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ABSTRACT 

A taxonomic revision of the Bulimulidae of Sonora, Mexico 

is undertaken. The existing species are redescribed and their 

ranges given. Four new species are described and one species 

synonymized on the basis of anatomical and conchological 

characteristics. In addition a new genus, Drymaeus Albers, 1850, 

is recorded for the state and several species are reassiened from 

Rabdotus Albers, 1850 to Naesiotus Albers, 1850. 

The zoogeography of the Sonoran species and genera is also 

presented along with their relationships to congenerics in the 

rest of North Americs. It was determined that one of these genera 

Naesiotus has a North American-South American disjunct 

distribution and that both it and Rabdotus probably had Southern 

Hemisphere origins. The mechanisms of isolation and dispersal are 

discussed and a microplate tectonics model is presented to explain 

them. The Gondwanaland distribution of the subfamily is also 

described. 
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INTRODUCTION 

The genera in the family Bulimulidae that inhabit Sonora, 

Mexico, Rabdotus, Naesiotus, and Drymaeus, were all described by 

Albers in 1850 from other localities. Dall (1893, 1897) and 

Pilsbry (1928) named the only species of Bul:tmutidae from Sonora 

before this study was conducted. Although Pilsbry's species, ~. 

sonorensis turned out to be synonymous l-lith one of Dall's, Pilsbry 

was the first of these authors to enter the Sonoran area, and he 

did accurately name species in other families from Sonora. For 

that matter, Dall was also inaccurate in his work, ascribing a 

species to Baja California that exists only in Sonora and Sinaloa. 

Other authors have done valuable extensive treatments of the 

Bulimulidae and the subfamily Bulimulinae (Pilsbry, 1897-8, 1899; 

Van Mol, 1971; Breure, 1979) which enable the worker in the field 

to compare what he has found l<lith species and genera from the rest 

of the world. Though these are a great help, they have a 

limitation in that although the broad outlines of the family are 

known, members of the Bulimulidae have been studied intensively in 

comparatively few places. Without intensive study, ranges are not 

known, species complexes not recognized, and physical limitations 

of populations cannot be deduced. Without these types of 

information, it is much more difficult to deduce the history of 

evolution and distribution of taxa from species to families. 
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The Bulimulidae in the United States have been quite 

thoroughly studied, and thanks to Christensen (1978), those of 

Baja California, Mexico are also well known. It seemed to me that 

Sonora, Mexico would be the next logical area for in-depth study. 

There were only three species described from Sonora,' each 

described using shell alone and without any information being 

supplied regarding their internal anatomies. I found this 

particularly interesting since both Arizona and Baja California 

are known for having a multiplicity of species but lack species of 

large land snails that cover large geographic areas, as do the 

Bulimulidae of Sonora. I therefore expected to find many new 

species all in the single genus, Rabdotus that was reported from 

Sonora. Instead I found only four new species but two new genera. 

The al~ost complete lack of knowledge of the genitalia and other 

anatomical features of the Bulimulidae of the region has made the 

understanding of the taxonomy of the Bulimulidae in Sonora rather 

tenuous, and without good taxonomy, systematics and biogeography 

cannot be understood. 

Species were determined according to the definition of 

Mayr (1942) that species are " •••• groups of actually or 

potentially interbreeding natural populations which are 

reproductively isolated from other such groups." This works well 

in theory, but it is almost impossible to conduct studies of 

interbreeding among these snails, due to the time that it would 

take to raise individuals to insure that they had never mated, 
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then breed them, and finally, raise their offspring to determine 

their mating success or observe their chromosomes. This procedure 

llould take at best many years and its success would be far from 

assured even then because of the high mortality rate of the snails 

and the extreme dificulty of collecting live individuals. For the 

foregoing reasons species were interpreted mostly by observing 

their anatomies. In order to differentiate species, a number of 

features were observed including venation in the palia! cavity, 

shape of jaw and radula and coloration of the mantle. These showed 

no consistent differences among populations. The reproductive 

anatomy and shell shape were more useful. Major consistent 

differences in the reproductive anatomy probably reflect 

reproductive isolation and, thus, were used as the major criterion 

for naming a new species and recognizing existing species once the 

anatomy was known; consistent differences in shell shape as well 

as consistent major differences in shell size were considered also 

to constitute differences at the species level and had the 

advantage that they also make the species easier to identify. This 

is particularly true when using dry collections or when only 

shells are found in the field. All of the new specias described in 

this study contain differences in both reproductive anatomy and 

shell shape. Subspecific differences, on the other hand consist 

usually of minor differences in the shell, or: in the reproductive 

tract that are too minor to result in reproductive isolation. 

There were no subspecies named in this study since, though some of 
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the wide-ranging species show such variation, it is not consistent 

and there is much overlap among populations. 

The purpose of this study was to explore the state of 

Sonora, Mexico in order to revise the Bulimulidae of the region. 

Since all of the Bulimulidae of Sonora are in the subfamily 

Bulimulinae, this work was confined to the Bulimulinae. In tl1is 

revision, I had hoped to find and name new species, synonymize 

species where evidence indicated, and verify the generic status oE 

the Bullmulinae within Sonora. In addition, I planned to determine 

the zoogeography of Sonoran Bulimulinae. In order to do this I 

studied present zoogeographic patterns and from them and other 

evidence, extrapolated past patterns and distributions within 

Sonora. By observing similarities and differences in the 

distribution of other taxa as well as these taxa in other ~laces: 

I drew inferences about distribution and zoogeography of the 

subfamily. 

1~is research has indicated that there are three groups of 

species of Bulimulinae within Sonora. Prior to this, two of these 

groups were considered to be in the genus Rabdotus and the third 

was unknown. I have taken each of these groups in turn, descri.1>lng 

species first, then doing any necessary revision for the group. 

The group of Rabdotus nigromontanus is discussed first with 

description of species, the synonymy of another species with R. 

nigromontanus, and finally, the reassignment of these species to 

the genus Naesiotus. The group of !. baileyi is discussed second; 
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!. baileyi is redescrtbed and its range limited, two closely 

related species are also described. Third, the single species of 

Drymaeus in Sonora is described. After the systematic t:'evision of 

the Bulimulinae in Sonora, the worldwide zoogeography of the 

subfamily, then the ranges of the Sonoran species, and finally the 

mechanisms of isolation and dispersal of the species and genera 

represented in the bulimulinae of Sonora, Mexico are described. 

5 



MATERIALS AND METHODS 

Materials 

In the course of this investigation, approximately 100 

lots of Bulimulinae, totalling more than 1000 shells, were 

collected and examined. Several terraria were maintained for the 

raising of immature specimens. More than 100 specimens were 

dissected and whole mounts made of their genitalia. 

Collecting Methods 

Rabdotus in Sonora live in deep rockslides or in deep 

cracks in rock faces; Naesiotus in Sonora live in rock slides or 

leaf litter associated with rockslides, and often aestivate buried 

in the soil below these habitats; Drymaeus are arboreal snails, 

living in trees in remote tropical areas of Sonora and Sinaloa. 

During the summer rainy season, their active period, Rabdotus and 

Naesiotus may be found in the daytime by digging relatively 

shallowly in the rockslide or leaf litter where they may seal to a 

rock or leaf or form an epiphragm to await the next rain. 

Immediately after a rain, they may be found crawling among the 

rocks and leaf litter during the night and at dawn. During the 

rest o~ the year, Rabdotus aestivate relatively deeply within the 

rockslide or in deep cracks in the rock face, tightly sealed to 
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the rock, and Naesiotus aestivate within leaf litter or in a 

rockslide, or buried in the dirt beneath these habitats. We have 

not been able to collect Drymaeus reederi, the only species of 

this genus in Sonora, during its presumed active period because 

its habitat is difficult to get to during the summer rainy season. 

However, we found by chance two live adults sealed to trees and, 

in addition, many shells among the rocks and litter beneath the 

trees. The difficulty of collection cannot be overstressed. The 

finding of live snails, necessary for description or unequivocal 

identification, often requires deep quarrying of a rockslide and 

extreme luck. Many times digging all day may yield only a handfull 

of shells or nothing at all when snails or shells have been found 

at that locality before. 

Rearing Technique 

Since only adult snails in the Bulimulinae have fully 

developed reproductive structures, it is necessary to raise 

immature specimens to maturity in order to obtain data from the 

genitalia. Snails are kept in small terraria made of redwood 

measuring about 12x6x6 inches, covered by a fiberglass screen over 

which is kept a thick layer of wet toweling or cheese cloth. In 

the terraria, I placed a layer of humus, leaf litter and other 

organic debris, and soil and rocks taken from the snails' native 

habitats. For food, I originally put in leaves of romaine lettuce, 

but found that little was eaten, the snails usually preferring to 
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eat fungus and organic mater from the leaf litter. In general, 

growth of Rabdotus and Naesiotus could not be hurried; keeping a 

terrarium moist beyond the normal active period of the natural 

population usually resulted in death to the snails due possibly to 

fungal or bacterial infection. Occasional individuals were, 

however, hurried in their growth in order to meet time 

constraints, by keeping the terrarium moist and monitoring its 

condition until the snail was mature enough for anatomical 

studies. 

