis, he fully appreciated the need for pre- 
cautions when working in the field. One precaution suggested by him is 
worth meiitioning for the benefit of those who may wish to collect fresh- 
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water. shells. I t  has been shown experimentally that the schistosome cer- 
cariae start actively burrowing when the water on the exposed skin begins 
to dry. An application of alcollol (70 per cent or stronger) within one-half 
hour after exposure will kill any cercariae which are attempting to burrow 
into the skin. I t  is, therefore, important that one cayry a supply of alcohol 
into the field for this purpose, C6rdova-MBrquez and I worked in waders 
and wore rubber gloves when working in a presumably infected pool near 
Guayama. We found this equipment uncomfortable when busily moving 
about under a tropical sun, but the water that bathed our bodies came from 
within, and we had the peace of mind that goes with knowing we were not 
being exposed to infection. 

Perhaps no island among the Greater Antilles has been studied by a 
greater number of competent malacologists than Cuba has. Yet, i t  has been 
only a few years since C. G. Aguayo (1938) presented an interesting and 
informative analysis of the fresh-water mollusks of that island. Many of 
the principles set forth by Aguayo for Cuba also apply to Puerto Rico. 
Several species are common to Cuba and to Puerto Rico. Attention to the 
papers written by Aguayo is urged for those interested in the fresh-water 
shells of Puerto Rico. 

K E Y  TO T H E  FRESH-WATER SPECIES  

1 a. Bivalve; minute (length, 3 mm.); surface relatively smooth; yellow or white; 
beaks high and thrust forward .............................. Pisidiit?n sp. (Pl. IX, Fig.  7 )  

2 a. Helicoid 

b. Dextral or right coiled; length, 8-10 mm. 
4 a. Large; without an operculum .......................................... : .................................................................. 5 

b.  Small (length, 3-5 mm.) ; with a n  operculum; aperture about one-third the length 
of the shell; smooth or with spines on a shouldered whorl. 

Potamopyrgus coro?tatus (PI. I X ,  Fig.  11) 
5 a. Relatively thick; length of aperture about one-half the length of shell; whorle 

shouldered .............................................................................. Lymnaea cubensis (Pl. VII I ,  Fig. 9) 
b.  Thin and fragile (Succinea-like) ; length of aperture about two-thirds the length 

of shell; whorls not shouldered ........................... Lymnaea co2umella (Pl. VII I ,  Fig. 10) 
6 a. Large (diameter, 12-35 mm.) or medium size (diameter, 7-8 mm.) ; aperture 

noticeably expanded 
b. Small (diameter, 4-5 

lamellae often deep within aperture 9 

C. Minute (diameter, 2 mm.; height, 1 mm.) ; tightly coiled with flnal whorl appearing 
to engulf previous whorls; depressed on both upper and lower side. 

Drepanotrema anatznztnt (PI. IX ,  Fig. 8) 
7 a. Biconcave; whorls smooth and shnny; shouldered a t  renter of whorl or periph 

ernlly 8 
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b.  Flattened dorsally, deeply depressed ventrally; nhorls not smooth and polislied 
but with prominent growth striae; sl~ouldered both above and below with centcr 
or peripheral par t  of whorl flattened ITclasoma caribaeum (Pl. IX ,  Fig. 1 )  

8 a. Large (diamctrr, 12-35 mm.) ; with fine spiral striae. 
Australorhis glabratus (PI. IX ,  Fig. 5) 

b .  Smaller (diameter, 7-8 nlm.) ; without spiral striae; growth lines very fine. 
Relisonta tcrvcrianum (Pl .  IX ,  Fig. 2 )  

I) a. Diameter, about 5 mrn.; without spiral striae 10 
b. l>iamotor, about 3 nim.; only 1.0 mm. high; with spirnl ~ t r i a c  :lnd hcncc formerly 

called ' ( circu?nlin('(~t I IS  ' ' 7'ropicorbts tlcciptcrts (1'1. IX, Fig. G )  

10 a. Gray groen; 2 mn1. high Tropicorbis raiscl (Pl. IX, Fig. 3 )  
71. Whitr ; comprcssctl, 1.5 mm. high l'ropzcorhis albicans (PI. IX ,  Flg. 4 )  

11 a. L81rgo (length, 5-li mm.) ; brovr,nisl~; apcy p~orninent and thrust forward to tho 
loft; with prolninrnt radial strlac Uncanc?llzls c.o~tcenlrrctts (PI JX, Fig.  9 )  

b. Small (length, 2-3 mm.) ; light straw color; apcv only slightly twisted to the l e f t ;  
without prominent radial striae Penissia bcaui (PI. IX ,  Fig.  10) 

FAMILY LYMNAEIDAE 

I,y+nnaea cubensis Pf eiffer 
(PI. VIII ,  Fig. 9 )  

L,i.~rtnaea cubensis Pfeiffrl., Wie,q~~~rr~r ?r 's d r c l ~ i v  f. Nnturg., I (1839) : 354. 
Linlnuea cubensis Pfeiffer, Crossc, dourr~.  de co~~cl~!jl., 40 (1892) : 35. 
Limnaea cubensis Pfeiffer, Dall and Simpson, "The Mollusca of Porto Rico," 1901, 

p. 369. 
Lynti~aea (Nasonia) cubensis Pfeiffcr, Agr~apo, Alenl. soc. cubann hist. ~la t . ,  12 (1938) : 

274. 

Lymnaca cubensrs is among the   no st coinilloil ol' the fresh-water snails 
i n  Puerto Rico. It was talien from the following streams: Guaynabo River, 
near La  Muda; ditch wcst of Rio Cibueo, three kilometers north of Vega 
Baja ; Riaehuelo, a t  lrilonietcr 10 between Cidra and Comerio ; small streain 
north of Guajataca Forestry Station, north of Utuado ; Bayamon River, two 
kilometers east of Baganloll; and a small silted streain about five kilometers 
southwest of Vega Baja. These locality data establish the species as in- 
habiting vegetative and quiet pools in streams of various size. This snail 
can withstand a wide range of habitat conditions, from hcavily silted streams 
without vegetation to those virtually choked with plant life. I t  is often on 
the wet marginal zone along the shore of a pool or stream. C.  G. Aguayo 
(1938b: 27475) reported L. cube7zszs as common in Cuba, where it has been 
identified as the intermediate host of Pasciola hepatica, the sheep liver fluke. 

Lynznctcn ( P s c u d o s ~ ~ c c i n c a )  colt~mella Say  
(PI. V H I ,  Fig.  10) 

Ly?tt~iaea colun~ella Say, Jo~ t rn .  Pkal. Acad., 1 (1817) : 14. 
Pscudosuccznea columella (Say),  F. C. Baker, Presltwatcl- Moll?~sca of Wisconsin, Pt. 

I (1928) : 272-76, P1. X, Figs. 9-12, 20. 
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The history of this snail in Puerto Rico appears to be somewhat obscure. 
I t  does not seem to have been recorded by earlier workers, and hence there 
is a suggestion that it may have been introduced into the island in some un- 
known way. L. columella was fairly con~mon in Sail Anton Creek, about six 
kilometers east of Rio Piedras; i t  was also abundant in small streams in 
the neighborhood of the university campus. Whether or not i t  is widely 
distributed throughout the island is not well established, but it did not 
reappear in any of the collections taken beyond the vicinity of San Juan. 
No records for this species are available in the Museum of Zoology, Univer- 
sity of Michigan, from any of the Greater Antilles, although there are a 
~iuinber of localities established for it in Florida. Two named varieties are 
011 record from Nicaragua and Uruguay. Aguayo (19386: 275) reported 
Lymnaea (Psez~dosz~ccznca) francrscn Poey from several localities in Cuba, 
where it was reported as early as 1858 by Poey. 

Ausf ralor.Eiis .qlabr.at us (Say) 
(Pl. IX, Fig. 5) 

Planorb~s glabrutirs Say, . Jou~, t~ ,  dcatl. Xat. Sci. I'h~la., I, 10 (1818) : 280. 
Planorbis guadaloupenszs Sowerby, Genera of Recent and Fosszl Slaells, IV, No. 2 (1821) : 

no pagination, P1. I1 (pls. not numbered), Fig. 2. 
Planorbzs refulgens Dunker, Proc. Zool. Soc. London, 1833, p. 54. 
Auslralorbis glabratics (Say) F .  C. Baker, The Molluscan Family Planorbidae, 1945, 

p. 93. 

This is one of the largest fresh-water snails in Puerto Rico. I t  has 
received considerably more attention than any of the other mollusks of the 
island, because Faust and Hoffman (1934)  have definitely established that 
it is the intermediate host for the disease commonly knotvn as bilharziasis. 
Their work has shown that the snail inhabits the sugar-growing regions 
around the entire coast of the island and goes into the interior through the 
broad valleys of the larger rivers. Some of the basic facts established by 
them emphasize that these snails thrive among aquatic vegetation and show 
sollie preference for life ainong the roots of water hyacinth. The ani- 
mals are most successful 111 alkaline waters (pH 7.2 to 7.8). The largest 
co1onic.s are usually in ~)ools of q ~ ~ i c t  water such as occlur along streams or 
as arc artificially crcatecl throuqh irrigation projects. Drying or srvcre 
fluctuiltions in the water level, which may be brought about by irrigation 
opcl.atiolis, arc unfsvorablc to the cxibtcnrc of these snails. 

Some life-history infol.~nittion h i~s  bcen gathered, but Hoffman was of 
t l ~ c  opitiion that rnuvh 111orc biological information was necessary before 
adequate public health mcasures could be devised to eliminate infected snail 
colonies throughout the island. Prior to his death, Hoffrnan and Mrs. 
Diaz-Collazo were engaged in laboratory studies of this snail. As few 
similar attempts to comprehrnd the biology of such an  intermediate host 
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have been made, they were seriously handicdappetl in this pioneering vc>ll- 
ture. Such studies art. of pnramonnt ~rnportalice. and a continuance of 
the work is strongly nrgc.d 

I11 the course of t l ~ e  ~.ec.e~it cc)llecti~rg 111 I'llerto ltico, tilt. I ' o l low~~~g sta- 
tions were establisl~rtl: I'oncl :it 1cilo1nc.tc.r 102, wtst of ( ' ~ I I ~ I I I ~ ;  ~)ools in  
small stream east of r;lmpas a t  Rio Plc1tlrns; pools 111 Kio (irwrlde de Arecibo 
a t  Jaynya ; ancl pooh of l t ~ o  Grandc de Arcr~bo  abont two )tilometers below 
Utnado. There is c.onsitlerable variatioil In the size of spccilnens from 
various localities. Tllc limited series obse1.ved seeill to iiidicatc that there 
was a dwarfing of these snails in  the headwaters of rivers as intllc.;tteci by the 
larger size of speclrnens in the colonies froill 1Ttr1;ldo as corul~aretl to stunted 
forms taken farther upstream a t  Jaynya 

F. C. Baker (1945 : 512) figured A ~ ~ s t r t r l o l  ?) is  hlawneri (Germain) from 
the island of Vieqne and (1945. 514) A cr~tfig7tc71ris (Sowerby) from near 
Quebradillas, Puerto Rico. 

Planorbis  cnfribnerls DIOrl)igny, i L M o l l ~ ~ s q n c ~ s , "  1li.sloi1.c~ . . . tr(~tr(r1,11~~ 11,. 1 ' i l r  (11, ( ' 1 / 1 1 ( 1 ,  

I (1842) : 193, P1. XIII ,  Figs.  17, 19. 
Planorbis  tu?nidtcs Pfeiffer ,  Wiegmann's dl-chiv f .  N a t u ~ g . ~  I (1839) : 351. 
IIrEisoma cnriba,runr. ( l ) 'Or l ) igny) ,  P. C. 13:~1it%1., 7'11(~ .?foll~rsra?l. )5'(1?11il!l ~ ' l a r ror l~ i~ lnc ,  

1945, p. 149. 

I n  earlier publicatioils this species is listetl ;LS Pla~zorb l s  tlrnlldus, but 
Pilsbry (1934: 44) considered t z~n tqd~rs  a s!-i1onj-m of car.tbacur,z. As com- 
pared with A. g l a b m t u s ,  Ii. carrbac~lcm is a ~elatively rare species in Puerto 
Rico. There are less than a half doze11 records for it during the past cen- 
tury. Blauner foulid i t  a t  Hunlacao; Glllldlach a t  Aguadilla and Que- 
bradillas. Chrdova collected i t  with A glabratus  in  pools of a small strcam 
just east of the campus a t  Rio Piedras. 

Hoffman ctiseovered a colony of 8. cclrrbacu~~z dliring the fall of 1942 
in a pond at Mufioz Rivera Park a t  Sail Juan.  He  exposecl these snails to 
miracidia of Sch i s tosoma mans on^ with negative results. I n  a communiea- 
tion regarding this matter he wrote: 

The peculiar th ing  i s  that, t , l~e  Mucoz Rivvr:t P a r k  forms appear  to  be entirely re- 
fl.:~ctory t,o Scllistoso?~~u 7ttanson1 infection. Iicccntly, I exposed one to a large number of 
8. mccnsoni miracidia, probably over 50, a hug? infection, certainly enough t o  destroy ;I 

snail long boforc infection matures. 