Dissections 

Snails are first prepared for dissection by submerging 

them in water for twelve to twenty four hours to insure permanent 

expansion and relaxation. They are then heated to approximately 

o 60 C, just above the temperature of denaturation of collagen, at 

which time the snail may be pulled from its shell without damaging 

either the shell or the animal. Care must be taken not to allow 

the animal to remain too long at this temperature or at higher 

temperatures, because the apical viscera may then harden and break 

off in the pulling process. The snail is laid on its left side in 

a dissecting dish, under 70% ethanol, and the dissection of the 

genitalia is performed under a dissecting microscope. 
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Whole Mounts 

The technique used is essentially the technique of Gregg 

(1959) modified by Miller (1967) and subsequently by Miller (pers. 

com.). A flap of the body wall is left attached to the genital 

orifice; this flap is pinned to the underside of a cork in the top 

of a shel1 vial that is filled with 70% ethanol. After the 

genitalia have hung loosely in the vial for at least a few hours, 

the specimens are stained in 1:6 hematoxylin/water solution for 4 

to 5 minutes. They are then destained for 3 to 12 minutes, 

depending on the thickness of the tissues, in acid ethanol and 

counterstained for at least 5 minutes in eosin. Then they are 

placed between two lx3 inch slides, one of which is coated with a 

thin film of vaseline to prevent the genitalia or the other slide 

from sticking to it. The slides are then tied together with strong 

thread and dehydrated in three successive solutions of 100% 

ethanol followed by immersion in 1:1 absolute ethanol and toluene, 

followed by clearing in three separate baths of toluene. Each 

immersion lasts at least 24 hours. After the final toluene 

immersion, the threads and the top slide are removed, Permount is 

poured over the specimen, and a cover slip of the appropriate size 

is placed over it; the mount is now ready to dry. If, in drying, 

voids develop in the mount, they are filled with Permount using a 

small pipette. 
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Illustrations 

Whole mounts were projected on sheets of paper by means of 

an overhead projector. Magnification was set so that the 

reproductive tract filled the page; magnifications varied 

according to the size of the tract. A scale line was included with 

each drawing which was reproduced on the final ink drawing, and 

drawings of tracts in each genus were drawn to consistent scale 

for comparison. Final drawings were made from the initial tracings 

while carefully checking details of the whole mount under a 

dissecting microscope. 

Drawings of the jaw and radula of Drymaeus reederi were 

made freehand using a compound microscope with oil emersion. 

Lengths and widths of the jaw and radula, and the size of all 

details thereon were measured using a calibrated ocular 

micrometer, and these measurements were used to check the 

proportions of the completed drawings. 

Photographs were made using a 35 mm single lens reflex 

camera with extension tubes on a copy stand. The film used was 

Kodak Panatomic-x; Kodak Polycontrast RC paper with a glossy 

finish was used for prints with the contrast set on an 

intermediate setting. 



DESCRIPTION OF RABDOTUS NIGROMONTANUS COMPLEX 

The first section of this work consists of a revision of 

the most northerly of the three Sonoran species complexes. The 

anatomies and ranges of Rabdotus nigromontanus (Dall, 1897) and of 

a related species, Rabdotus ~illeri Hoffman, 1987 are described 

(see also Hoffman, 1987a)and Rabdotus sonorensis (Pilsbry, 1928) 

is synonymized with !!.. nigromontanus. 

Description of ~. nigromontanus 

Rabdotus nigromontanus is an extremely widespread species, 

as indicated by many lots of specimens in my collection and that 

of Dr. Walter B. Hiller. It occupies much of eastern Sonora, 

Mexico, entering Arizona at one point (Figure 1) it ranges in 

elevation from 200 to 1240 m. The species l-las described from 

shells in poor condition taken from the summit of Black Mountain 

(now known as La Loma Colorada), 31 0 14.2'N, 1090 17.5'W, at an 

elevation of ca. 1240 IU, the highest elevation at whic~ I have 

collected this species. However, I have obtained reproductive 

anatomies from !. nigromontanus collacted at La Angostura, ca. 150 

km south, Magdalena, ca. 175 km west-south-west, and Alamos, ca. 

480 km south of the type locality; and found that they do not 

differ from each other in any significant way. Among these three 

localities, the length of the penes varied from 10.6 to 11.2 mm, 
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ARIZONA RaIJdo/us chrls/ens/lnl 

j 

o 40 80 120 160 km 
1I'~o I 

Figure 1. Map of Sonora, Mexico, indicating the ranges and type 
localities of Rabdotus milleri Hoffman 1987, 
Rabdotus nigromontanus (Dall, 1897), and 
Rabdotus christenseni Miller & Reeder, 1984. 
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the penial sheaths varied in length from 3.9 to 4.1 mm, the 

variation in the epiphalli was from 3.6 to 3.8 mm, the variation 

in epiphallic ceca was from 4.0 to 4.9 mm, and the length of 

penial retractor muscles varied from 1.9 to 2.8 mm in length 

(Figure 2). 
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To data, no one has published a drawing of the 

reproductlve tract of this widespread species, though at least one 

new species has been compared to it (Miller and Reeder, 1984). The 

type locality appears to be marginal ~abitat for ~. ~igromontanus, 

and I have beeq able to find only a few complete shells, and no 

live individuals there. 

Des~ription of R. milleri 

Shells of Rabdotus that appeared to be slightly different 

from those of R. nigromontanus were found near Sahuaripa, Sonora, 

Mexico by l~alter 'B. Miller in Augus t of 1965. These lay, unnamed, 

in his collection until I became his graduate student and decided 

to study Bulimulidae in Sonora. In November 1983, we returned to 

the locality where the shells had been found, only to find that 

the area had been washed by recent rains, destroying both snails 

and habitat. On 26 November, the last day of the expedition, a 

locality rich in shells was located, and just before we had to 

leave, a single live adult was found by Dr. Miller. 



o mm 5 

Figure 2. Genitalia of Rabdotus nigromontanus (Dall, 1897), 
J. E. Hoffman Collection No. 52a; AG, albumen gland; 
EC, epiphallic cecum; EP, epiphallus; FO, free 
oviduct; GO, genital orifice; HD, hermaphroditic duct; 
OT, ovotestis; PE, penis; PR, penial retractor muscle; 
PS, penial sheath; PT, prostate; SD, spermathecal 
duct; SP, spermatheca; UT, uterus; VA, vagina; VD, 
vas deferens. 
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Systematics: 

Family Bulimulidae 

Genus Rabdotus Albers, 1850 

Subgenus Rabdotus Albers, 1850 

Rabdotus milleri J.E. Hoffman, 1987 

Figs. 3 & 4 
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Description of shell of holotype: Shell small, umbilicate, 

the diameter about six-tenths of the height; uniformly colored 

light tan, slightly glossy. Embryonic whorls 2 in number, ~ounded 

with strong, closely-spaced, axial riblets; closely set, fine, 

spiral threads faintly visible between the riblets of only the 

first whorl. Post-embryonic whorls moderately rounded, with 

irregularly-spaced growth ribs, and occasional, randomly placed 

minute pits. Outer lip of peristome sharp, slightly reflexed, 

inner lip broadly reflected around the umbilicus. Maximum height 

16.6 mm, diameter 8.4 mm; 5.4 whorls. 

Reproductive anatomy of holotype: Diagnostic characters 

are in the penial complex. Penis 4.5 mm in length, largely covered 

by a thick penial sheath 3.8 mm long; the proximal 1.7 mm of the 

penis contains highly convoluted glandular diverticula. Epiphallus 

4.2 mm long, the lumen of which is lined by shallow longitudinal 

folds. Epiphallic cecum 2.8 mm long; short penial retractor muscle 

2.3 mm long attached to apex of the epiphallic cecum. Vas deferens 

runs free from approximately 3.5 mm below its origin at base of 



SP 

o mm 5 

Figure 3. Genitalia of Rabdotus milleri Hoffman, 1987, 
Holotype, W. B. Miller Collection No.7340; AG, albumen 
gland; EC, epiphallic cecum; EP, epiphallus; FO, free 
oviduct; GO, genital orifice; HD, hermaphroditic duct; 
OT, ovotestis; PE, penis; PR, penial retractor muscle; 
PS, penial sheath; PT, prostate; SD, spermathecal 
duct; SP, spermatheca; UT, uterus; VA, vagina; VD, vas 
deferens. 

17 



Figure 4. Shells of R. nigromontanus and R. milleri. 
Figures A and B: Rabdotus nigromontanus (Dall, 
1897), W.B. Miller 7421, apertural and dorsal views. 
Figures C and D: Rabdotus milleri, Hoffman, 1987, 
Holotype, Santa Barbara Museum of Natural History No. 
34490, apertural and dorsal views. Scale equals 1 mm. 
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prostate gland, along free ovUuct and vagina, and enters the 

penial sheath at about 1.3 mm from the genital orifice; it 

continues proximally within the penial sheath, but externally to 

the penis, exiting the distal end of the sheath and runLling 

alongside of the penis and epiphallus until its insertion at the 

junction of the epiphallus and epiphallic cecum. 
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Variations in paratypes: A total of 28 adult entire shell~ 

and 23 imma ture or damaged shells \o/'as coHec ted. Of the undamaged 

adult shells, the largest was 18.1 mm in height and 9.4 mm in 

diameter, and the smallest measured 15.0 mm in height and 8.1 mm 

in diameter; the mean height was 16.1 rom, and that of the 

diame ters io1as 8.98 mm. All specimens show all of the 

characteristics of the halotype except that among the adult, 

entire shells there is a variation in the reflection of the outet" 

lip from slight to none. 

Disposition of types: Holotype: Santa Barbara Museum of 

Natural History No. 34490. Paratypes: Universidad Nacional 

Autonoma de Mexico No. 1203; Academy of Natural Sciences of 

Philadelphia No. 360593; National museum of Natural History No. 

859066; Field Museum of Natllral History No. 215141; UniITersHy of 

Texas at EI Paso No. 9505; W.B. Miller Collection No. 7340; J.E. 

Hoffman collection No. 30. 



Type locality: Sonora, Mer.ico; 5.4 km west of the Yaqui 

River bridge at la Estrella on road to Sahuaripa. In canyon 

extending north from road, in leaf litter belo~~ a rockslide; 280 

57.1'N, 1090 36.7'W; elevation ca. 340 m. 
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Remarks: Rabdotus milleri is most closely related to R. 

nigromontanus and probably evolved from a common ancestor. over a 

long period of geographical isolation. Its shell differs from that 

of !. nigromontanus only in being somewhat more slender, with a 

height/diameter ratio of about 1.8, while !. nigromontanus has an 

average ratio of 1.54 as determined from 31 specimens from 9 lots 

collected in many parts of the species' range. R. milleri is more 

readily distinguished from !. nigromontanus by its reproductive 

anatomy. It has a much shorter penis, almost entirely enclosed by 

a sheath, which is also much shorter than that of R. 

nigromontanus, whereas the longer sheath of !. nigromontanus 

encloses only the distal third of the penis. In addition, its 

penial retr.actor muscle inserts at the end of the epiphallic 

cecum, while that of R. nigromontanus inserts approximately 1 mm 

distally from the end. 

There has been some disagreement regarding whether the 

glandular diverticula in the penial complex of Rabdotus should be 

considered part of the penis or part of the epiphallus. The penis 

is considered to be the part of the penial complex that is 

evaginab1e during copulation (Van Mol, 1971); this definition 

works in theory, but is, in fact, almost impossible to measure. 
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Pilsbry (1946) considered the diverticula to be part of the 

epiphallus, and Miller and Reeder (1984) agreed with him due to 

the extreme length of the lower duct in both R. nigromontanus and 

R. christenseni as well as by a "pronounced constriction of the 

lumen" that occurred in the latter. On the other hand, Christensen 

(1973), Breure (1979), and Van Mol (1971) considered the glandular 

diverticula to be part of the penis. Primarily due to Van Mol's 

(1971) histologic evidence, and for the sake of consistency (more 

species have been described using their terminology), I must side 

with the latter authors and consider the glandular diverticula to 

be part of the penis. 

Habitat and distribution: Shells of R. milleri have been 

. N 
collected in several localities in the Sierra Santo Nino, in 

addition to the type locality. They have also been collacted in 

the Sierra Chiltepin, 7.8 km west of Sahuaripa. All were collected 

at elevations between 300 and 400 m in the Sinaloan Thornscrub 

Province (Brown, 1982). The land rises steeply to the east and 

southeast, soon entering Hadrean Evergreen Woodland; to the west, 

the species seems to be limited by the Yaqui River and we were 

unable to find any sign of this species west of the river, though 

we did find Rabdotus baileyi (Da11 , 1893) 1:1 both areas. To the 

north and south there is evidence of geologically recent volca.'1ic 

activity in areas that seem to lack large land snails; these may 

be the factors that have isolated this species. 



Dominant plants at the type locality include Cassia biflora, 

Pachycereus pecten-aboriginum, Stenocereus thurberi, Ceiba 

acuminata, Sapium biloculare, Acacia cymbispina, Guaiacum 

coulteri, Fouquieria macdougalii, and Bursera sp. 
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Etymology: Thi~ sRecies is named for Walter B. Miller. He 

and his son originally found shells of this species and thought 

that It might be new. He also collected the holotype and dissected 

Ollt the reproductive anatomy, making both available Eor t:1is 

study. 



SYNONYMY OF R. SONORENSIS 

Rabdotus sonorensis was described from shells collected 

by Fran~is C. Nichols, with the type locality listed as "Copete 

Mine, near Carbo, Sonora, Mexico. The holotype (ANSP 142647a) and 

the paratypes (ANSP 142647) were deposited in the collection of 

the Academy of Natural Sciences at Philadelphia. 

Pratt (1974) stated that ~. sonorensis was a synonym of 

Rabdotus nigromontanus but gave no information about what basis 

tias used for his synonymy. 

In November of 1984, Walter B. Miller, Edna Naranjo Garcfa 

and I made the first of several trips to the Carbo area of Sonora, 

Mexico, in order to try to find the type locality of !. 

sonorensis. Though we could not find any reference to Copete Mine 

on maps of the Carbo area, we searched the localities of the 

abandoned mines near Carbo for signs of R. nigromontanus or R. 

sonorensis, without success. We also asked, in Carbo, whether 

anyone knew of Copete Mine. One retired miner said that he had 

heard of Copete mine near the town of Rayon, Sonora; no one, 

however, had knowledge of a Co~ete Mine in the vicinity of Carbo. 

Rayon is approximately 60 km, by road, east of Carbo. 

After our return to Tucson from Carbo, Georganne Fink, '3. 

colleague of ours, found a reference to Minas del Copete on an old 

map of the Rayon area. Based upon further study of old maps and 
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our subsequent field work, the locality of the Copete Mines is 

undoubtedly the type locality of ~. sonorensis. The mines are 

located approximately 17 km by road south southwest of Ray6n, in 

o 0 Cerro el Cielo; 29 37.3' N; 110 38.0' W; at an elevation of 

700m. 

Our first expedition to the Copete Mines in November 1985 

yielded many live adult Rabdotus baileyi (Dall, 1893), and a 

number of Sonorella sitiens Pilsbry & Ferriss, 1915, plus a few 

shells of ~. sonorensis. Unfortunately, during this trip, we were 

not able to find a live R. sonorensis for anatomical comparison 

with ~. nigromontanus. The plants at the locality include species 

of Jatropha, Bursera, Ceiba, Stenocereus, Prosopis, Olneya, and 

several species of Acacia including !. cymbispina. 

During our second expedition to the mines in February 

1986, we found the same species that we had before, except that 

Dr. Miller found one live juvenile Rabdotus in leaf litter in a 

north-facing rockslide approximately 5 km north northeast of the 

Copete Mines. After.raising this snail to maturity, I dissected 

it. Its shell is 15.9 mm high and 10.6 mm in diam. ~ith 5.0 

24 

whorls, its penis is 10.2 mm, penile sheath 2.7 mm, epipha11us 2.4 

mm, epiphallic cecum 4.0 mm, and penial retractor muscle 1.9 mm in 

length -- all within or near the range of variation of R. 

nigromontanus, whose shells have been measured to vary from 15.4 

to 18.8 mm high, from 10.6 to 12.4 mm in diam., and from 5.0 to 

5.8 whorls; and whose range of measurement of reproductive 



anatomies also largely encompass those of the above specimen 

(Hoffman, 1987). Additionally, the shells from Cerro el Cielo and 

the surrounding area are within the range of variation of R. 

nigromontanus, as are the shells of the holotype and para types in 

the ANSP collection. Therefore, I confirm Pratt's conclusion that 

Rabdotus sonorensis is a junior subjective synonym of Rabdotus 

nigromontanus. and, accordingly, is not valId. 
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REASSIGNMENT OF R. NIGROMONTANUS COMPLEX TO NAESIOTUS 

While working on the zoogeography and interrelationships 

of the foregoing species in the genus Rabdotus, I found that some 

of them more closely matched the diagnosis of Naesiotus according 

to Breure (1979). I also found that a number of species from Baja 

California, Mexico seemed, from drawings of their reproductive 

anatomy (Christensen, 1973), to be in the genus Naesiotus. 