This experiment emphasizes that although in size and general appearalice 
H. cnr.ib(~eum is somewhat similar to A. r~loOrat?cs, i t  behaved as did II.  
l e n t u m  of southeaster11 IJnited States (Faust aiid Hoffman, 1934: 26) in 
that i t  would not serve as the intermecliate host of S. manson i .  
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11 /,1i,\o111n t r r c c . r i a ~ z ~ l ~ ~ ~  (D 'Orbigny) 
(PI. IX ,  Fig.  2) 

Plniiorl~rs irrvcricc,iics D'Orbigny, li&Iollusques," in Sagra, Histoire . . . naturelle de 
I' i lc  (IF Crrba, I (1853) : 194-95, Fig.  20, 23. 

Previouslj-. this species does not appear to have been reported from 
Puerto Rico. William A. Hoffman collecteci a good series a t  "Fajardo." 
The specilllens s h o \ ~ n  to me by Hoffman were identified by Pilsbry. A set 
of specimens from this same lot are in the Bryant Walker collection of the 
Museunl of Zoology, Apparently, N. t erver ianz~m is rare in  Puerto Rico. 
If F. C. Balrer (1945) was familiar with this species there is no indication 
of it in hii  recent study of the Planorbidae. 

Tt opicorbis  r i i s c i  (Dunkel - )  
(Pl. lX, F1g. 3) 

Planorbzs rctsei Dunker and Clessin, Martini and Chemnitz, Systematzsches Co1zc7zylzen 
Cabznet, 1886, p. 110, PI. 17, Fig. 7. 

Planovbis rzzseb Dunkel, Crosse, Journ. de conchyl., 40 (1892) : 36. 
Planorbrs vtisci Dnnker, Dall and Simpson, "The Mollnsca of Porto Rico," 1900, p. 370. 
Tropicoi bzs rzzsei (Dunker) F. C. Baker, 1 Ile iKolltiscan Favnaly Planorbidae, 1945, p. 85. 

Crosse (1892: 36) listed Pla?zorbis riisei among Puerto Rican forms 
with qome degree of uncertainty. Three lots were collected on the island 
recently: in Sail Anton Creek, six kilometers east of Rio Piedras; in  small 
streains west of Guajataca Forestry Station, north of Utuado; and in  Manati 
River, four lriloilleters south of Manati. The specimens fit the description 
and fignres given in the Conchylielz Cabinet and are tentatively referred 
to this species. The recent publication of T h e  Mollz~scan Fami l y  Plan- 
orbidae by the late F. C. Baker clarifies the status of this species and gives 
anatomical details of specimens belonging to this species collected a t  Lares 
by the late William Hoffman. 

T r o p i c o r b i s  a,lbiznus (Pfeiffer) 
(Pl. I X ,  Fig. 4) 

Planovbr~ c~lbicans Pfciffcr, Wiegmann's Archiv f .  Naturg., I (1839) : 354. 
Planorbis (Plaitorb~tla) albicans Pfeiffer, Crosse, Journ. de conchyl., 40 (1892) : 38. 
Pla i~orb~t la  nlbicane Pfeiffer, Dall and Simpson, "The Mollusca of Porto Rico," 1901, 

p. 370. 
Troplcorb~s albtcnns (Pfeiffer), F. C. Baker, Tllc Moll~tscnr~ Fanlily Planorbzdae, 1945, 

1'. 85. 

This relatively sinall species with its shiny, white shell was found to be 
rare by Blanner in  eastern Puerto Rico (Aguas Claras, Ceiba, and Lnquillo). 
Two lots were recently taken somewhat farther west a t  Rio de la Plata near 
Comerio and at Sall Ailton Creelr, about four kilometers east of Rio Piedras. 
Both lots have specimens with the characteristic armature of teeth within 
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t,lie aperture, but there is a striking difference in tlic size of specimens from 
each series; those from the region of Comerio are about twice as large as 
those from San Anton Creek. 

Tropicorbis  ~lecipierzs (C. B. Adarns) 
(PI. IX, Fig. 6) 

Planorbis decipiens C. B. Adams, Contributions t o  Coxchology, 3 (1849) : 43. 
Plano~bis circumlineatus Xhuttleworth, " Diagnosen . . . ," 1854, p. 96. 
Tropicorbis decipiens (C. B. Adams), F. C. Baker, The Nolluscan Family Planorbidae, 

1945, p. 85. 

T. decipiens is most conlmori in ditches with an abundance of aquatic 
vegetation and along small grass-lined ereelrs. I ts  distribution pattern 
throughout the island is not well established. Blauner collected it near 
Humacao. More recently, i t  was taken from the following localities: a 
roadside ditch near Dorado northeast of Vega Baja, a pond along road 2 at  
kilometer 102 west of Camuy, a wet pasture at  Martin Peria, a ditch a t  the 
north end of the Biology Building in Rio Piedras, and a creek near the Home 
Economics Building in Rio Piedras. As implied in Shuttleworth's specific 
name, the small raised ridges that run parallel to the spiral whorls are a 
ready aid in identifying this species. 

D r e p a ~ o f  rcrna a?zatilzum (D 'Orbigny) 
(PI. IX, Fig. 8) 

Planorbis anatinus D'Orbigny, Mag. de zool., V (1835) : 28. 
Planorbis haldemani C. B. Adams, Contributions to Conchology, 1849, p. 43. 
Drepanot~ema anatinum D 'Orbigny, C. G. Aguayo, Naz~tilus, 1933, p. 65. 
Drepanotrema anatinum (D 'Orbigny), 1". C. Baker, The Molluscan Fanaily Planorbidae, 

1945, p. 118. 

The rarest of the planorbid snails in Puerto Rico appears to be this 
minute Drepanotrema. Only a single station was established for it-a 
small stream just north of the Guajataca Forestry Station, northwest of 
Utuado. Blauner found it a t  three stations in eastern Puerto Rico (Huma- 
cao, Luquillo, and Rio Blanco). F. C. Baker (1941 : 96-97) described a new 
species, Drepanotrema hofwzani, which is considerably larger and has closer 
affinities to Drepanotrema lucidum, collected by Blauner in eastern Puerto 
Rico, but this has not been seen recently farther west. More thorough col- 
lecting will undoubtedly considerably extend the range of all the species 
in this group. Aguayo (1933: G k 6 8 )  gave a very informative discussion on 
the synonymy and distribution of this species. The type locality, as inter- 
preted by Aguayo, is given in the following translation from D'Orbigny 
(1835 : 351) : 

We have encountered this species in the stomach of ducks which we killed on the 
islands of the Rio Paran& itself, a little below the city of La Bajada, capital of the 
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province of Entre Rios. We have searched for it in the same places; and, after much 
trouble, have found it in the lakes on the middle of these islands, among the aquatic 
111;111ts. T t  sronls to bo rare tl~ere. 

Drcpanotrcn~a l lo fmani  F .  C.  Baker 
Drepanotrema hormani F. C. Baker, Nautilus, 54 (1941) : 96-97, P1. 8. 
Drepanotvcma hoffmani F. C. Baker, The Molluscan Fainily Planorbidae, 1945, p. 118. 

I11 addition to tlie description of this species as cited above, F. C. Baker 

lias given (1945 : 392) some figures of the shell based on specimens collected 

by William Hoffman at Isabela. 

The following Planorbidae have been recorded from Puerto Rico. They 

have not been talien recently, ancl they are listed for the sake of including 

as mailj. of the available records as possible. 

Pla+~orOis sclc 1 a v z ~ ~ ~ i  Crosse 
Grouse, Jouvn. de conchyl., 1 2  (1864) : 153, P1. 7, Fig. 2. 

Planorbis lucidz~s Pfeiffer 
Pfeiffer, TV~cgmann's Arclliv f .  A7atirrg., I (1839) : 354. 

Plalzorbis macnabianus C. B. Adams 
Adams, Contribz~tions to Conchology, 1849, p. 43. 

FAMILY PHYSIDAE 

Pllysa cubemis  Pfeiffer 
(Pl. VIII, Fig. 11) 

Pliyaa clibei~s1.s Pfeiffcr, ZVicgt~lan~i 's ,li clltv f .  xattrrg., I (1839) : 354. 
Pl~!/sa sowerbyana DIOrbigny, "Mollusques," Hzstoire . . . naturelle de l'ile de Cuba, 

I (1842) : 190, PI. X, F I ~ Y .  11, 13. 
Physa (Physclla) cllbcnsis Pfeiffer, Aguayo, Mem. soc. cubana hist. nut., 1 2  (1938) : 

266. 

In a paper dealing wit11 the Pl~ysidae of the West Indies, W. J. Clench 
(1936: 339) has placed the form hitherto known as P h y s a  sowerbyana  
D'Orbigny in the synonyny under P. c l~bcns i s .  This species is one of the 

most common fresh-water snails in Puerto Rico. Blauner collected it  at  
Huinacao, Luqnillo, and San J u a n ;  Dall and Simpson reported it from the 

Rio Caguitas, a t  Caguas. To these localities the following may be added: 

Sail Anton Creek, six kilometers east of Rio Piedras; small stream at kilo- 

meter 5 on road 30, northwest of Vega Baja ;  creek west of Guajataca For-  

estry Station, north of Utuado; creek north of Guajataca Forestry Station, 

north of Utuado; Riachuello, kilometer 10 on  road 5 between Cidra and 
Comerio; Guaynabo R i ~ e r ,  near L a  Muda, southwest of Rio Piedras; 



pontled stream, two kilometers northeast 01' Aguas Bnenas; tr ibutary to  Rio 
de l a  Plata,  one kilometer east of Naranj i ta ;  creek near Home Economics 
Building, Rio Piedras; Manati River, four lriloinelers south of Mannti; 
pond along road 2 a t  kilometer 102, west of Camuy. 

As suggested by Cleilc*l~, eolol~ies of thi\ snail are variable, depending 
soiilcwhat on the ecologival conclitior~s to nll1c~11 they are subjected. Aguayo 
(193Hb: 266-67) stated that P. crrbc ~ l s t s  is prewnt in practically all of the 
streanis and ponds of Cuba, n l ~ e r e  it is a variable species. I-Ie also inen- 
tioned that Perez Vigucras c\nd Moreno have s11olr.11 that P. c~thcnsis serves 
as intermetliate host for tile liver fluke, F'nsciolcr h c p n f ~ c n .  

FAMILY ANCYIdDAE: 

$ ' ( , I  t.i.ssin h ~ n  ( t i  ( Ronr.g~iig~iat)  
(PI. IS, Fig. 10) 

-471cylrts beauz Bourguignat, Jorlm. d e  coi~clt~yl., 4 (1853) : 17G.  
dncyl~ts  bcut~i  Bourguignat, Crosse, J07crx. t l r  colrchyl., 40 (1892) : 38. 
Ai~cylus beatti Bonrg~iignat, T)nll m ~ d  Siml>son, ' The Moll~isca of Porto Rico, " 1901, 

p. 371. 

B'errissia Oeaui is relatively scarce in Yucrto Itico. Blauner fount1 i t  
near Luquillo, where i t  occurred oil wood in pools. Three stations were 
established fo r  i t  recently: on clcaci lcavc\ iu  a small stream about three kilo- 
meters west of Ponce; on twigs and decaying leaves in  a creek north of 
Guajataca Forestry Station, north of Utuado; and in pools of a small tribu- 
tary to the Rio de la Plata, about one lrilonietrr east of Naranjito. Walker 
(1923 : 13) called attention to the f a i l ~ t  radial sculpture shown under magni- 
fication, although Bourguignat in  his clrscription stated that  the shell was 
smooth. Most specimeils in ii series from the above localities mere smooth; 
a n  occasional specinleii had faint radial striations. 

l iuzcn~tc~/ l  u s  c o ~ ~ c c u  t r.ic.lrs (I) 'Orbigny ) 
(Pl. IX,  Fig. 9)  

Ai~cglus concelctriczts D'Orbigny, Mag. de cool., 5 (1835) : 24. 

As cornpared with Perrissia Decrtti, this species is relatively conlinoli i n  
Puerto Rico. I t  has ;I rather sturtly shell 1~1itl.i prominent radial ridges. 
Specainlens were collected fro111 the following stations: Manati River, about 
f o ~ ~ r  kilometers north of Manilti ; small stream, three kilometcrs west of 
Ponce; small creek on road 30, southwest of Vega Ra ja ;  Guaynabo River, 
ileilr I J ~  Muda, southwest of Rio Piedras; Sax1 Anton Creek, six kilometers 
east of Rio Piedras; tr ibutary to Rio ife la Plata, one lcilometer east of 
Naranjito. 