The diagnostic points of difference between Rabdotus and 

Naesiotus lie in the reproductive anatomy and embryonic whorls of 

the shell. In the reproductive tract of Rabdotus, the vagina and 

penis are typically short, the glandular part of the penis 

consists largely of "pouches" (Breure, 1979), and the spermat;1ecal 

duct becomes broad midway along its length, and has ridges within 

its lumen. In the reproductive tract of Naesiotus, the vagina and 

peniS are typically longer, the glandalar portion of the penis 

consists largely of tubules, and the spermathecal duct is 

uniformly narrow and cylindrical, lacking internal ridges (Breure, 

1979; oreure and Coppois, i978; Christensen, 1978). The embryonic 

whorls of the shells of both genera have axial rlblets, but the 

embryonic whorls of Naesiotus have very fine spiral threads in the 

interstices between the riblets, while Rabdotus lacks them 

(Breure, 1979; Breure and Coppois, 1978). 
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While trying to deduce the relationships and geographical 

source of a complex of snails including ~. nigromontanus, ~. 

christenseni Miller and Reeder, 1984, and ~. milleri, I concluded 

that they had all of the characteristics of Naesiotus. By 

comparing reproductive anatomies and apical sculptures of other 

bulimulid snails that occur in northern Mexico and the 

southwestern United States, I found that all, with the exception 

of some of those in Baja California, were of the Rabdotus type. 

Within Baja California, snails listed by Christensen (1978) as 

subgenus Leptobyrsus have, in the cases when they were obtainable, 

reproductive anatomies typical of Naesiotus. In most cases the 

embryonic sculptures also contained the spiral threads (Table 1). 

I, therefore, place the three species mentioned above as well as 

those in Table 1 in the genus Naesiotus. I was unable to obtah 

either the reproductive anatomy or shells of ~. ceralboensis 

(Hanna, 1923); !. chamberlini (Hanna, 1823) lacks all shell 

sculpture, and its reproductive anatomy was also unavailable. 

However, because of traits that the latter two species have 101 

common with other snai1.s that Christensen placed in Leptobyrsus, I 

tentatively place them in Naesiotus. Snails listed by Christensen 

(1978) as belonging to subgenera Plicolumna and Rabdotus s.s., on 

the other hand, nave typical Rabdotus characteristics. 



Table 1. Reproductive traits and embryonic sculpture in Baja 
California snails assigned to the genus Naesiotus. 

SPECIES 
EMBRYONIC SCULPTURE NAESIOTUS TYPE 
RIBLETS THREADS REPRO. ANATOMY 

gigantensis Christensen 
and Miller, 1977 ••••••• YES ••••••• YES •••••••• NOT AVAILABLE 

dentifer (Mabille, 1895) ••• YES ••••••• YES •••••••• NOT AVAILABLE 

gabbi (Crosse and 
Fischer, 1872) ••••••••• YES ••••••• YES •••••••• YES 

hannai (Pilsbry, 1927) ••••• YES ••••••• YES •••••••• YES 

spirifer (Gabb, 1868) •••••• SHELL UNAVAIL •••••••• YES 

rimatus (Pfeiffer, 1846) ••• YES ••••••• YES •••••••• YES 

veseyianus (Dall, 1893) •••• SHELL UNAVAIL •••••••• YES 

excelsus (Gould, 1853) ••••• YES ••••••• NOa •••••••• YES 

pallidior (Sowerby, 1833) •• YES ••••••• YES •••••••• YES 

harribaueri (Jacobson, 
1958) •••••••••••••••••• YES ••••••• NO ••••••••• YES 

cosmicus (Mabille, 1895) ••• YES ••••••• YES •••••••• YES 

montezuma (Dall, 1893) ••••• YES ••••••• NO ••••••••• YES 

beldingi (Cooper, 1892) •••• YES ••••••• YES •••••••• YES 

altus (Dall, 1893) ••••••••• SHELL UNAVAIL •••••••• PROBABLY 

laevapex Christensen 
and Miller, 1977 ••••••• NO •••••••• UO ••••••••• yES 

xantusi (Binney, 1861) ••••• YES ••••••• YES •••••••• YES 

a Threads may have been missed due to very weak embryonic 
sculpture in this species. 
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Previously, Naesiotus was thought to be limited to South 

Amedca, with its norther71 limit in Ecuador. This, of course, 

greatly increases the range of Naesiotus and indicates that the 

genus has a disjunct distribution. Disjunct dIstributions are not 

rare, either among the Bulimulidae or land snails tn general. ,[n 

fact the "new" distribution of Naesiotus almost matches the 

disjunct distribution of Bulimulus, a closely related genus. The 

al terna te posstb ili ty of convergent evolu tion seems unlikely 

because of the di-verse nature of the traits involved. 



DESCRIPTION OF R. BAILEY! C0l1PLEX 

The second group to be considered consists of R. baileyi, 

which is redescribed and a lectotype is selected for it, and two 

new species herein described. 

Rabdotus baileyi (Dall, 1893) is a widespread species, as 

indicated by my collection and that of Walter B. Mille'.:'. It 

occupies much of southern Sonora, Mexico and enters the 

northwestern corner of Sinaloa (Figure 5). It ranges from 290 45' 

N in the north to 250 30'" N in the south, and from 112
0 00'" W in 

the west to 1080 30"'W in the east, and in elevation from 

approximately sea level to 800 m. ~. baileyi inhabits the plains 

of Sonora and the central Gulf coast divisions of the Sonora 

desertscrub biome of Turner and Brown (1982) in the north, and the 

Sinaloan thornscrub biome of Brown (1982) in the south. These 

areas are largely flat and hot, the mean summer temperature in 

o Hermosillo, for instance, is 32 C (Turner and Bro\nl 1982) and the 

peak summer temperature reaches well over 380 C; wintertime 

temperatures throughout the range of ~. baileyi are mild, rarely, 

if ever freezing. Precipitation varies from about 230 to 450 mm 

per year, mostly falling in the summertime. Low temperature and 

rainfall are probably the factors that limit the range of !. 

ba11eyi; to the north and northwes t the climate becomes dryer, to 

the north and east winter temperatures decrease, and to the south 
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Figure 5. Map of Sonora, and part of Sinaloa, Mexico, indicating 
the ranges and type localities of Rabdotus new sp. 
A, Rabdotus new sp. B, and Rabdotus baileyi 
(Dall, 1893). 
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along the coast. of Sinaloa the climate becomes more tropical. 

Within its range, !. bai1eyi may be found in, seemingly, most 

inhospitable habitat. For example, living specimens have been 

found in small outcrops of rock in the midst of large, flat 

low-lying plains where the heat is intense and little vegetation 

or shade is available. Additionally, a large population was found 

in Hermosillo, down-wind of a cement plant; they were U'ling under 

rocl"s coated with, and cemented down by residue from the .plant. 

The area was reminicent of a grey lava flow w.lth very few li'ling 

macroscopic plants that had not been coated with the residue, 

becoming like grey stone sculpture. 

!. baileyi was originally described from she11.~ os tens i bly 

collected at Cabo San Lucas in Baja California, as well as shells 

col lee ted at Guaymas and Ortiz in Sonora. Of these shell,s, none 

was designated as a holotype, but the shell that was figured was 

in the lot (USNM 126128) said to be from Cabo San Lucas; 

measurements for tto10 shells were given, but it is not apparent 

from which of the three localities they were colhcted. After 

comparing the type material with information in the most complate 

work on the Bulimulidae of Baja California (Christensen, 1973) as 

well as material in my collection and the collection of Miller, I 

have concluded that they were collected, not in Baja California, 

but in SOl1ora; 



there are no snails described from Baja California for whose 

shells these could be mistaken. They are most similar to shells in 

my collection that were collected at Hermosillo, and are probably 

from that vicinity. 

Eleven shells were collected at Guaymas, Sonora, Mexico by 

Dr. E. Palmer, without date of collection (USNM 101756). These 

were also mentioned in the species description (Dall, 1893). I 

have collected a single shell at Guaymas which corresponds well 

with the shells that Dr. Palmer collected. I, therefore designate 

the best of Dr. Palmer's shells (USNM 859215) as the lectotype of 

Rabdotus baileyi (Dall, 1893). The other lots in the original 

description, USNM 101756 from Guaymas, Sonora, Mexico, USNM 126123 

from an unknown locality, and USNM 106004 from Ortiz, Sonora, 

Mexico, shall be considered to be paralectotypes of this species. 