I t  is usually found on clead leaves, t~vigs,  stones, and similar objects in  
creeks and rivers. 
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S o r ~ ~ c  c.sl)lalultiou I Y ~ ~ L I Y I I I I ~  t 11~  relatioil of D'Orbigny's Ancy lus  con- 
cc,tllr.icus lo lJ~~c(rt~c?jltr.s I I I I Q ~  I)e helpful to those who do not have access to 
tlie literature. Uncuncyllis was described by Pilsbry (1913) as a subgenus 
of A n c y l l ~ s .  Walker (1920) considerably extended the range of species in 
this group. He obviously followed Pilsbry's revision. I n  the references 
listed above it is evident that Walker intended to give Unculzcylus generic 
rank, which revision is also confirmed by seven lots in the Bryant Walker 
collection available for study in the Museum of Zoology, University of 
Michigan. 

The following ancylid lras been recorded for I'nerto Rico. I t  has not 
been taken recently, and it is listed for the sake of inclnding as many of 
the available records as possible. 

Aqzcylus olisc>ul.lis Haldeliiall 
Haldeman, Monograph, 1844, p. 9, P1. 1, Fig. 5. 

FAMILY AMNICOLIDSE 

(Pl. IX, Figs. lla, b )  

Potanzopyrgus corowatus (Pfeiffer) 
Paluditln coronata Pfeiffer, Wteg~t~ann 's  Archlv. f. Natzb~.~., I (1839) : 253. 
Potamopyrgus coronatzis (Pfeiffer), Dall aiid Simpson, l L T I ~ e  Mollusca of Porto Rico," 

1901, p. 434. 

Because of the variability of this species a large number of names have 
been given to it. I t  is a relatively coinmoil species i11 Puerto Rico, although 
most of the records available seem to limit i t  to the northern and eastern 
parts of the island. Blauner's localities include Humacao, Luquillo, Aguas 
Claras, and Ceiba. Gundlach fouild it a t  Aguadilla. Three stations may be 
added to this series : a srriall sl)lasll pool at  Hnn~acao Playa, Guayiiabo River, 
near La Mnda, and Sail Anton Creek, six lrilometers east of Rio Piedras. 

I n  the threo lots mentioned spined individuals are most coinxnon in the 
lot froin the splasl.1 pool near the sea, whercns the other lots, which were well 
~~ps t r eam in both rivcl-s, hat1 relatively few speciinens with the corollate 
clevelopment of spines. The ~~ossible causative factors for presence or ab- 
sclice of spines have been a iliattcr of interest. H. A. Pilsbrg (1896-99: 
570) found no evidence for conliecting the developinent of sculptnre with an 
increase in alkalinity. W. 11. Dall (1896: 408-9) stated that mollusks show 
a progressive increase in sculpture as the alkalinity of the water increases. 
C. Goodrich (1934) reviewed the literature and suggested that his own 
studies clearly indicate definite trends in sculptural patterns. A. E. Boycott 
(1929 : 230) studied the inheritance of spines in Hydrobia jelzkknsi and 
concluded that they were not iilllerited, but that there was evidence that the 
spinous condition was corrclatecl with what lie termed "bad" conditions. 
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Warwick (1944 : 799)) working with Y. jcn kinsi and continuing along the 
lines initiated by Robson and Boycott, hns indicated that there are some 
interesting inter-relations in the case of these animals as they are influenced 
both by genetics and ecology. He has indicdated something of this in the 
following statement : 

From tlie above experiments, i t  appears tha t  P. jenkinsi exists as  both keeled and 
smooth genotypes. Further, since brackish water p r y  ae does not induce a keel, i t  seems 
tha t  the environmental factor responsible for the appearance of the keel is  Algal. More- 
over, this agency needs only to act in early 'life to induce a keel for the rest of tlie l ife 
of the snail. The Alga acts partly in n quantitative manner to produce Ii~cLs of strengths 
varying from a scarcely perceptible ridge to  full^ aculeate form. 

This matter is being investigated. I n  an area such as Puerto Rico, where 
P. cormatus inhabits both brackish and fresh waters, there should be oppor- 
tunities to solve this problem experimentally. 

BIVALVES 

FAMILY SPHAERIIDAE 

Pisidium sp. 
(PI. IX ,  Fig. 7 )  

Two lots were taken, one series from Guaynabo River, near La Muda, 
southwest of Rio Piedras, and another from a small stream west of Guajataca 
Forestry Station, north of Utuado. A comparison with specimens in the 
collection of the Museum of Zoology indicates that these Puerto Rican 
sphaeriids are closely related to Pisidizcm abditum and P. consanguineurn. 
I n  view of the uncertain taxonomic status of many of the species in this 
genus i t  is perhaps better not to assign these specimens to a specific category 
until more informat,ion is available about this group in the West Indies. 

PHYSIOGRAPHIC FEATURES 

I n  simplest terms, two basic topographic features can be recognized in 
Puerto Rico: the central mountains which may be termed the "Old Land," 
and the coast border, or coastal plains. R. J. Hill (1899) presented a rather 
graphic picture of the general aspect of these zones in  the following state- 
ment : 

The mountains constitute the major surface of the  island, approximately nine-tenths 
of the whole. The other features collectively make an  irregular and lower lying belt 
around ther coastal margin comparable to the narrow rim of a high-crowned alpine hat. 
I n  fact, the whole island is practically an  elongated sierra, made up mostly of volcanic 
rock, surrounded by a narrow collar or dado of limestone hills, formerly marginal marine 
incrustations which have been elevated. 

A. K. Lobeck (1922) has given a somewhat more detailed account of the 
physiographic provinces. These important features are reproduced from 
Lobeck's original map (Map 64). Although there is a possibility that 
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significant correlations exist b e t ~ v ~ e ~ ~  c e r t a i ~ ~  laritl s~iai ls  and tl~t. regions 
deliniitetl by Lobeck, the material dt hand ~ ~ e r n i i t s  a correlation niainly with 
two of tliese geomorphic features : (1) thc mountain or Old Land region atid 
(2 )  the limestone of the coastal plains. F o r  pr.;tctical purposes it will be 
convenient to consider tliis fauna distributionally under tliese broad head- 
ings, with the realization that  these Ii~rgt. areas are  sufficielitly corn1)lex 
ecologically to restrict several species to s~na l le~ .  regions within t h e m  More 
exact inter-relations could perhaps be the subject of future  investigations. 

The ~nountain  region is gcneri~lly agrercl to 11ave been a llla\s of basic 
igneol~s roclr. The original illi~trix l ~ i l ~  wcatl~rretl rapidly u l ~ d e r  the in- 
fluellcc of a warni, hun~id  clilnatc to  form a rather charactrrist~c deep, 
itl.eliaceous, clay soil. As Hill (1899) has ;lpily stateti : 

'I'hifl mountain soil is one of the most nlarltrtl features of the island, and to i t  aro 
largely due many of i t s  agricultural and forestal conditions. Were it less tenaceous 
and sticky (and language can hardly convey an  idea of the unctuousness of tliis stickiness, 
w l ~ i c l ~  is especially disagreeable as a. road materia!), the mountaiu slopes of Porto Rieo 
would now be washed and dreary wastes of barren roelt. 

Wherever raillfall is high these soils have become badly leacl~ed alitl are al- 
most free of calcium, magnesium, and phosphorus. Timber, banana trees, 
and coffee are grown on nlany of these soils. Small pocliets of limestone sc- 
cur in this interior mountain range. Some of these, upon weathering within 
11unlitl and scniihumid clistric.ts, 1)t.otluce soils which yield pooci tobacco 
ci.ol~s. Tllere is a iioticcable iirt~rcasc ill the, i1~1mt)er of land shells in such 
linlc~stoi~o poclrcts, but, as yc.t the rc.litt,ionshiy can only be inciicated in a 
1 t 1  way. The species inhabitin: tlic niountain 1)roviilce, ~ O I V C V C ~ ,  are 
ns11al1.y t l ~ c  widely scattered forms, a , ~ ~ d  there is a tlecidrd ahsrnce there of 
cac,rti~in species characte~.istic of the coastal plaili. 

From the records avi~ilable, co~~~l)ara.t ivcly Sew specics are rwtricted to 
tllc central mounta.ins. 'I'liose tliat :i('cIll espec:ially worth>- of nlentiou are 
the following: Jilclcaniu tdnrlit~!glo~ii oi' i l ~ e  Nttrieao :tl~tl Adj~rxtas  rcgions; 
PolycZo?ztcs l~rsqzclllensis ancl lT;leyulo?~lusto~n?~~~ ve?.r?tc1blos?snl, botli restricted to 
the Lnqnillo Monntai~is;  such forrr~s as iC'enii~ l?.iilens, 0beliscli.s trreOrnster, 
i>.Il(I Pol?y(;lorlt~s ac~~ta?lgllL(~ appei1.r 1 o finti tllcli J opt in11l111 statc in this cle- 
vattltl zo~ic, alt . l~ougl~ t l ~ ~  are ~ i o t  rcslrictc~tl to it-. Several spcc~ic.~, snc.11 as 
Pob?jdo?ztes lirrra (form n~aricao) , Kc.qtr.loniasfontn croceum (for111 Iz jalnzar- 
sotli). ;rut1 Cc7)olis c7c).)1lirlifrtr (fort11 irtl!jlrlifcrc~), all are ~noclifietl or stunted 
ill t 11c t~ionntain rc~giolr. iZ corr.c,latio~~, as has bccil pointed o ~ ~ t  pl.eviousl;\., 
exists sl~owing t l ~ a t  snvh tl\l-arfi~lg hcc~omt~:, mote pronounced i l l  c,c>rt;riil spe- 
taics will1 irn i~~c~r t~ i l sc~  in altitntlc. As has t)ec.l~ sugpcstcxd, t11t. t';!c.tors respon- 
sit)le ; I I - ( ~  lik(aly t o  i~lvolvt. ;I s t ~ i l i t i ~ l ~  i l l  t11c 1r101.c: lilllc-leacl~rtl 11l)lantl soils; a 
c ~ ~ ~ t l i t  io11 which ~rligllt 1)c. s11ow11, ck\~.~lt~rull\., t o  T-irry somewhat nit11 t11e abun- 
tlatlc.cl of  rainfall i l l  tl~clsc* I1ip11c.1 ;~ltiti~tlt 's. 'I'l~is c,olitlitioi~ is :<iliiil;rl. to that 
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recorded by Amos Brown (1911). who found a stunting of species of Plez~ro- 
dontc in Jamaica. As he suggested, howevel-, the reduction in shell size in  
that region was certainly not due to a lack of lime but rather to the porous 
nature of the limestone on which the snails lived. This rock permitted such 
a rapid loss of nloisture that the snails suffered from "periodic dryness and 
malnutrition during the season when forms in the lower ground are growing 
continuously under optimum conditions of moisture and food supply. . . ." 

Tlie coastal plains have several disti~ictive physiographic features (Map 
64). Two of these are apparently most sigiiificailtly considered in  terms 
of their influence on the rnollusk Sauna. Structurally, they can be grouped 
as ( I )  the intensively cultivated alluvial regions, and (2) the somewhat un- 
molested rock outcrops, represented by the cerros of the southrvest and the 
pepino or haystack hills of the north coast. 

If the extensive coastal ant1 river flood plains ever had a characteristic 
native flora and fauna, their composition will perhaps never be fully known. 
At present, this level and slightly rolling country is covered largely with 
sugar cane, and a few favorable sectio~ls are ~ ~ s e d  for growing some fruits and 
vegetables. A relatively small number of mollusks inhabit such greatly 
disturbed regions. I n  ditches along the roads of cultivated sections, if there 
is a small amount of cover proviclecl by decaying leaves or other detritus, one 
is apt to find only such generally prevalent species as Slcbulina octona and 
Alcadia striatn. If some trees, such as the introduced "flamboyant" are 
present, colonies of Polydontcs linln and Pleurodonte ntarginella may occur 
on the trunks and larger branches. A somewhat more varied assemblage 
of snails is ap t  to be present only when outcropping limestone has prevented 
the cultivation or continued disturbance of an  isolated pocket. 

The cerros are rows of parallel east-west, limestone hills in  the sonth- 
western par t  of the islaad. Fertile valleys occur between the crests of 
these hogback structures. Such cerros are especially common between 
Guanica and I'once on the east, and from east of San German to near the 
town of Cabo Rojo in  the west. Topographically, these have become com- 
plex by virtue of forriier foltling and dissection. Some have the appear- 
an(>(. of dissectctl (westas. fI. B. Baker referred to these elongated east- 
wcst trc~itl ing 21ills as L o q  lJ~fiolles, ari(1 he properly indicated that they are 
separr~1c.d fro111 the coast;rl lill~tahto~le, whicl~ is alrriost continuons froln west 
of Po~lc~r  to  Cribo Itojo (the (';I po) ,  by ;L broad anil iwid valley. Hill (1899) 
tlesc.~.ibc'tl t hcase 11ills : 

(:orn~)owd el~ t i re ly  of cl~alky or loosr tcsturcd glaring \vl~itc linlostono of a rcry 
~ O I O U S  rhrlr:i(*tor, oftcn cllalky, 1vhic11 was dcpouitcd around tllc inargin of tl~u moantuinous 
isli~lid I ~ : I S Y  w l i ~ i l  it was  ~111)111erpc~d :~bo:it 600 feet lower tlinn it stands at present. 
Tllcso :ll.cl I:rrgc,lp of Pleistoccnc. ngc, :~ltliough some of the lower strata lnay be as old 
as thc Oligoccnc~. Their sarfirce 1s of ten  covered by the peculiar efflorescent calcnreol~s 
preclpitr~tc known  in  Mcxiro :IY t~pctlntc ~ v l ~ i c h  forlns a s11alIo1v subsoil 01, pan. 
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The mollusks collectrd froln the li111estone hills of the south~vestern region 
are for the most part the salllc. ollrs that inhabit thc samc type of 1~11oll 
along the northern coastal plnln. T l ~ c r e  is, tht.11, a faunal, as well as a 
structnral, similarity in this region. H. I) .  Balter ( 1 9 4 1 ~ )  found sever;ll 
species in  this area not previonsly obscrved else~vhere in l'uerto Rico; 
Stonstonzops puertorica~~rr and Stoastot~tops boriq~rrni in  "Los Pefiones," 
Liciqrcl gvanlinosa and Mio.oceranzus g1rnt17cnn~r.s in the eoaqtal limcstone, and 
CI~o?~ciropoma sulifti ar~tl Cerion appart,ntly also limited to the sonthern 
coi~stal liinestoiir. Several of the specics conirnoll to both t11r northern hay- 
st:~c.lr knolls and the ccrros of the sonthwest appc.ar to havc :L t l ~ \ c . o i ~ t i n ~ ~ o l ~ s  
rnngc, with a break in  their distribi~tion pl*oml~lc~lt  ill tl~rl rc>gioll cast of 
lTt~y;~gurz. More cnrefnl r e - e x a l ~ ~ i n a t i o ~ ~  of' the f a ~ n l a  and t11c 1)lrysiographi- 
cal featrrres of this iiiternictliate area molild prrhal)s be helpful in a1)prcciat- 
ing the historical value of the discont i~~uons pattel.11 observed. 

The haystack or pepino ("cucur~~ber") Inlls of the northern coastal plain 
are  among the most striking topographic f~at111.e~ of the island. They are  
partienlarly prominent on the plain between Rayamon and Arecibo (Map 
64, "Coastal Plain"). As seen fro111 a distance the knolls may appear 
singly ; more often they occur in  west-southu~est trending chains, with a 
saw-tooth or cockscor~lb profile catised by their irregular and jagged peaks. 
These rugged and honey-combed limestone masses are of little value to the 
peasants who till the land around them. In their neglected state with a 
natural vegetative cover, they serve as islands of refuge for a rich and 
varied mollusk fauna. 0. D. voii Engeln (1942), 12. C. Roberts (1942), and 
others have referred to this region as typifying a lrarst topography. I n  
the cycle of reduction through solution and underground drainage, these 
aiicienl, uplifted coral reefs have experienced many varieties of uneven 
collapse, causinl, according to von Engcln (1942), "the formation of 
residual conical summits, r t ~ s c ~ n ~ l r ~ l i n ~  haystacks, callcd pcpino hills . . . in 
Puerto Rico, mogotes in the Isle of l'incs (Carlson, 1942)." 

Physiographers seem to roncur that there is a similarity between a 
mogote as tliat term is used in the Isle of Pines (perhaps also in Cuba)? and 
the haystack k1i011 of Puerto Rico. Wi th  the similarity of these geomorphic 
features in mind somc effort was rn;~cle to determine whether the pepino hills 
possessed anything coniparable to the great extent of endemism,generally 
known to be present on the nzogotes of Cuba. Gundlach, as previously indi- 
cated, came to Puerto Rico from Cuba expecting to find "different species 
that change within short distances. " As sliggested by hini (1883), this is 
iiot the situation in  Puerto Rico. Although relatively many species inhabit 

3 The late Tliomas R:iibour ill A A'c~ttrraE~st z 7 ~  Cttba (Doston: Little Brown and 
Compaliy, 1945, pp. 285-91) ha.; givcn nil nlformati\e discnssion of the limestone struc- 
tures of Cuba. 



MOLLUSKS OF PUERTO RICO 113 

this karst region, within short distaizces there are no sudden specific changes 
such as are present in similar areas of Cuba. Some of the species among 
those more or less restricted to the haystack knolls and cerros of the coastal 
plains of Puerto Rico are : 

Lucidella c~mbonata 
L~ccidella vinosa 
Fadyenia portoricensis 
Licina decnssata 
Licina aguadillensis 
Chondroponza riisei 
Pupisoma minus  
Pupisoma dioscoricola 
Bot l~r iopupa  tenuidens 
Gastrocopta servilis 
Gastrocopta pellcwida 

Opras punzilum 
Lanoellaxis gracilis 
Lantrllaxis ~ n i c r a  
0 belisctis swiftiantrs 
Drvnzaezrs virgulatus 
Dry?)aaetis liliaceus 
Brachypodella portoricensis 
Braclaypodella riisei 
Brachypodella pallida 
Pseudopineria viequensis 
Macrocera?nus microdon 

The distribution of the species in the preceding list suggests that there 
is some correlation between certain geomorphic features and the presence 
or absence of a few genera and several species. Although accurate informa- 
tion is lacking for some phases of this work, the field is one that offers signifi- 
cant results. With future studies in mind, i t  would seem worth while if, 
in terms of the geological history of the region, an analysis could be made 
of the relation of geographically restricted species and the possible causal 
factors for such limitations. Principles derived from such studies could 
perhaps be applied to advantage in evaluating connections that formerljr 
existed between parts of the Greater Antilles. Crosse (1892 : 46) had some- 
thing of this sort in mind when he emphasized that the presence of Padyenia 
portoricensis was a very interesting distributional fact, suggesting a relation 
between the fauna of Puerto Rico and that of Jamaica, which appears to be 
the center of development for this genus. H. B. Baker is of the opinion that 
Crosse placed too much zoogeographical importance on such a small, easily 
carried snail, particularly since these small forms often are widely dis- 
tributed. 

There are about twice or more as many species inhabiting the coastal 
limestone formations as are present in the central mountainous, volcanic 
zone. This contrast can be shown by comparing two collections from a 
typical station in each zone: Station 31, wet north slope of main mountain 
range, two lrilometers sonth of Cayey. 

~ l ~ l c ~ ~ c ~ l o i t ~ a s t o m a  crocc'rcin 
Cl~ondropo~na blazinen 
Alcatlen striata 
.I lct~clia alta 
I'ol!yilontes lintn 
Plrrcrotlo?ttr c.nrncolla 
.Z rrslrosr1enitc.s concolor 

Obt 1rxcrc.s terebraster 
O bt lrscrrs tlo~ninicensis hasta 
Snbtrlinc~ ocfona 
Lur~t~nmr.rllo glabra 
Paricella portoricensis 
rarrcelln terebraeformis 
X t  n i ( t  tritlrns 
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8tu.tion 71, wooded Iiayst;~c!k knoll, nhont five liilol~~eters west of Vega Baja. 

~ f e g a l o ~ r ~ a s t o t t ~ u  orocecr I I I  

('Icon t t r o p ~  i11a ~ i i s c i  
Ilt'licii~cs plrc~sitritella 
.iltaotZia s tr iato 
Lttcidella t.i?r osa 
Lncidellu c17itbonafa 
Fadyenia portorice~tsi .~ 
Cepolis ?ri icsicola 
Polydontes  li?na 
Pleurodoicte m,arginella 
Zuchvysia alarico,itia l ~ a r n i ~ ~ n s i s  
l ' l~~jsnnoplrorta plagioptyclrn 
Lacteolz~nu subaquila 
Lacteoluna selenina 
B t i l in~u lus  exilis 
B~ac1~~lpot lc: l la  portoriccnsis 
B~nc l~? lpodc l la  riisei 
Bruch?lpotJelln pallidtr 

I'sr~ric7t1~1iiic~rk1 .oi~t.r/rtcnsis 
~ l l i~croccr t~nr~rs  microclon 
Ohclis i~rr  lcrebraslr~r 
0 0 ~ l i s c u s  swif lianirs 
0b(~/ iscrrs  tlominicensis frctsta 
Scr bulirra o c , t o ~ ~ a  
/,c~~ncllrc.c.is i t~onotEo~~ opalescens 
Lnn1c.1lrr.ri.s unilamellata 
I,aitcellaxis ?tiio.tc ircnryaritc~ceus 
Opeczs prrntillrnl 
Vciricelln portoriccnsis 
Fai.iccllu trrcbrucforirii~s 
G L ( P ~ J U  ~ ~ r ~ ? ~ d l a c l t i  
Stricllurn rrteridionctlis 
S~rcri~rccz 11!yaTina 
(;c~stroc-opla st.rvilis 
Gastrocopta pellzccitia 
I'tipist?iita tliosco~icola 

These lists indicate that, there is perhaps soliic correlat,ion between geo- 
logical formatiolis and the n ~ ~ m b e r  of species within th(1m. H. von Martens4 
(1890-1901) has reportetl a similar obse~,vatiol~ in Guatemala, where more 
species inhabited the lir~~c:sto~te regions of i ' ~ l o r t l ~  Guatemala" than mere in 
the ~netalnorphic area of " cel~tra l  Guntelnala. " Hesse (1937 : 417) stated 
that there are also several statistical observations inclicating such a correla- 
tioil alllong the vertcbrat?~. Satisfactory explanations are given for none 
of t l~ese groups of aninlals. Some malacologists believe that the greater 
abuildance of species in lilnestoiic areas is a direct result of the chemical 
composition of the soil, i~ condition which might be stated as an  obvious 
necessity for animals s11c11 as shell-building ~nolluslrs. Other competent 
zoologists question xvhetl~er i t  is entircly a matter of soil chemistry. The 
questioi~ is raised, as statecl by H. von ii'artens (1890-1901), whether i t  is 
not also largely due to the physical condition of limestone, for the honey- 
colilbed aspect offers an ideal habitat for land shells. There is, then, a need 
for  experimental evider~ce to ascertain which con~bil~ation of factors is of 
importance in cleliniiting the eeo1ogic:al clemancls of the sprcies inhabiting 
these major geological zones. 

Many pl~;\~sic~al, as well as fa . l~~ la l ,  tliff(~rcnces exist bctween Plxerto Rico 
and t l ~ e  British Islcs. Yet, the general c'oncl~~sio~is arrived a t  by Boycott 
(1934) i l l  his nion~nncl~tal study of tlie ccloIogy of the land lnol l~~sks of 
Rritilin unay well serve l o  snggest the l'a.ctors that are oft,en basic: in the en- 
v i r o ~ ~ n l c ~ ~ l -  of  liiiid shells. Boycott (1034 : 34) c~o~~c~lndecl : 

4 G111q)y ( 1 8 8 7 )  and IXolliugcr (1909) 11:lvc : ~ l s o  cs:~llrtl attention t o  a n  appnrrnt 
c l ~ e t ~ ~ i c : ~ l  e f f e c t  o f  snhstr:ct:~ on sllails, dtprndirtg on the  n:c1111.r o f  tllc subsoil t h e y  inhabit.  
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Our land Mollusca do not for111 s1)ecific: associations wit11 one anotl~er or with other 
animals or plants. Competition is t l~ereforc an  unimport:~nt factor. Their occurrences 
within their geographical ranges are determined by the coliditions of the environment, 
the   no st import:lnt factors being moisture and lime. TVc iliay distinguish groups which 
affect wet places, dry placcs and lii~man settlements. Tlie rest, about half the species, 
live in ill-defined 'woodland' habitats whosc suitability varies in proportion to  the shelter 
and lime they provide. I11 the alternative classification, \ye 11:tre one calcifuge species, 
about twenty calcicolcs, about eigllteen - \~hich  prefer linle and forty-five wllich are 
indifferent. 

Not only is there a reduction from tlie relatively ilunlerous species in 
the calcareous coastal plains to the fewer forms inhabibing the igneous moun- 
tainous mass, but species such as Polydontes lima and Megalomastoma 
croceum, and perhaps others, that occur throughout both regions are apt, as 
previously shown, to becoine stunted in the mountains. The correlation was 
made with altitude. Actually, the conditions responsible may have been a 
reduction in available lime, which, in turn, may also have been correlated 
with differences in elevation. More important, perhaps, is the uneven distri- 
bution of rainfall. This variation, mused by the prevailing northeast trade 
winds, is one of the most striking features of the island. There is an  un- 
usually high rainfall in the E l  Yunque region. The northward slope of the 
Cordillera Central seems to become progressively drier westward along the 
nort,h coast. The south shore is arid, and in t,he southwest conditions are 
practically those of a desert. Analytical studies of the influence of these 
variations i11 moisture as they influenccl the biology of mollusks would prob- 
ably be a fertile field for study. Similar correlations in reduct,ion of shell 
size with altitude have been made by D'hlte Welch (1938 : 145, 151 ; 1942: 
201-3) for species of Achntinella in Hawaii, and by ICnipper (1939 : 455-62) 
for helicid species of southeastern Europe. 