Description of R. baileyi 

Sys tema tics: 

Family Bulimulidae 

Genus Rabdotus Albers, 1850 

Subgenus Rabdotus Albers, 1850 

Rabdotus baileyi (Dall, 1893) 

Figs. 6 & 7 
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Figure 6. Shells of !. baileyi, !. new sp. A and !. new sp. B. 
Figures A and B: Rabdotus baileyi (Dall, 1893), 
Lectotype, U.S. Museum of Natural History No. 859215, 
apertural and dorsal views. Figures C and D: 
Rabdotus new sp. B, Holotype, Santa Barbara Museum 
of Natural History No. 34883, apertural and dorsal 
views. Figures E and F: Rabdotus new sp. A, 
Holotype, Santa Barbara Museum of Natural History No. 
34884, apertural and dorsal views. All figures to same 
scale. 
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mm 5 

Figure 7. Genitalia of Rabdotus baileyi (Dall, 1893), J. E. 
Hoffman Collection No. 54A; AG, albumen gland; EC, 
epiphallic cecum; EP, epiphallus; FO, free oviduct; 
GO, genital orifice; HD, hermaphroditic duct; PE, 
penis; PR, penial retractor muscle; PS, penial sheath; 
PT, prostate; SD, spermathecal duct; SP, spermatheca; 
UT, uterus; VA, vagina; VD, vas deferens. 
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Description of shell of lectotype: Shell of intermediate 

size, umbilicate, the diameter about six-tenths of the height; 

white due to bleaching, dull colored. Embryonic whorls 2.0 in 

number, rounded with strong, closely-spaced, axial riblets; the 

fine, spiral threads on the first whorl of Rabdotus nigromontanus 

(Da11 , 1897) and related species, absent. Post-embryonic \~hor1s 

slightly convex, with irregularly-spaced grot~th ribs. Outer lip of 

peristome reflexed, inner lip reflected around the umbilicus. 

Maximum height 24.8 mm, diameter 13.9 mm; 5.4 IJhorls. 

Typical reproductive anatomy: A reproductive anatomy has 

never been collected from the type locality; however, I have 

compared 30 reproductive anatomies from throughout the species 

range (Figure 1) and they did not differ from one another in any 

significant way. Among these anatomies, the penes varied in length 

from 7.0 to 13.2 mm, the penial sheaths from 3.2 to 6.8 mm, the 

variation in epiphalluses was from 4.6 to 11.3 mm, the variation 

in epiphallic ceca was from 10.6 to 1. 64 mm, and the length of the 

penial retractor muscles varied from 1.0 to 2.6 mm the ratio of 

the epiphallus to penis lengths varied from 10.1 to 19.3 (Figure 

3). The range of these measurements reflect differences in sizes 

of indIviduals, and there is little consistent variation among 

popula tions • 

Variations in paralectotypes from Guaymas: A total of 8 

adult entire shells was collected from Guaymas by E. Palmer. The 

largest was 24.6 mm in height and 14.1 mm in diameter, and the 



smallest measured 20.7 mm in height and 12.0 mm in diameter; the 

mean height was 23.0 mm, and that of the diameters was 14.3 mm. 

All specimens show all of the characteristics of the lectotype. 

Description of R. New Sp. A 

Systematics: 

Family Bulimulidae 

Genus Rabdotus Albers, 1850 

Subgenus Rabdotus Albers, 1850 

Rabdotus new species A. 

Figs. 6 & 8 
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In August 1935, H. A. Pilsbry collected a small Rabdotus 

shell that looked quite unlike any that had been found in the 

area. The type locality was given as "small hill 3 mi. W. of Jori, 

Sonora, Mexico." Miller informed me that this shell could possibly 

be an undescribed species, but neither one of us was able to 

locate Jori on any available maps of Sonora. Eventually I did find 

it on a recent topographic map published by the General de 

Integraci6n y Analisis de la Informaci6n in Mexico City. Jori is 

listed as a railroad station, now abandoned, on a plain, 46 km 

west of Ciudad Obregon. A subsequent collecting trip to that 

locality yielded 34 good adult shells, with 13 live individuals. 
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GO 

Figure 8. Genitalia of Rabdotus new ap. A, Holotype, J. E. 
Hoffman Collection No. 229A; AG, albumen gland; EC, 
epiphallic cecum; EP, epiphallus; FO, free oviduct; 
GO, genital orifice; HD, hermaphroditic duct; PE, 
penis; PR, penial retractor muscle; PS, penial sheath; 
PT, prostate; SD, spermathecal duct; SP, spermatheca; 
UT, uterus; VA, vagina; VD, vas deferens. 



Examination of shell and anatomical characters revealed that it 

was indeed a new species, described below. 
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Description of shell of holotype: Shell small, umbilicate, 

the diameter about one-half of the height; uniformly colored light 

tan, slightly glossy. Embryonic whorls 1.75 in number, ~ounded 

with strong, closely-spaced, axial riblets; the fine, spiral 

threads on the first whorl of Rabdotus nigromontanus (Dall, 1897) 

and related species, absent. Post-embryonic whorls slightly 

convex, with irregularly-spaced growth ribs. Outer lip of 

peristome highly reflexed, inner lip broadly reflected around the 

umbilicus. Maximum height 21.6 mm, diameter 11.2 mm; 5.3 whorls. 

Reproductive anatomy of holotype: Diagnostic characters 

are in the penial complex. Penis 6.0 mm in length,partly covered 

by a penial sheath 2.9 mm long; the proximal 3.8 mm of the penis 

contains glandular material. Epiphallus 11.6 mm long, the lumen of 

which is lined by shallow longitudinal folds. Epiphallic cecum 

16.7 mm long; short penial retractor muscle 1.3 mm long attached 

to apex of the epiphallic cecum. Vas deferens runs free from 

approximately 4.9 mm below its origin at base of prostate gland, 

along free oviduct and vagina, and enters the penial sheath at 

about 1.0 mm from the genital orifice; it continues proximally 

within the penial sheath, but externally to the penis, exiting the 

distal end of the sheath and running alongside of the penis and 

epiphallus until Lts insertion at the junction of the epiphallus 

and epiphsllic cecum. 
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Variations in paratypes: A total of 34 adult entire shells 

was collec ted. The larges twas 22.2 mm in heigh t and 11.1 mm in 

diameter, and the smallest measured 17.4 mm in height and 10.1 mm 

in diameter; the mean height was 19.9 mm, and that of the 

diameters was 10.5 mm. All specimens show all of the 

characteristics of the holotype. 

Disposition of types: Holotype: Santa Barbara Museum of 

Natural History No. 34884. Paratypes: Universidad Nacional 

Autonoma de Mexico No. 1205; Academy of Natural Sciences of 

Philadelphia No. 364957; National Museum of Natural History No. 

859216; Field Huseum of Natural History No. 215273; University of 

Texas at EI Paso No. 10009; W.B. Miller Collection No. 7623; E. 

Naranjo Garcfa Collection No. 617; J.E. Hoffman collection No. 

230. 

Type locality: Sonora, Hexico; northeast side of Cerro 

Tosalcahui in volcanic rock, 13 km east of Vicam and 46 km west of 

o 0 Cd. Obregon; 27 36.4'N, 110 09.9'W; elevation ca. 80 m. 

Remarks: Rabdotus new sp. A is most closely related to R. 

baileyi and probably evolved from ~. baileyi over a period of 

geographical isolation. Its shell differs from that of !. baileyi 

in being much smaller in both shell height and diameter. The mean 

height and diameter for !. new sp. A are 19.9 mm and 10.5 mm 

respectively, while those of !. baileyi are 28.2 mm and 14.4 rom as 

determined from 92 specimens from 11 lots collected in many p~rts 

of the species' range. !. new sp. A is also readily distinguished 
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from !. baileyi by its reproductive anatomy. In addition to the 

fact that its reproductive anatomy is smaller in proportion to the 

animal's overall size, it has a much shorter penis compared to the 

length of its epiphalus. the mean of the ratio of penis to 

epiphalus is 0.63 for R. new sp A and 1. 25 for R. baileyi, the 

length of the epiphalic cecum is also comparatively longer in R. 

new sp. A. 

Habitat and distribution: !. new sp. A appears to exist 

only on Cerro Tosalcahui. A survey of the surrounding hills as 

tolell as the mountain range to the north produced only shells 

typical of !. baileyi and another species described belotol. 