C .  Oldham (1934 : 131-38) has shown experimeiitally that snails supplied 
with lime build heavier and slightly larger shells than those not supplied 
with this ingredient. Olclham concluded : 

Whilst one must recognize tlic possibility of races of snails having a n  inherent 
capacity for  assimilating lime and constructing shells heavier than the normal and, 
conversely, of races having, with the sarne opportunity, an  inheisent incapacity fo r  con- 
structing shells of nornlal weight, the cvidcnce adduced suggests tha t  i n  most cases, at 
any rate, a f ter  duC allownnee has lwen made for agc differences, the weight of tlie shell 
is t,l~c measure of the snail's opportunity to obtain lime in a suitable form. The question 
:&rises of the propriety of bestowing varietal names because of some quality, obviously 
duo to thc effect of i ts  cnviro~mlcnt upon t,hc individual snail, which in the  view of 
nomcnclators and ~ystematists  shnll rank equally with names bestowed on account of 
somo inborn ant1 hcritnble ql~nlity. To r :~ l l  n sn:iil crassn because it. has enjoyed and taken 
advantage of t l ~ c  opportunity to nssi111i1:~te lirne, or tenrtis because i t  has been denied t h a t ,  
opportunity, is, i t  scrlns to  ~ n c ,  :IS illogical and liltely t,o serve as  little purpose a s  to  
assign t , l~c vnrict,nl nanles drpilnl(c to ;I tonsurcxtl ~ i ~ o n k ,  picta to  a tattooed man, roseola- 
hintcl t o  a girl aildic~t,ed to rouge, or oirlu to a horse with a docked tail. 
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ZOC~(~EOGRA1l'I-IIC REIIA'I'IONS 

Prior to the Pvleso~olc, {lie Al~tllleall , ~ r c < ~  seelns, f'roni the Jragnientary 
bits of cvidcnce available, t o  have been a lo\+, flat (&rest or siiicld. Condi- 
tions ;Ire ass~~nied  to have bev~i q~ii(~sveiit l~ii t i l  s ~ i i ~ c t  inic bet\v('c~i the Jurassic 
,t11cl Vrct;~ccous, wllc~i rtio~i~ltain-forl~iilig c11ai1g(1\, 111cluding volcanic activ- 
ity, took place. I11 tile course of tlicsc c'vc~its the Greater ~ ln t i l l e s  were 
forniecl. Something of the ilature of thew chauges 1s given by Meyerhoff 
(1933) who stated: "If tlie wdters of the ~ l t l a ~ i t i c  and the Caribbean conlcl 
be drained, the Greater iintillean islands wo~rld appear as one of the most 
imposing mountain elcnleilts on the earth." The four main islands, accord- 
ing to him, are conceived of its "huge earth blocl~s clongated from east to 
west," bounded by great block faults which give t h ~  highest n io~~nta i i i  tops 
a nlaxiinum relief of about 38,000 feet above the ocean botton. 

During a cons~derable par t  of the Mesozoic, particularly in the Triassic 
and Jurassic, there appears to have been relatively little geologic activity in 
Puerto Rico. But, in  the Cretaceous, especially during Upper Cretaceous 
time, great volcanic activity ensued. Some subsidence occurred with this 
explosive action, giving rise to a few sedimentary formations among the 
rocks referred to this era. At the close of the Cretaceous, there was a fold- 
ing of the partly consolidated rock, clue to pressure applied from the south 
or Carribean side. The crumpled igneous crust fractured in many places 
and permitted lava to flow out over the pre-Mesozoic beds. I t  is clear, 
however, that the high mountain region of the interior of Pnerto Rico is 
composed primarily of Cretaceous components. Also, i t  shonld be empha- 
sized that there is some evitlcnce that these mountains were connected for- 
nierly with those of Santo Domingo. According to Meyerhoff (1933: 56) : 
"Defornled strata appear par t  way across in Desecheo Island, but the rocks 
and structnres of eastern Santo Domingo have not been studied, and a t  
present i t  is impossible to correlate them with those of Pnerto Rico." I t  
is with some assurance that he later added: "During the early pdrt  of the 
Tertiary period tlie Antillean mountains of Puerlo Rico stretched eastward 
to the Virgin Island, southeast to Saint Croix, and westward into Santo 
Domingo. " 

While the structure of the mountain core of Pnerto Rico is mainly a 
result of Cretaceous events, the establisliment of the prominent coastal plains 
is pttribnted largely to Tertiary time. Two p e a t  masses of Tertiary lime- 
stone, the Salz Sebastian forinatjon in the northwest and the J u a n a  Diaz 
shales in the south-central region, are believed to have been formed by em- 
baymcnts which covered those areas during middle Tertiary time (Meyerhoff, 
1933 : Fig. 10) .  Meyerhoff (1933) stated that in  this same period : "Ap- 
parently thr  dissected Antillean mountains still stretched unbroken across 



Mona Passage, aucl f aullal r l ~ ~ g  ration wei~ t  o ~ l  111 a n  extreniely limited way 
around tire a t ic~lr~atct l  eastel.11 ends of the folds." During the reniairider of 
the Oligocelie llle p ron~lne~l t  11111estolle kilowli as the Lares forlnation was 
laltl clown, intergrading with the Ban Scbastlan shales underizeath. 

Limestoile deposrtlon contil~ued illto the ni~ddlc  Miocene, fornling some 
five distinct formations liavlng ail aecl~mulated thickness of three tilousand 
to four thousanti feet. MeycrhoR (1933 : 71) has n~apped  tlie configuration 
of the islancl clurrng this perloci of coastal l~nlestone fornlation. Later in  
the Miocel~e the island was elevated. Eroslou followed, resulting in  the 
formailon of those features now present in  Ynerto Rico. I t  was in the 
course of this clegradatior~ that the prolninent upper or St. John peneplalii 
(Map 6-1.) mas foiniecl. Tlie relatively high altltude of this peneplain a t  
present is attrrbuted to two upw;~rd movenlents of the earth. The first eleva- 
tlon occurred a t  the end of ifle M~ocene, ~vhen  thc land was ralsed eight hun- 
dred fret. Iienewecl stream activity eventually excavated the deep gorges 
in  which streams now f-low through this penepla~n. A secolid period of ero- 
sion is assigned to the Plloceiic, when the rivers which hacl deeply entrenched 
tllci~iselvcs after ttic first elevatlori, began, accorcl~ng t o  Meyerhoff (1933), 
"to broaclcil therr valleys and cut divides." I l c  atlclcd : "That task did not 
take long, for the nlatrrials are solrlble and they are situated near the sea 
~vliere Ihc s l r c i ~ ~ n  ~o lu lncs  are largest." Thus, a new peneplain was formed 
wh1e11 is referrecl to as the lower pe~~cpl i l in  (Map 64).  

111 Quaternary time, as is par-tly revealed bv stlrclics of the relation of the 
Caguarla pe~ic~plarm i l l  Sallto 1)onlingo and Sailit ('roix to the same pliiin in  
P i ~ e r t o  I t~co ,  tlrerc. \vcbre tecton~c ctlanges that sp11t Pnerto Rico fro111 the 
Virgin Is la~lds  to the east trncl Sailto Igon~lnqo to fllc \vest. Tlic s e p a r a t i o ~ ~  
i\ believccl by Meycrhoff to have been as recent , I \  the close of the glacial 
epoch. Tllis relationship is significant, ~)articularly as it might have an  im- 
portant hear1118 on 7oogeographic consideratro~lr of these island areas. The 
presence of Nc.r~la in both Puerto Rico ant1 Santo Ilorningo lends weight to 
llre suggestion that thesc islantls were fornierly conllccted 

Theories itlld hypotheses regarding the former arrangement of the An- 
tillean 1;rlirt Inasscs are quite diverse. 11 von Tllclring (1931) conjectured 
land bridges, which presuinably spanrietl the Atlantic and Pacific oceans. 
His  discussions are quite hypotl~ctical and sorncwhat abstruse, and there 
are some difficalties in  applyill2 1li5 conjectures to present knowledge of the 
phylogeny and dislribntioil of' \omex groups of mollusks. Perhaps, when 
Inore is known, there will bc. hc.tter opporti~nity for evaluating the conditions 
he postulates. Tn any cvcnt, he  cleserves consideration for attempt in^ to  
corrrlal e the information availabl c. in the fields of geology and zoogeography. 
Railcg Trliilli.; (1932) n\cd "istl~nrian 1inl;s" to connect continents. An im- 



portailt consideratioil Savoring istlimuses rather than coiltiiieiital land 
bridges, such as C;oiicl~va~~alantI c.o~~c.cived b ~ r  Sucss and expou~ltled by Arlclt 
a ~ i d  voll Iliering, is contaiiicd in tllc. basic concc\l)t: "Once a continent, always 
a continent. Once a basill, always a bas~u." Yliis statenlent is supported 
by certain physical coiltlitioiis w11ic.h iilrply that continents are made up of 
ligliter materials which float on or are  supported by heavier masses eon- 
stitutiiig the ocean basins. Connecting continel~ts by istl~inian links not 
only appears reasonable but also eliininatcs serious difficnlties which arise 
when bodies of continental proportions are ltsctl to establish seeliiinply neces- 
sary connections. 

Sonletl~ing of tlie isthmian concept was suggested Sy Vallgll~l (1918). 
Cliarles Schuchert (1935) accepted Vaughn's ii~tcrpretations as glvcn in 
his fuiitl;rmental wol-lr on the Cellozoic l~is tory 01 the Wesf ludies and Central 
Anicrira. Anloiiq the strnetnral provillcvs e s t : ~ b l i \ l ~ ~ d  bjr Fjal~ghll in that 
region is one whic'11 i~lcalutlcs "Hoi1dl;:as and it& c~ol~t~l iuat ion 1,) ant1 incltlct- 
ing Jamaica, sou t l~c . r~~  Haiti, Plrcrto rLi(20. the 7iTirgiil Islands, a a d  St.  
Croix." Schnchert adoptecl this arranprme~lt  in pril~riple,  h i t  amplified i t  
somewhiit in the following 5tatement: 

Rogion 4. (Chal~ters 29-35) cmbrncca, first, the G~.c ;~ter  Antilles. These islands 
are tlie emtern c o i ~ t i n ~ ~ a t i o n  of tlic Central hnic:ir::ri protaxis, one branch of \~h ich  
passes from Rondurns and ~lorthcril Yicnrngi~a across thc snhmc~grd  Bondnrxn platen11 
to  Jamaica and into sorlthern IIaiti-Snn Donlingo; while the rangcs of Guatemala and 
British Ilonduras appoar 1.0 pass t l r rn~~gl l  1111. Caymmis and continue tllrongh eastern 
Cuba across northrrn ITniti-San T)o~ningo. Ilispnniol:~. in fact ,  is n~hrre  tlie Antillean 
protaris  also meets tllc necess:lvy r:rngcs frorn Cubn, :riid tlrcnee, tcgethcr thry  ~s t cnc l  
eastward as  a sing10 range, p a s s i ~ ~ g  throllglr P u e ~ t o  R im nnci the Virgi)i Ts l~nds .  

Several investigators have s~rbjectecl special grol:ps 01' plants and animals 
inhabiting the Greater Antillc\ to alialyses in order to determine whether 
the distributional and phylogeurtic ~-e'atioarhips of the biological elements 
give information bear in^ on coii~lrrtiolls !hat have for,merly existed be- 
tween the varions island? and the rna;nlanii regions as they are now known. 
Schnchert (1935) has ~~~~~~~~c3d tos?ellier t l ~ e  rewlls  of some of these stndies, 
and he has incorporated thv findings of biolopisth ill a chapter of his Antil- 
1 o r  t i t  i o .  Tt is n n ~ ~ c c ~ ~ ~ s s a ~ . g  to make special mention 
of the col~trih~rtions matlc l)y tli:. i~i~tlior..; ~ t l ~ o s c  ~ ~ o r l c  Scllnchert reviews. 
Of the fourtoen sepnratt. s t ~ ~ t l ~ c s  c o ~ ~ s i ~ l ( ~ ~ ~ d .  thi r t~r1i  ewphasize that  thc An- 
til1e;wi rtznnn has Ce~iti.xl Amcric4an affinit~cbi YII  fact, there is essential 
agreement among gcologiht.; and biologists conccrniny the general relation- 
ships, although many 1;iiottg problems rcrnain t:) he solved 

The only dissenting roicr amona the fonrt:.cn j>rcviolrrly mentioned 
seems to he that of E. R Dnnu (1932), mlho re-examined the generic value 
of the cohlhrid snakes of the Greafcr Aiztilles. Hc came to the conclusion 
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that wllen the enclemism in local areas is conside~etl, there were relatively 
few migratio~ls from the mainland. I-Io\vever, his cautious statement ad- 
mits at least that there were "a few migrations." One might well raise the 
question as to where the few groups that are common to the mainland and 
the islands originated. Pilsbry (1911) in his discussion of the nonmarine 
mollusca of Patagonia stated: " . . . I n  most of the families only one or a 
few genera have invaded South America out of a large number in the pa- 
rental lands. " There is evidence here, although in another group of animals, 
that even though but a few genera invade a region, former land coniiectioii 
may be indicated. 

G. G. Simpson (1940) has made an interesting contribution to this prob- 
lem in an article entitled ('Mammals and Land Bridges." He cited the 
West Indies as a classic example of what he termed a "sweepstake route." 
He stated (1940 : 154) : 

I n  the West Indics the Pleistocene land mamnlals included only peculiar rodents, 
insectivores, and ground sloths, without ally of the ungulates, carnivores, and other groups 
abundant on all adjacent co~ltinental  areas. This fauna,  too, i s  inexplicable a s  a result 
of normal filtering on a land bridge such as  here envisaged. I am aware tha t  some 
excellent authorities do maintain tha t  these faunas arrived over bridges (see general sum- 
maiy in Schuchert, 1935), but I can net feel tha t  they have clearly seen or considered the 
conditions tha t  could give such a result. (Fig.  6.) 

The unusual wealth of mollusk species in the West Indies was empha- 
sized in some of the earliest publications dealing with this region. There 
was also a pioneering appreciation by Charles B. Adams of the highly 
characteristic nature of the zoological provinces existing on these islands. 
Thomas Bland (1861) emphasized this in the following statement: ((Seeing, 
moreover, the greater number of both genera and species, absolutely and pro- 
portionately, in the islands under consideration, i t  may not unreasonably be 
suggested that the insular stamp has rather been impressed on the fauna of 
the adjacent continents, than the reverse." Two important divisions, based 
on the distribution of the shells, were made within the West Indies. Puerto 
Rico, Vieques, and islands as far east as Aiiguilla were grouped with the 
Greater Antillean sphere to form one great province in which there was a 
preponclerancc of operculate land shells; the chain of the Lesser Antilles, 
begianing with St. Cliristophcr arid Antigua and going south toward Vene- 
zarla, wns consitlerccl ns nnothcr province in urllich there is a, scarcity of 
ope~.cnlates alid in wllicah the fauna shows more affinities with that of South 
America. Somcvhat Inter, H.  Crosse (1892) gave a number of faunal com- 
parisoils of species in Puerto Rico with those in the remaining islands of the 
Greater A~ztilles. He conclniled that there is a remarkable similarity in the 
faunal groups, a condition which was in accord with the best geological in- 
formation then available. More recently, Schuchert (1935: 90) has divided 
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Antillia into the following four land-shell provinces: " ( a )  Cuba (with tlie 
Bahamas, and southern Florida as an appendage) ; ( b )  Jamaica; (c)  Haiti, 
Puerto Rico, and the Virgin Islands, with the northern, liri~estolle Caribbees 
(Guadeloupe to Grenada).  Triiiidacl and Tobago are related to Soutli 
America. ' ' 

It is of interest to note that since tlie time of Adams, Blandl and Crosse, 
there have been some general accounts of the mollusks of parts of Central 
America. Formerly, emphasis was placed on tlie relation and possible con- 
nections t,liat existed between these insular niollusks and those of the Nort,l~ 
American and South American mainland. North ~lti ierica was vaguely tie- 
fined, and t,he comparisor~s mainly confined to the state of B1lorida. With 
an increase in  l i l i~~i~ ledge  of the fauna of Central America, tlie distribution 
of related forr~is in  tlie Greater Antilles takes on an added significance, par- 
ticularly if i t  can be determined what the inter-relationships of these groups 
i n  neighboring regions are and how they may have come about as inter- 
preted in  the light of more complete geological information. 

Considered i n  terms of the previous worB in Central America, I was im- 
pressed with the striking similarity that exists between the species present 
there and those common to Puerto Rico. Aguayo (193823: 221-25) also em- 
phasized that the fresh-vater forms in  Cuba have Central American affini- 
ties. These affinities, as well as the differences, are emphasized by compar- 
ing species lists available for the following regions: Guatemala (von Mar- 
tens, 1890-1901 ; Hinliley, 1920 ; Goodrich and van der Schalie, 1937 ; van 
der Schalie, 1940), Panama (Pilsbry. 1926), Santo Domingo (Pilsbry, 1933), 
and Puerto Rico (Crosse, 1892). These major areas follou~ somewhat the 
Honduras-Jamaica-Saiito Domingo protaxis established by Vaughn and snb- 
scribed to by Schuchert. I t  becomes obvious that many genera among the 
land shells have bridged the pap now existing between these islands and the 
the mainland. Whethc.r the f a ~ ~ l l n l  similarities empliasized here are sig- 
nificant, and whether t l ~ e j ~  ill.? r rnt lc~wl less significant by the fact that 
many of the closest rclntiolis ;we ;uriol~g small species, is as yet all open 
question. I t  may be iiotccl. l~owevcr, that within the area separation has 
been sufficiently long to per~riit the developlrient of several groups which are 
characteristic for each zone as delimited. Pilsbry (1930) stated that he 
was of the opiriion that there has not been a connection between Central 
America and Cuba or Janiaica later than the Paleocene or Eocene; a de- 
duction he made largely because of the divergence in developnient of some 
groups. Schuchert (1935: 108),  however, believed that Antillia and Cen- 
tral  America " were again united in early Oligocene time and once more 
during the Miocene-early Pliocene." 

Although Schmidt (1943) considers that too niany land bridges have 
been constructed to account for distribution of various animals, he seems 
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to imply, it' I i l~l(.rprct his statement correctly, that  there is a close resem- 
blinice bctwcen the reptiles of the West lilclies and those of Central America. 
EIe stated (1943 : 250) : 

The fanlilies of ~ r p t i l r s  here considered are llsted in the aceon~panying table. I t  will 
be seen tha t  the West Indian fauna includes 13 families, of which only three belong 
to  the Tertiary gronp; but the remaining ten fanlilies may be thought of as  derived from 
Central America rather than a 'South Americ:~n Element' i n  the West Indies. 

Whether he would account for  this similarity by granting a possible "land 
bridge" from Central America to the West Indies is unknown. P. J. Dar- 
lington, J r .  (1938 : 287), admitted : 

. . . tlrc conforlnation of land in t,hc past, with the iiarrowest water gap on the Central 
Aniericari side, and the directio~rs of 1111rric:1ncs have f:~vorcd ilnlr~igr:~tion of nninrals into 
tho Greater Ar~tilles cl~iefly fro111 (knt ra l  A~uoric:~, c.vc71r if there 1l:rvo nc:ver boon corllplrt,c 
1:rnd connections. 'I'he rc la t ions l~i l )~  of t l l r -  I':LIIII:L wit11 (:entral An~crica,  tlrercfore, (lo not 
~~ecessarily i11~1ic:ltc :I Cclrtr:ll Anr(~rii':~t~ 1:rlrd I~ridge,  11or (>:111 geologists say for  sure 
vvtrethcr or not suc.11 a Ijriclgc 11:~s ever existccl. 

I t  is generally ltnowl that  certain of tlie gellcra common to Central 
America and the Greater Antilles have probably managed to invade widely 
separated regions by fortuitous rrieans. Species of Sub~t l ina and Opeas are 
known to have been introduced accidentally into distant regions. Such 
groups naturally have very little value in  studies which attempt to show 
former land connections. I n  order to attain some accuracy i n  solving zoo- 
geogritpl~ical problems, i t  becomes imperative for zoologists to define care- 
fully the ecological demands of many genera in  an  effort eventually to use 
flllly thc information which may prove or disprove some of the theories 
previously advanced. The necessity for  such analysis is evident from the 
following statenlent talten from Schuchert (1935: 83) : 

Another group of animals to whiclr n ~ n c l ~  biogeographic significance is attaclred is 
tho land snails. Thcse shelled invertebrates can live for  many days immersed in sea 
water, and opercul:rte forlns ~ : L I I  sc~l l  tlic:rnsclvcs in their shells a.nd so retain life fo r  
yenrs. 'I'lris latter c:~pability w:~s ac.cicic:nt:~lly disrovc~rcit when shells t,hat had beeti g1uc.d 
or1 mrlscrrnl t : ~ l ) l c t ~  :~ni i  pl:~ccvl on c~sl~iOit,iotr for ~cve rn l  yenrs were soaked in wut,er t o  
rtS~rrovc tlrctrn 1'ronl tllo t,:~I)lct,~, and t,tla :~~tilrr:~ls wero found to bo still alive. By means 
of logs, i 'u~~c: 8tc.m~ :rrrtl r : ~ f t . ~  of plant dcl)ris, sorno snails can be widely distributed . . . . 

This statemc~it, is soluewl~at typical of a kind of broad, sweeping state- 
ment that, often Icads workcrs unfamiliar with the significance of applying 
accurately determined details when sl~ells are used in  tracing former land 
connections to jump to wild conchsions. The t ruth  of Schuchert's state- 
ment is not questioned, but  i t  is important that  a differentiation be made 
between groups that behave thus and those that  do not. Also, even within 
the limits of the species which show such remarkable survival, some detailed 
information regarding theii. distriblxtion i n  natnre is necessary before it is 
possible to adhere to  claims that even these snails are carried from island to 
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island by "waif dispersal.'' At  present, the list of genera and species of the 
Antilles and Central America is hardly complete, not to mention that little or 
nothing is lrnown about many of the significant ecological and distributional 
aspects so necessary for sound reasoning in zoogeographical problems. If,  in 
the future, a firm foundation can bc built by carefully recording pertinent 
biological information about somc of the lrey groups, it is quite possible that 
the problems that pertain to the establishment of some of the former land 
connections will be solved. Geologists are aware of the contributions which 
can be made in this field by biologists. Schuchert (1935: 109-10) stated: 

Tho greatest wcaltricss in the land connectionv l~e re  discusse(2 is in thc area of the 
Nicaraguan-Rosalind.Pedro banks, whicli m;lhc the continent,zl conncctiol~s via Jamaica 
botween tlie Greater Antilles and Central Amclic:~. Tliis is tile crux of our disagreements. 
Thcso connections must, a f ter  all, be adjostrrl among thc biogeographers, and mainly on 
tho basis of the present land life since but littlc of tile ancient life will ever be recovered. 

The problem of dispersal of animals is often decidedly complex. Some 
investigators have indicated that birds might serve as agents in the dis- 
tribution of snails, especially for fresh-water pulmonates. I n  the West 
Indies, evidence has been given by De la  Torre, Clench (1938), and others 
working with molluslrs, that hurricanes may have been instrumental in dis- 
tributing a number of species. P .  J. Darlington (1936) has given a very 
informative discussion of the effects of hurricanes in dispersing animals 
with particular reference to transporting animals from Central America 
to the Greater Antilles. C. Montague Coolre (1926: 2280), who has made 
extensive studies of the land shells of many Pacific Islands, stated: 

The distribution of smaller species (most of which are less than five millimeters in 
length or diameter) is partly due to tlic Polynesians and partly to  natural  causes, of 
~vllicli the most important is  probably l~urricanes. Practically all species of snails tha t  
inhabit forests or the higher portions of an  island are peculiar to a single island, and 
with very few exceptions they never get beyond a single group of islands. 

I n  this connection, it is of interest to note that in Puerto Rico several of the 
minute land shells which are previously listed (page 114) as confined more 
or less to the haystack knolls of the coastal plains, behave in a manner strik- 
ingly similar to that of some of the small forins studied by Cooke. 

From the evidence available, there seems, as Darlington (1938) has 
ably indicated, to be a decided lack of evidence to prove conclusively whether 
the Antillean fauna crossed from Central America to the West Indies across 
water gaps or over land bridges. The whole matter of distribution and 
origin of this fauna appears as yet most inconclusive. Perhaps, when suf- 
ficient detailed information is available from the several fields that can con- 
tribute to the solution of this problem, a clearer concept can be attained of the 
origin of these insular animals. 
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PLATE I 

A-ilcndia striccta (Lamarck) .  a. Height, 7.2 Inm.; witltll, 11.0 mnl. 1). Flcigllt, 
4.7 mm.; x id th ,  8.0 mm. 

Alcadia hjalmarsoni (Pfeiffer) .  Height ,  4.5 mm.; ~ i d t l ~ ,  7.0 nini. 
Alcadia alta (Sowerby). Height ,  4.3 mm.; width, 4.6 mm. 
Helicina p h i a n e l l a  "Solr-erby" Pfeiffer. Height ,  6.1 mm.; widtll, 8.G mm. 
L~ccidella vinosa (Shutt leworth) .  Height ,  1.9 mm. ; ~ r - i d t l ~ ,  3.7 mm. (7. Front  

view. b. Basal  view. 
Lucidella m b o n a t a  (Shutt leworth) .  Height ,  3.4 mm.; width, 6.0 mm. 
Fadyenia portoricensis (Pfeiffer) .  Height ,  2.2 mm.; width, 2.6 mm. 
Ceratodiscvs p o r t o r i m w  Pilsbry a n d  Vanatta.  Height ,  1.2 mm.;  v id th ,  3.3 

mm. a. Front  view of cleaned specimen. b. Top viexv of same weathered 
specimen, c. Basal  \<ern of a fresh specimen with soil at tached to  sllcll. 