2 C. Tosalcahui is a very small (area of ca. 28.8 m ; height 

of ca. 40 m, for a total elevation of 110 m) outlier of the Sierra 

el Bacatete. Though it is 46 km from the nearest part of the Gulf 

of California, C. Tosalcahui rests upon a plain that is 70 m high 

and extends generally dotm hill to the Gulf. The plain is strewn 

tolith fossil marine shells, some of which appear to be Chione 

californiensis, a pelecypod, and Turbo fluctuosus, a prosobranch, 

which are both common in the Gulf. Because of this, I infer th~t 

at some point a small population of !. baileyi were isolated on C. 

Tosalcahui by the waters of the Gulf of California. During that 

time of stress and small numbers of individuals, the population 

evolved enough differences from the main population of !. baileyi 

that it was reproductively isolated from R. baileyi when the sea 

water receded. 



Dominant plants at the type locality include Pachycereus 

pecten-aboriginum, Acacia angustissima, Cercidium praecox, 

Fouquieria macdougalii, Bursera odorata, and Jatropha 

cardiophylla. 

Description of R. New Sp. B. 

Systematics: 

Family Bulimulidae 

Genus Rabdotus Albers, 1850 

Subgenus Rabdotus Albers, 1850 

Rabdotus new species B 

Figs. 6 & 9. 
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While searching northwest of Ciudad Obregon for the snail 

that was to be R. new sp. A, I found that all suitable habitat 

north and east of its type locality was occupied by ~. baileyi, 

while the only suitable habitat to the southwestward contained a 

snail whose shell was very similar to that of ~. baileyi. 

Subsequent examination of the reproductive tract of the single 

live snail that I collected on that expedition indicated that this 

snail was a new species. Five more live snails were collected on a 

second expedition, and these showed that the difference in the 

reproductive tract was consistent. 
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Figure 9. Genitalia of Rabdotus new sp. B, Holotype, J. E. 
Hoffman Collection No. 230A; AG, albumen gland; EC, 
epiphallic cecum; EP, epiphallus; FO, free oviduct; 
GO, genital orifice; HD, hermaphroditic duct; PE, 
penis; PR, penial retractor muscle; PSt penial sheath; 
PT, prostate; SD, spermathecal duct; SP, spermatheca; 
UT, uterus; VA, vagina; VD, vas deferens. 

43 



44 

Description of shell of holotype: Shell intermediate in 

size, umbilicate, the diameter about one-half of the height; 

colored light tan with lighter colored irr.egularly spaced axial 

streaks, slightly glossy. Embryonic whorls 1.75 in number, rounded 

with strong, closely-spaced, axial riblets; the fine, spiral 

threads on the first whorl of Rabdotus nigromontanus (Dall, 1897) 

and related species, absent. Post-embryonic lolhorls slightly 

convex, with irregularly-spaced grololth ribs. Outer lip of 

peristome highly reflexed, inner lip broadly reflected around the 

umbilicus. Maximum height 26.0 mm, diameter 13.3 mmj 5.7 whorls. 

The penultimate whorl appears to increase at a slightly different 

rate than that of ~. baileyi, causing the apex of the shell to 

appear to be slightly skewed to the right when viewed from behind 

(Figure 6 C & D). 

Reproductive anatomy of holotype: Diagnostic characters 

are in the penial complex. Penis 9.6 mm in length,partly covered 

by a penial sheath 3.7 mm long; the proximal 5.7 mm of the penis 

contains glandular material. Epiphallus 13.3 mm long, the lumen of 

which is lined by shallow longitudinal folds. Epiphalltc cecum 

17.9 mm long; short penial retractor muscle 1.0 mm long attached 

to apex of the epiphallic cecum. Vas deferens runs free from 

approximately its origin at base of prostate gland, along free 

oviduct and vagina, and enters the penial sheath at about 1.0 mm 

from the genital orifice; it continues proximally within the 

penial sheath, but externally to the penis, exiting the distal end 
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of the sheath and running alongside of the penis and epiphallus 

until its insertion at the junction of the epiphallus and 

epiphallic cecum. 

Variations in paratypes: A total of 34 adult entire shells 

was collected. The largest was 22.2 mm in height and 11.1 mm in 

diameter, and the smallest measured 17.4 mm in height and 10.1 mm 

in diamete-c; the mean height was 19.9 mm, and that of the 

diameters was 10.5 mm. All specimens shot~ all of the 

characteristics of the holotype. 

Disposition of types: Ho1otype: Santa Barbara Museum of 

Natural History No. 34883. Para types: Universidad Nacional 

Autonoma de Mexico No. 1206; Academy of Natural Sciences of 

Philadelphia No. 364958; National museum of Natural History No. 

859217; Field Museum of Natural History No. 215274; University of 

Texas at EI Paso No. 10010; W.B. Miller Collection No. 7624; E. 

Naranjo Garcfa Collection No. 616; J.E. Hoffman collection No. 

230. 

Type locality: Sonora, Mexico; northeast side of Cerro 

Onteme in volcanic rock, 4 km south of Vicam t"hich is 58 km west 

o 0 of Cd. Obregon along Mexico Highlo1ay 15; 27 36.4'N, 110 17.0'\~; 

elevation ca. 65 m. 

Remarks: Rabdotus new sp. B is closely related to both R. 

bai1eyi and R. ~ew sp. A. It probably evolved, as did ~. ~ew sp. 

A, from ~. bai1eyi over a period of geographical isolation. Its 

shell differs from that of R. baileyi only tn the slightly 
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different growth rate of its penultimate whorl which is apparent 

as a slight skewing of the apex of ~he shell. Though this 

difference is slight, it is consistent, being exhibited in each of 

the 53 adult shells collected. ~. new sp. 'B is also distinguished 

from !. bai1eyi by its ceproductive anatomy. It, like ~. new sp. 

A, has a much longer epiphallus compared to the length of its 

penis than does R. baileyi. the mean of the ratio of penis to 

epiphallus is 0.72 for ~. new sp. 'B and 1. 25 for !. bailey!, the 

length of the epipha11tc cecum is, hot~ever, about the same ill ~. 

new sp. 'B as it is in R. bai1eyi. !. new sp. B differs from !. new 

sp. A in its larger size, and in the comparative shortness of. its 

epipha1lic cecum. 

Habitat and distribution: !. new sp. 'B appears to Ilve 

only on Cerro Onteme and the adjacent hill, Cerro Tierra Blanca; 

no evidence of it was found on Cerro Coracepe, a similar hill only 

3.3 km west of C. Tierra Blanca. 

2 C. Onteme is a very small (area of ca. 96.0 m ; heisht of 

ca. 40 m, for a total elevation of 100 m) outlier of the Sierra el 

Bacatete. C. Tierra Blanca is slightly smaller and rises only 30 m 

above the surrounding area. C. Onteme and C. Tierra Blanca rest on 

the same plain as does C. Tosalcahui except that the former hills 

are surrounded on the south by the Rio Yaqui, and on the o':her 

three sides by farm fields. This species was probably isolated 

from R. baileyi in the same way and at the same time as R. new sp 

A. 
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Dominant plants at the type locality are the same as those 

at the type locality of R. new sp. A, and include Pachycereus 

pecten-aboriginum, Acacia angustissima, Cercidium praecox, 

Fouquieria macdougalii, Bursera odorata, and Jatropha 

cardiophylla. 



DESCRIPTION OF DRYMAEUS·REEDERI 

The third, and final, genus of the Bulimulidae in Sonora 

is Drymaeus, of which there is one Sonoran species, Q. reederi 

Hoffman, 1987, described below (and in Hoffman, 1987b). 

During a trip to the Alamos area of Sonora, Mexico, over 

Christmas vacation in 1983, with Walter R. Miller, ~is wife Betty 

Sue, Edna Naranjo Garc{a, Jane E. Deisler, and Richard L. Reeder, 

I was surprised to find a population of Drymaeus living in trees 

along a remote canyon in southeastern Sonora. TIlere had been no 

mention in the literature of Drymaeus occurring farther north than 

approximately Culiacan, Sinaloa. Subsequently, after she studied 

the land snail collection of the California Academy of Sciences, 

Jane Deisler informed me that it contained two lots of Drymaeus 

collected in Sonora by John T. Wright in 1931. 

Taxonomic information about the Bulimulidae, and 

particularly Drymaeus, in Mexico is sparse, and in some cases 

inaccurate. The most rec,ent attempts to bring order out of chaos 

are by Breure and Eskens (Breure, 1979 & Breure & Eskens 1981). 