Stoastomops puertoricana H .  B. Baker. Height ,  2.0 mm.;  width, 2.7 mm. 
Stonstomnaps borigueni H .  B. Baker. Height, 3.3 mm.; width, 4.4 mm. 
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PLATE I1 

Megalomastoma croceum (Gmelin). a. Height, 37 mm.; width, 11 mm. This 
specimen has the dimensions of larger forms on the coastal plain. b. Height, 
20.5 mm. ; width, 8 mm. These dimensions indicate the stunting that occurs 
in the uplands. 

Megalomastoma werruculosum Shuttleworth. Height, 10.2 mm.; width, 5.3 mm. 
Licina deczlssata (Lamarck). Female: height, 17.5 mm.; width, 8.5 mm. 
L i c i w  aguadillensis (Pfeiffer). Male: height, 14.0 mm. ; width, 6.8 mm. 
Licina graminosa H. B. Baker. Female: height, 15.2 mm.; width, 8.0 mm. 
Chondropoma riisei (Pfeiffer). Male: height, 12.4 mm.; width, 5.0 mm. 
Chondropoma blauneri (Shuttleworth). Male: height, 16.5 mm.; width, 7.0 mm. 
Chondropoma conseptum (von Martens). Male: height, 14.0  mm. ; width, 6.5 mm. 
Chomdropoma yzvnquei H. B. Baker. Male: height, 13.0 mm.; width, 5.4 mm. 
Chondropoma swi f t i  (Shuttleworth). Female: height, 11.0 mm. ; width, 6.0 mm. 
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PLATE I11 

F I G .  1. 
FIG. 2. 
FIG. 3. 
FIG. 4. 
FIG. 5. 
FIG. 6. 
FIG. 7. 

Pupisoma minus Pilsbry. Height, 1.3 mm.; width, 1.5 mm. 
Pupisoma dioscoricola (C. B. Adams). Height, 1.3 mm.; width, 1.5 mm. 
Bothriopupa tenuidens (C. B. Adams). Height, 1.4 mm.; width, 1.0 mq.  
Pupoides nitidulus (Pfeiffer). Height, 3.8 mm.; width, 1.8 mm. 
Gastrocopta servilis (Gould). Height, 2.0 mm.; width, 1.0 mm. 
Gastrocopta pellzicida (Pfeiffcr). Height, 1.6 mm.; width, 0.8 mm. 
Guppya gmdlachi (Pfeiffcr). IIeiglit, 1.4 mm.; width, 2.5 mm. a. Front view. 

b. Basal view. 
Habroooms cf ernsti (Jousseaume). Height, 2.5 mm.; width, 2.8 mm. 
Dawaiia minuscula (Binney). Height, 1.0 mm.; width, 1.9 mm. 
Betinella ivzsecta (von Martens). Height, 2.2 mm.; width, 5.0 mm. a. Front 

view. b. Basal vicw. 
Str ia two mcridionalis (Pilsbry and Ferriss). Height, 0.5 mm. ; width, 1.4 mm. 
Zonitoides arboreus (Say).  (cf Heliz bryodes Shuttleworth). Height, 1.5 mm. ; 

width, 4.1 mni. a. Front view. b. Basal view. 
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PLATE IV 

Sucainea appro&mans Shuttleworth. Height, 9.4 mm.; width, 5.5 mm. 
SzlccLnea hyalina Shuttleworth. Height, 8.2 mm.; width, 4.6 mm. 
Szlccinea riisei Pfeiffer. Height, 9.9 mm.; width, 5.7 mm. 
Miradiscops sp. Height, 1.0 mm.; width, 1.7 mm. 
Cecilioides gundlachi (Pfeiffer). Height, 4.0 mm. ; width, 1.1 mm. 
Ceoiliokies consobrina (DIOrbigny). Height, 2.0 mm.; width, 0.7 mm. 
Opeas pumilzlm (Pfeiffer). Height, 4.5 mm.; width, 1.7 mm. 
Lamellaxis monodon opalescens (Shuttleworth). Height, 5.0 mm. ; width, 2.8 mm. 
Ohelisms terebraster (Lamarck). Height, 28.3 mm.; width, 5.5 mm. 
Obeliscus swiftianw (Pfeiffer). Height, 8.0 mm.; width, 2.3 mm. 
Lamellaxis gracilis (Hutton).  Height, 5.5 mm.; width, 2.1 mm. 
Lamellaxis micra margaritacez~s (Shuttleworth). Height, 4.0 mm.; width, 

1.8 mm. 
Lamellaxis zvnilamellata (D 'Orbigny). Height, 8.3 mm. ; width, 4.4 mm. 
Szlbulina octona (Bruguihre). Height, 14.0 mm.; width, 3.7 mm. 
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PLATE V 

Obeliscws domi~iomsis hasta (Pfeiffer). Height, 17.1 mm.; width, 3.0 mm. 
Taricella oalderoni H. B. Baker. Height, 12.5 mm.; width, 4.2 mm. 
Emricella sporadica EI. B. Baker. Height, 11.4 mm.; width, 3.5 mm. 
Varicella terebraefo~mis (Shuttleworth). Height, 11.5 mm.; width, 2.9 mm. 
Laevarioella interrupts (Shuttleworth). Height, 15.5 mm. ; width, 6.2 mm. 
Laevaricella playa H. B. Baker. Height, 31.0 mm.; width, 11.0 mm. 
Laevaricella glabra (Pfeiffer). Height, 23.2 mm.; width, 11.0 mm. 
Varicella portoricensis (Pfeiffer). Height, 19.0 mm.; width, 6.3 mm. 
Austroselelvites concolor (F6russac) H. B. Baker. Height, 7.4 mm.; width, 

18.0 mm. a. Front view. b. Top view. c. Basal view. 
Azlstroselmuites alticola H. B. Baker. Height, 8.7 mm.; width, 20.5 mm. 

a. Front view. b. Top view. 
Gulella bicolor. (Hutton). Height, 6.0 mm.; width, 2.0 mm. a. Front view. 

b.  Enlargement of aperture. 
Thysanophora plagwptycha Shuttleworth. Height, 2.0 mm.; width, 2.5 mm. 
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Moleania darlingtoni Bequaert and Clench. IIeight, 3.5 mm.; width, 11.5 mm. 
Platysuccinea portoricensis (Shuttlewortli). Ileiglrt, 18.6 mm.; width, 14.5 mm. 
Lacteolmu selenznw (Gould). llciglit, 2.0 mm.; w~dtli ,  4.0 mm. a. Front view. 

6. Top view. 
Hicrocon?ts cf. wzllitlnaa (Pfeiffor). ITcigl~t, 1.9 mm.; width, 2.7 mm. a. Front 

view. b.  Basal view. 
Y m q u e a  denselirata H. B. Baker. IIeight, 2.3 mm.; width, 4 mm. 
Pleurodonte marginella (Gmelin) . Height, 12.5 mm. ; width, 32.5 mm. 
Pleurodonte carocolla (Linnaeus). Height, 23.0 mm.; width, 56.0 mm. 
Polydontes lima (FBrussae). Height, 16.0 mm.; width, 25.5 mm. 
Polydontes luquillensis (Shuttleworth). IIeight, 25.0 mm.; width, 33.0 mm. 
Polydontes acutangula (Burrow). Hcight, 10.0 mm. ; width, 37.5 mm. 
Zachmlsin auricoma havanensis Pilsbrv. Height. 17.0 mm. : width. 24.5 mm. 
~ e p o l i s  musicola (Shuttleworth). ~ e < ~ h t ,  6.5 &m.; width; 6.0 mk.  
Cepolis souamosa (FBrussac). Height, 7.5 mm.; width, 16.5 mm. 
~ & o l i s  biripuenae'H. B. ~ & e r .   eight, 7.8 mm.; width, 13.0 mm. 
Cepolis dermatinu (Shuttleworth). Height, 9.0 mm.; width, 14.0 mm. 
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PLATE VII 

FIG. 1. Bulirnulus exilis (Gmclin). Height, 19.0 mm.; width, 8.5 mm. a. Normal form. 
b. Scalariform specimen. c. Normal sculpture on nepionic whorl of scalari- 
form specimen. d. Basal view of same specimen. 

FIG. 2. Macroceramus microdon (Pfeiffer). Height, G.5 mm.; width, 2.5 mm. a. Normal 
specimen of coastal plain. b. Enlargement of nepionic whorl. c. Larger 
form of uplands designated as variety: shuttleworthi. Height, 16.5 mm.; 
width, 5.0 mm. 

FIG. 3. Pseudopineria viequansis (Pfeiffer). Height, 4.7 mm.; width, 2.8 mm. 
FIG. 4. Microoeramus guanicanus H. B. Baker. Height, 7.0 mm.; width, 2.8 mm. 
FIG. 5.  Cerwn crassibbris ("Shuttleworth" Sowerby). Height, 19.4 mm.; width, 

8.8 mm. 
Fro. 6. Nenia tridens (8chweigger). Height, 27.0 mm.; width, 5.3 mrn. a. Enlargement 

of aperture. b. Front view. 
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PLATE V I I I  

FIG. 1. 
FIG. 2. 
FIG. 3. 
FIG. 4. 
Fra. 5. 
FIG. 6. 
FIG. 7. 
FIG. 8. 
FIG. 9. 
Fro. 10. 
F I ~ .  11. 

Aqcebana uelu tha  (Lamarck). Height, 7.0 mm.; width, 12.9 mm. 
Zyalosagda subaquila (Shuttleworth). Height, 2.8 mm. ; width, 4.7 mm. 
Drymaeus v i~gu la t z~s  (FBrussac). Height, 26.0 mm.; width, 11.5 mm. 
Drymaews liliaceus (FBruasac). Height, 26.8 mm. ; width, 11.8 mm. 
Gneotis nigrolineata Shuttleworth. Height, 35.0 mm.; width, 14 mm. 
Brachypodella riisei (Pfeiffer). Height, 12.9 mm.;  width, 2.0 mm. 
Brachypodella portoricensis (Pfeiffer). EIeight, 16.3 mm.; width, 2.8 mm. 
Brachypodella pallida (' 'Guilding" Pfeiffer). Height, 11.3 mm. ; width, 2.5 mm. 
Lymnaea cubensis Pfeiffer. Height, 7.6 mm.; width, 4.6 mm. 
Lymwea  (Pseudosuccinea) columella Say. Height, 10.3 mm.; width, 6.2 mm. 
Physa czcbensis Pfeiffer. Height, 7.2 mm.; width, 4.9 mm. 
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PLATE I X  

Fro. 1. 
Fra. 2. 
Fra. 3. 
Fro. 4. 
Fro. 5. 
FIG. 6. 
Fro. 7. 
Fro. 8. 
Fro. 9. 
Fro. 10. 
FIG. 11. 

Helisoma c a r i b a e m  (D'Orbigny). Height, 7.5 mm.; width, 16.8 mm. 
nel isoma t e r v e r i a n m  (D 'Orbigny) . Height, 2.3 mm. ; width, 7.5 mm. 
Tropicorbis ri isei (Dunker). Height, 2.0 mm.; width, 5.0 mm. 
Trowicorbis albicans (Pfeiffer). H e i ~ h t .  1.6 mm.: width. 5.3 mm. 
~ w > r ~ l o r b i s  g l a b r a t d  (say).' ~ e i ~ c t ,  7.0 mm.; 'width, 22.0 mm. 
Tropicorbis decipiens (C. B. Adams). Height. 0.9 mm.: width, 2.8 mm. 
~ i s h i z u m  sp. ~ e i ~ h t ,  2.5 mm.; width, 3.0 km. 
Drepanotrema anatinurn (D 'Orbigny). Height, 1.0 mm. ; width, 1.6 mm. 
Uncancylus conoentricus (D'Orbigny). Height, 2.0 mm.; width, 5.3 mm. 
Ferrissia beaui (Bourguignat). Height, 0.7 mm.; width, 2.7 mm. 
Potamopyrgus coronetus (Pfeiffer). a. Smooth form: height, 3.3 mm. ; width, 

1.7 mm. b. Coronate form: height, 4.0 mm. ; width, 2.2 mm. 
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Variation in Megalomastoma croc,eum (Gmel in) ,  illustrating a pro- 
gressive increase in size f r o m  the higher e leva t ions  t o  the coastal plain. 
The upper three specimens are from higher altitudes (length, 22, 25, and 26.5 mm.) ; the 
middle three are from the uplands (length, 28.5, 30.5, and 31.5 mm.) ; the lower three 
are from the coastal plain (length, 32.5, 34, and 35 mm.). 
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PLATE XI 

Two views of the coastal plain of Puerto Rico showing the conditions 
which have been responsible for a considerable reduction and change of 
the original mollusk fauna. 
FIG. 1. A coconut grove usually found on the alluvial plains. 

FIG. 2. A view of the extensive region used for growing sugar cane. 
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Fro. 1 



PLATE XI1 

Two views across the upper peneplain of Puerto Rico. 
FIG. 1. Extensive clearing of the wide plain as seen from foothills in the region of 

Aguas Buenas and looking south toward Cayey situated a t  the base of the 
Cordillera Central. 