Breure and Eskens" work has helped greatly, but is still 

inadequate due to the fact that many more collections must be 

made, and many more species compared. 
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Sys tema tics: 

Family Bulimulidae 

Genus Drymaeus Albers, 1350 

Subgenus (Mesembrinus) Albers, 1850 

Drymaeus reederi J.E. Hoffman, 1987 

Figs. 10, 11, & 12 

Diagnosis: A small Drymaeus with almost flat whorls and 

reproducti~e system characterized by the lack of an epiphallic 

cecum. 
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Description of shell of holotype: Shell small, umbilicate, 

diameter about one-half of the height; all but embryonic and body 

whorls lo1ith three light brown spiral bands, broken up into 

squarish spots on a to1hite background oller most of their lengths; 

body whorl displays lighter axial lines over a white backsroundj 

embryonic whorls uniformly tan; entire shell glossy. Embryonic 

whorls, 1. 8 in number, rounded with extremely fine, even spiral 

and radial threads, seeming to produce a very uniform field of 

square puncta. Post-embryonic whorls only slightly convex with 

irregularly spaced growth ribs and ~ery shallow, closely spaced 

incised lines. Aperture subovate, its outer lip sharp, barely 

reflected, inner lip reflected around and almost effacins the 

rimate umbilicus. Maximum height 15.1 mm, diameter 7.3 mm; 5.6 

\<1horls. 

--- ---------------------------------------------
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Figure 10. Genitalia of Drymaeus reederi Hoffman, 1987, 
Holotype, J. E. Hoffman Collection No.7; AG, albumen 
gland; EP, epiphallus; Fa, free oviduct; GO, genital 
orifice; HD, hermaphroditic duct; PE, penis; PR, 
penial retractor muscle; PS, penial sheath; PT, 
prostate; RS, seminal receptacle; SD, spermathecal 
duct; SF, spermatophores; SP, spermatheca; UT, 
uterus; VA, vagina; VD, vas deferens; XS, cross 
section of epiphallus. 



Figure 11. Shell of D. reederi. 
Drymaeus reederi, Hoffman, 1987, Holotype, Santa 
Barbara Museum of Natural History No. 34664, 
apertural and dorsal views. Scale equals 1 mm. 
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Figure 12. Jaw and radula of Drymaeus reederi Hoffman, 1987, 
Holotype, J. E. Hoffman Collection No.7; J, jaw; C, 
rachidian tooth; LM, thirteenth lateromarginal tooth. 

' ........ 
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Reproductive anatomy of holotype: Diagnostic characters in 

penial complex. Penis 5.9 mm in length, partly covered by thick 

penial sheath 2.8 mm long; apical 1.8 mm of penis contains highly 

convoluted glandular diverticuli. Epiphallus 3.5 mm long, its 

lumen lined by shallow longitudinal folds. Epiphallic cecum 

lacking; short penial retractor muscle 0.2 mm long attached to 

apex of epiphallus. Vas deferens runs free from approximately its 

origin at base of prostate gland, along free oviduct and vagina, 

then turns apically and enters penial sheath 2.0 mm froln geni t:ll 

orifice; it loops toward genital orifice, then continues apically 

within the penial sheath, but externally to the penis, exiting the 

apical end of the sheath and running alongside of the penis and 

epiphallus until its insertion at the end of the epiphallus. 

Variations in paratypes: A total of 7 adult entice shells 

and 4 immature or damaged shells {-las collected from the type 

locality. Of the undamaged adult shells, the largest was 15.6 mm 

in height and 7.4 mm in diameter, and the smallest measured 13.0 

mm in height and 6.4 mm in diameter; the mean height was 14.4 mm, 

and the mean diameter was 7.0 mm. The range of whorl counts was 

5.6 to 6.0; the range of diameter/height ratios {-las 1.95 to 2.12. 

All specimens showed all of the characteristics of the holotype . 

.. _--_._ ... _ .. _--_._----------------------------------



Disposition of types: Ho1otype: Santa Barbara Museum of 

Natural History No. 34664. Paratypes: Field Museum of Natural 

History No. 215221; R.L. ~eeder Collection No. 698; W.B. Miller 

Collection No. 7344; J.E. Hoffman Collection No. 15. 

Type locality: Sonora, Mexico; approximataly 1 km east of 

Rancho Agua Salada, on the eastern slope of Arroyo e1 Taymuco in 

the Sierra San Isnacio. On the east slope of a canyon extending 

o 0 north from the road, on trees; 27 15.3'N, 108 46.5'\.)'; elevation 

ca. 600 111. 

Remarks: Drymaeus reederi is certainly unusual, and 
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probably unique among Drymaeus in its lack of an epiphallic cecum. 

Other members of this genus found nearby are universally larger 

and where the genitalia are figured, have an epipha1lic cecum. The 

species with which £. reederi would most likely be confused i3 

Drymaeus zieg1eri (Pfeiffer, 1846). However, D. zieg1eri is larger 

(the shell of the ho1otype, according to the original species 

description, has a height of 29 mID and that of the specimen in the 

University of Arizona collection has a height of 23.0 mm, IlThile 

the shell of the holotype of £. reederi is 15.1 mm hi3h). Uso, 

the whorls of D. ziegleri are more coavex and the markings consist 

of radially arranged spiral bands which are not broken ur> lnt;) 

closely spaced spots as in £. reederi. The reproductive anatomy of 

£. ziegleri has never been described as such; 11oweITer, I believe 

that it was described erroneously as the reproductive anatomy of 

Drymaeus serperastrus (Say,1829) oy Breure and Eskens (1981), 



whereas the correct reproductive anatomy of £. serperastrus is 

figured by Solem (1955). While shells of D. serperastrus and £. 
ziegleri are very similar, there are consistent differences (see 

Pilsbry 1899, pp. 39-40), and the former occurs only east of the 

central Mexican plateau while the latter occurs only west of it. 

Breure and Eskens did not illustrate their shell, but it was 

collected in Sinaloa, west of the Mexican plateau. 

The size and shape of the shell of D. reederi, as Ivell as 

the genitalia <:ire considerably different from those of any nearby 

Drymaeus, and its relationships to other snails in the genus are 

unclear. 

The subgenus Hesembrinus Albers, 1850 lolas originally 

assigned to members of the genus Drymaeus that lacked an expanded 

or reflexed peristome (Pilsbry 1897-8, p. 194). Breure (1979) and 

Breure and Eskens (1981) have modified this somewhat, lidding such 

things as "mandibula with more than 20 plates, which are ca. 8 

times as long as wide", and V- to ~~-shaped transverse rOlvs of 

teeth on the radula. In addition, Breure and Eskens (1981, p. 97) 

state that members of Mesembrinus have a mean number of 116.92 

2 squares per 0.1 mm of the protoconch sculpture while those of 

2 Drymaeus s.s. nave 51.79. I found only 49 squares/O.l mm for D. 

serperastrus, as opposed to their 57, but counted 56 squares/O.l 

2 
mm for £. ziegleri, further indicating that £. ziegleri was 
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probably the snall that they observed. I counted 90 squares/ 0.1 

2 mm on the embryonic whorls of D. reederi. In addition, D. reederi 



has a mandible, or jaw, with 38 plates, but these are only ca. 5 

times as long as l.ride (Figure 3), and it has moderately V-shaped 

transverse rows of radular teeth,though these ro~s are almost 

straight; the radular formul.:l is (78-92)-1-(78-92); a rachidian, 

and a typical lateromarginal tooth are :l.ll'lstrated in figure 1'2. 
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For the reasons enumerated above, I have tentatively placed p-. 

reederi in the subgenus Mesembrinus. 

Habitat and distribution: Shells of D. reederi have been 

collected in one locality in the Sierra San Ignacio in addition to 

the type locality. The second locality was ca. 5 km lo1est oE the 

type locality. Both of these localities are within the Sinaloan 

deciduous forest biame (Gentry, 1982). In addition, shells of p-. 

reederi have been found in diverse parts of Sonora and Sinaloa 

within the Sinaloan thornscrub biome (Brown, 1982). h 1931, John. 

T. Wright collected an adult and a juvenile shell at ca. 700 m 

(sic) elevation near Alamos, Sonora and four juvenile shells at 

ca. 1000 m (sic) near Chinobampo, Sonora, approximately 37 km \lS\v 

of Alamos. These elevations seem erroneous since the elevation 

given for the Alamos collection is equal to the elevation of the 

highest peak in the area, while that 3iven for the Chinobampo 

collection is higher than any elevation sholffi on topographic maps 

of the area. In December 1983, Jane E. Deisler collected an adult 

shell in river drift 17 km south of Alamos; and in January 1973, 

'valter B. Miller collected two adult and tlo10 juvaile she1l3 in 

Sinaloa, along Hwy 15, 89 km north of t1azatlan. 
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The exact range limits and the limiting factors for ~. 

reederi have yet to be elucidated, however, we can assume that it 

is limited to the Sina10an biogeographic province. Its eastern 

limit is fairly definite, bounded by the steep rise into the 

Sierra Madre and the Madrean evergreen 'o1ood1and biome; the 

northern limit within the Sina10an thornscrub biome will probably 

be found to be slightly north of Alamos because rainfall within 

this biome gradually decreases and becomes less regular toward the 

north; the \les tern 1imi t is probably caused by the redllc tion in 

.elevation as the land approaches the Gulf of California; while the 

southern limit can only be a source of conjecture. To the south, 

the rainfall increases, the forest becomes thicker and other 

arboreal species of Drymaeus begin to appear. 