FIG. 2. A closer view of the upland hills to indicate the extent to which many of them 
have been cleared of vegetation. 
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PLATE XI11 

Scenes along river valley roads indicating the immense amount of 
clearing that has taken place. 

FIG. 1. Abandoned farm land which is slowly beginning to develop a new ground cover. 

FIG. 2. Poorly constmeted houses along a river valley, The lack of sanitation in such 
homes helps t o  maintain a high incidence of diseases such as  Schistosomiasiu. 
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PLATE XIV 

Two views of vegetative cover in which mollusk collecting was 
reasonably good. 

FIG. 1. The type of upland forest in which coffee is grown. Such regions, if undis- 
turbed, have sufficient moisture and vegetative cover to maintain snail 
populations. 

FIG. 2. The karst topography of the extensive coastal plain west of Bnyamon. These 
rugged limestone knolls are undisturbed by agriculture, and they harbor 
a large and characteristic mollusk fauna. 
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~ ~ I o I I ~ ~ ~ ~ ~ I ~ I I I I : ~  13, 31. 35 

bl:~uneri 14, 33-34, 113 
conscgt~lui 13, 94-35 
newtorii 32 
riisci 14, 9%34, 113-14 
sxvifti 13, 35, 112 
t,cbrcl~m 32  
l.ortolc~nsc~ 35 
yllrlqu" i 3, 35 
(~lroridrol~omorus) yunquei 35 

Cireinnri:~ (i7 
co~leolor (57 

Cistula aguadillcnsis 31 
conscptx 34 
riisei 32 

Clausilia 97 
tridcns 97 

Cyelostoma (Chondropoma) blauneri 33 
deeussata 31 
(Cl~ondrol~o~nn)  newto~li 32 

sc~lt ieosu~n 31 
(Cllondropoma) swiftii 35 
(Megalomastoma) verrucnlosum 30 
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Cyclot,us portoriceusis 26 
Cylindrclla portoricensis 92 

rilsci 93 

Di:lphei-a 69 
U~aphora  ($9 

bicolor 69 
Drcp:~notrr~ria 104 

a n : ~ t i n ~ ~ m  99, 10.1 
hofflnani 104-5 
luciduni 104 

Drymaens clongatus 80 
hjalniarsoni 91 
lili:~rc~rs 17, 90-91, 113 
vivgi11:~tns 17, 89-90, 113 

TlGnnc:~ bicolor 69 
l ' : r ~ ~ ~ t i > ~  e r ~ ~ s t i  45 
1~:ut~oeliatclla trochulina 20 

Fadycnia 24,  25 
portorieensis 14, 23-24, 113-14 

Farcimen (Ncopupina) croceum 26 
(Neopupina) curtum 26 
(Ncopnpina) hjslmarsoni 26 

Fasciol:~ lrepatiea 100, 106 
Ferrissia be:rui 100, 106 

Gaeotis albopunctulata 91 
flavolineata 91 
malleata 9 1  
1iigroliiic:ita 91 

Gastrocopta 41 
pellncida 18, 38, 4 1 4 2 ,  113-14 
servilis 18, 39, 4 0 4 1 ,  113-14 
scrvilis riisei 40 

Glandina g l ab r :~  66 
~n tc r rnp ta  65 
snlenlosa (i3 
tc~rc1,r:lctormis G3 

Gulella 69 
bicolor 18, 68-69 

Gul)py:i gundlncl~i IG, dd-45, 114 

I-labroconus 45 
(l(Crnstia) crnsti 45 
cf. crnsti 16, 45 

Haplotrem:~ 67 
(Zophos) concolor 67 

IIawaiia 46 
minuscula 16, 45-46 

I-lelicina alta 20 
fasciata 21 
H,j:~l.mnrsoni 19 
phas~anella 14, 61-22, 114 
striata 18 
Crochulina 20 
umbonata 23 
vinosa 22 

Helisoma c:~ribaeum 100, 102 
lentum 102 
tervcrianum 100, 103 

Helis (ii 

acut:mgnla 80 
;ing111:1ta 81 
arborcuv 49 
1ll.yOdeS 4.7 
carocolla 76 
concolor 67 
croccl:l 26 
clcrlnnlina. 86 
diosc.oricola 37 
elongnta 89 
euclasta 83-84 
esilis 87 
(Cocl~logcna) fraterenlus 88 
good:~lli 51 
gu~itllachi 44 
(Micropl~ysa) krugiana 74 
( ( : o c h l o g ~ ~ ~ : ~ )  lili:rca(,:~ $10 
(1lclicognn:r) lirna 77 
luqiiillensis 82 
n1:rrginelln 75 
(Carocolla) nlargi~lella 75 
rninuseula 45 
musicola 83-84 
plagioptycha ti9 
selcnina 73 
srlua~nosn. 84 
sub:lquila 72 
s~~bl lyal ina  47 
unilamellata 55 
velutina 72 
(Coclilogcn:~) virgulnta 89 
vol.ter 73 
n.ilhrhni 70-71 
(Pa  tula) willicllni 71 

Ilyalina inseeta 46 
11y:llinin suhhyalina 47 
I-Iy:~losagda 73 

sul)aqnila. 15, YZ-73 
(Microsagda) subquila 72 

IIydrobia ;jcnBinsi 107 

Lacteolllna 73 
ltrugiana 71 
scleniiia 15, 73-74, 114 
sabaquila 74, 114 

Laevarieella 65-66 
glnbra 16, 65-66, 113 
(Boriqucna) glabra 66 
int,c~rrr~pta 16, 65 
playa 16, 66-67 
(Boriquena j playa 66 

Lamellaxis 61 
aeicularis 55 
alatastrina 55 
gompliarium 5 5  
grncilis 17, 52-53, 61, 113 
micra 17, 52-54, 61, 113 
miera margaritaceus 5.3, 114 
monodon opalescens 17, 54, 114 
paludinoides 55 
unilarnellnta 17, 5;-56, 114 

Leptinari:t 54, 5G 
aciculnris 55 
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:~ntillarum 56 
lamcllatx 56 
monodon 55-56 
monodon opalcscens 54 
op:~lesecns 54-55 
stylodon 54 
uni1:~mellata 56 

Licina 13, 33, 35 
aguadillcnsis 13, 31-32, 113 
deeussata 13, 31-32, 113 
graminosa 13, 32, 112 
(Choanopomops) graminosa 32 

Limnnca cubcnsis 100 
Lucidclla 24 

unlbonata 14, 20, 23, 113-14 
vinosa 14, 23-23, 113-14 

1,yrnnaca columella 99-101 
(I'sc~ndosoccincn) columelln 100 

cubensis 99-100 
(Nasonia) cubensis 100 
(P~elldosuecinea) francisea 101 

Lyroeonus 70 

Macroceramus 96 
joh:~nnis 96 
microdon 17, 95-96, 113-14 
microdon shuttleworthi 96 

Macrocyelis 67 
Mrlcania 70 

darlingtoni 13, 70, 110 
Mepalomastoma 13, 30 

croceum 13, 26-30, 58, 72, 113-15 
croceum curtum 26 
crocenm f. hjalmarsoni 110 
curtum 28, 30 
cylindraceum 26 
l~jalnlarsoni 26-28, 30 
~erruculosum 13, 30, 110 
(Ncgalomastomoides) vcrruculosum 

hticroceranins gunnieanus 17, 96, 112 
Microconus 70-71 

cf. wilhelmi 70-71 
3Tir:ldiseops 16, 4.9 
Morrchia 67 
Morchia 67 

Nenin 97, 117 
tridens 14, 97-98, 110, 113 

micra margaritaceurn 53 
pamilum 17, 51-52, 61, 113-14 
subula 52 

Paludina coronata 107 
Peruinia 97 
Physa cubensis 99, 105-6 

(Physelln) cubensis 105 
sowerbyana 105 

Pineria 94-95 
beathenna 95 
viequensis 94 

Pisidium 99, 106 
abditum 108 
eo~lsanguiileum 108 

Planorbis albicans 103 
(Planorbula) albicans 103 
anatinus 104 
earibaeus 102 
circumlineatus 100, 104 
deeipiens 104 
glabratns 101 
guadaloupensis 101 
haldemani 104 
luridus 105 
macnabianus 105 
refulgcns 101 
riisei 103 
sci~rammi 105 
tcrveri:lnus 103 
tumidus 102 

Planorbula albirans 103 
Platysuceinea portoriccnsis 18, 74-75 
Pleurodontc 111 

aeutangula 15, 8 1  
(Polydontes) angulata 81  
bornii 75 
earocolla 15, 76-77, 82, 113 

30 inccrtn asperula 80 
lima 77 
luquillcnsis 82 
msrginclla 15, 75-76, 111, 114 

Polydontes aeutangula 77, 80, 82, 110 
c:~strensis 79 
incerta 80 
lima 15, 58, 77-80, 111, 113-15 
limn, f. marieao 110 
luquillensis 15, 76, 83, 110 

OJcliscns 61  
dorninicensis 62 
dorniniccnsi.: Ilnsln 14, 60-61-62, 113-14 
swiftianus 17, 60-61, 113-14 
ttxrcl)rastcr 17, ,5740, 110, 113-14 

Oncliidium occidcntale 36 
Opeas 52, 121 

:11;11):1strirlt11ii 55 
nlabastrinus 55 
gomphnrium 55 
goocl:rlli 51-52 
gracile 52 
margaritaceus 53-54 
micrn 54 

mgricno 80 
Potnmopyrgus coronatus 99, 107-8 

icnkinsi 108 
~&udob :~ lea  dominicensis 61  
E'sc~idopineria 94 

riequensis 94-95, 113-14 
P scudosurcincn columella 100 
Pupa bicolor 68 

crassilabris 97 
llcsodon 37 
pellueida 40-41 
riisei 40 
scrvilis 40 
striatclla 97 
tcnuidens 39 
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Pnpisoma dioscoricola 18, 37, 69, 113-14 
n i i n u ~  18, 36, 113 

Prtpoides ~uarginatus  38-39 
1n:rrgin:~tus nitidulus 38 
nitidulus 18, 88-39 

Pyr:~midula 71 
rupcwtris 71 

Scllistosonln mansoni 9, 102 
Selenites ti7 
Sinlpuloysis 74 

portorieensis 74 
psidii 89 

Spiraxis paludinoides 55 
Stenogyra (Subulina) aeicularis 55 

(Opens) alabastrina 55 
(Opcas) Gomphariuln 55 
(0pe:rs) nlargaritacca 53-54 
subola 52 
swiftiana 60 
telebraster 57 

Stoasto~ua 24, 26 
portorieense 23 

Stoastomops boriqueni 14, 65, 112 
(Swiftella) boriqucni 25 
1n1crtoric:tna. 14, 2.7, 11 2 

Stria trlr:? rneridionalis 16, 48-49, 114 
(L'~cutlol~yalin:~) nlc~ridion:llis 48 

sll:lvlt:l8 72 
S11b111111:l. 57, 111, 121 

:teicul:~ris 55 
octonu. 17, 18, 52, 56-57, 87, 113-14 

Suecirlca 43, 44 
approxirnans 18, 43  
avara 44 
hyalina 18, 42-43, 114 
riisei 18, 43-44 

Temesa 97 
Thysanophora 69-il 

dioscoricola 37 
Itrugiana 74 
mnsicoln 83 
plagioptyeha. 16, 37, 69-70, 114 
subnquiln 72 
velutinn 72 
vortex 73 

Tropieorbis albicnns 100, 103 
decipiens 100, 104 
riisei 100, 103 

Turbo tridcns 97 

Unc:~ncylus 3 07 
coneentricus 100, 106 

T'aginulus lcrai~ssii 35 
occidcntalis 18, 36 
plcbeius 36 
(Sarasinula) plebeius 36 

Varicelln 64-65 
cnldcroni 16, 63 
(Vagavarix) ealderoni 63 
dlstnns 65 
glabra 65 
(Laevaricella) glahra 66 
glabra gracilior 66 
imprcssa 64 
imprcssa tcrebraeformis 63 
(Laevnrieclla) interrupts 65 
(Laevaricella) playa 66 
portoricensis 16, 63-63, 65, 113-14 
(Vagavarix) portorieensis 62 
sporadica 16, 63, 65 
(Vagavarix) sporndiea 63 

Varicella suleulosa 63-65 
(Vagavarix) suleulosa 63 
tercbracformis 16, 63-65, 113-14 

Trerouicella Itraussii 55-36 
(Lcidyuln) liraussii 36 
occ*~dentnl~s 36 

Vertigo 38 
llexodon 37-38 
ovat:~ 37-38 
nliliuni 38 

Vitrea insccta 46 
rrlilium lncridionnlis 48 

Yunquea 71 
denseliratn. 15, 71 

Zaehrysia 82-83 
a~iricoma 15, 82 
auricoma havanensis 50, 82-83, 114 
~ ~ r o v i s o r i ; ~  83 

Zonites bryodes 49 
dioseorieola 37 
plagioptycha 69 

Zonitoides :trboreus 16, 48-49, 75 
(Zonitellus) arboreus 49 
lnillusculus 46 

Zophos G i  