Dominant plants at the type locality include Cassia 

emarginata, Pachycereus pecten-aboriginum, Stenocereus thurberi, 

Jatropha platanifolia, and Bursera spp. 

Etymology: This species is named for Richard L. Reeder. It 

was his keen eyesight that enabled us to collect the holotype of 

this species. 



DISTRIBUTION OF THE SUBFAMILY BULIMULINAE 

The Bulimulidae is a family of land snails with a 

Gondwanaland distribution. They inhabit southwestern and central 

Australia, the northern tip of New Zealand, the Solomons, the New 

Hebrides, Fiji, and most of South America. The only exception to 

this Southern Hemisphere distribution is their occurance in 

Central America, the Ivest Indies, and the southern part of North 

America. Bulimulinae is its largest subfamily, inhabiting 

southwestern and central Australia, most of South America, Central 

America, the West Indies and the southern part of North America 

(Figure 13). 

Gondwanaland distributions are often thought to reflect 

the occurrence of a common ancestor on the large southern land 

mass Gondwanaland prior to its breakup in the Mesozoic. As the 

fragmented land masses moved apart they carried with them 

vicariant populations whose present disjunct distributions reflect 

a common history. 

During the period from the Upper Cretaceous to the 

Paleocene, about 115 to 65 million years ago, South America along 

with Antarctica and Australia drifted away from the rest of 

Gondwanaland, most notably Africa (Norton and Sclater, 1979). What 

is now the South American continent was probably still attached to 

Antarctica at what are presently the South Geor3ian Islands until 
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Figure 13. Present distribution of the Bulimulinae. 
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the opening of the Drake Passage in the Oligocene, 30 to 37 

million years ago (Crowley, et al., 1986). Almost concurrently, 

Australia separated from Antarctica 37 million years ago (Crowley, 

et al., 1986). Antarctica had, in the meantime, during the early 

Cenozoic, a temperate climate; the remains of a marsupial from the 

Eocene have been found there (Woodburne and Zinsmeister, 1984). 

Its polar ice cap began to form at the end of the Oligocene or in 

the Miocene (Kvasov and Verbitsky, 1981; Crowley, et al., 1986). 

The Bulimulinae appear to have evolved on the southern 

land masses in the midst,of these events, before 65 mUlion years 

ago. Fossils belonging to the subfamily were found i~ Eocene 

strata of Patagonia (Solem, 1979) and fossils that may have been 

Bulimulinae have been found from Alberta to Wyoming and from the 

Eocene of North Dakota, indicating that the range may have 

formerly included much of western North America (Solem, 1981). The 

Bulimulinae probably occurred from South America eastward across 

Antarcta to Australia, and on terranes that detached and moved 

northward and eastward across the Pacific. If this is the case, 

fossil Bulimulinae should occur in Antarctica. ~ similar 

distribution is evident in the Southern Hemisphere beech, 

Nothofagus (Brown and Gibson, 1983). 

Although the general distribution of the Bulimulinae is 

known, and a timetable and pattern of colonization can be derived 

for it, there are numerous gaps in our knowledge about 

distributIon and biogeography of this subfamily; closing these 



gaps may provide insight into the history of the subfamily as a 

whole. For instance, the distribution of the Bulimulinae of the 

southwestern United States and Baja California is well known, but 

until recently the land snail fauna of Sonora was largely a 

mystery. Its elucidation has revealed a major change in the 

perceived biogeography of the Bulimulinae. 
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ZOOGEOGRAPHY OF BULIMULINAE OF SONORA 

Description of Sonora 

The state of Sonora, Mexico extends from north to south 

from about 320 N to 260 N, and from east to west from about 1080 W 

o to 115 W, and forms an approximate right triangle with the right 

angle to the northe~st. Sonora slopes generally downward from the 

Sierra Madre Occidental in the northeast to the Gulf of California 

(Mar de Cortez) in the southwest. The higher elevations support 

Madrean pine-oak forest along with some Chihuahuan desert 

vegetation in the lower canyons. Continuing southwestward and to 

lower elevations, we encounter grassland, upland Sonoran desert, 

and finally lowland desert along the Gulf of California. In the 

southern lowlands, Sonora is largely tropical with Sinaloan 

deciduous forest giving way to Sinaloan thornscrub as one moves 

westward. Moving from east to west across the center of the state, 

Madrean forest gives way to Sinaloan thornscrub and Sonoran desert 

before reaching the Gulf of California (Leopold, 1950; Brown, 

1982) (Figure 14). 

Distribution of Sonoran species 

Three genera of land snails in the subfamily Bulimulinae 

occur tn the state of Sonora. The first of these, Rabdotus, 

consists of !. baileyi (Dall, 1893), R. new sp. A, and R. new sp. 
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Figure 14. Floristic regions of Sonora, Mexico (after Brown, 
1982;Gentry, 1982; Leopold, 1950; and Turner and 
Brown, 1982). 
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B. Of these three species, ~. baileyi has the most extensive 

range, and the other two species exist in isolated pockets (Figure 

5). 

Rabdotus baileyi ranges in elevation from about sea level 

to 800 m. It occupies much of southern Sonora, Mexico, inhabiting 

the plains of Sonora and central Gulf coast divisions of the 

Sonora desertscrub biome (Turner and Brown, 1982). It also 

inhabits the Sinaloan thornscrub biome (Brown, 1982), extending 

into the northern end of Sinaloa, Mexico. In the east, ~. baileyi 

may be found in the foothills of the mountains and along the river 

valleys; in the west it may be found anywhere there is an outcrop 

of rock or the rocky bank of a wash is overhung by brush. 

Rabdotus new sp. A and R. new sp. B, on the other hand, 

inhabit very limited areas; small hills on a low plain between 

Guaymas and Ciudad Obregon, Sonora (Figure 5). !. new sp. A 

inhabits a single small hill, like an island on the largely 

uninhabitable plain and R. new sp. B inhabits two adjacent hills a 

few miles away. The plain, where it is not farmed, is strewn with 

marine fossil shells, indicating that it was probably submerged in 

the Gulf of California in the not-too-distant past. This area is 

considered to be in the Gulf coast division of the Sonoran 

desertscrub blome (Turner and Brown, 1982). 

All of these snails inhabit deep rockslides, and each has 

a nighly reflexed peristome, indicating that it seals tightly to 

the rock face while aestivating or hibernating. During summer 



rains, when this part of Sonora receives most of its 

precipitation, these snails become active and feed primarily on 

fungal hyphae and decaying plant matter. 
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The second genus represented in the Bulimulinae is 

Naesiotus Albers, 1850. The snails belonging to this genus were 

recently reassigned from Rabdotus and include ~. nigromontanus 

(Dall, 1897), ~. christenseni (Miller and Reeder, 1984), and N. 

milleri (Hoffman, 1987). ~. nigromontanus is an extremely 

wide-ranging species. Collections of the author and Walter B. 

Miller indicate that it occupies much of eastern Sonora, Mexico, 

and enters the United States in southern Arizona (Figure 1). It 

ranges in elevation from ca. 200 to 1240 m. Entering only the 

eastern and higher part of the Sonoran desertscrub biome (Turner 

and Brown, 1982), it primarily inhabits the hills and mount~ins of 

Sinaloan thornscrub and the rilTer valleys and other low elevation 

and protected parts of Madrean evergreen woodlands (Brown, 1982). 

The range of ~. nigromontanus also includes some Sinaloan 

deciduous forest and Chihuahuan desertscrub. N. milleri inhabits a 

small area In eastern Sonora that appears to be prime N. 

nigromontanus habitat. It is apparently isolated from N. 

nigromontanus by the swiftly movi~g Yaqui River on the west, areas 

of high volcanic act:!.'1ity to the north and south, and high 

elevation to the east. N. christenseni is restricted to a single 

rockslide at the north end of the Santa Rita Mountains in southern 

Arizona. It is separated from ~. nigromontanus by about 65 km of 
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what appears to he largely inhabitable territory. I assume that N. 

christenseni is a relict of a large N. nigromontanu~ population 

that was isolated during some xeric period in the Pleistocene. 

A note should be made here regarding the wide ranges of R. 

bailey! and N. nigromontanus. While wide-ranging species are 

common in much of the world, the Bulimulinae of Baja California 

and all land snails larger than ca. 4 mm in diameter in southern 

Arizona exhibit a pattern in which each species is limited to one 

or a few mountain ranges. Comparatively little is known about the 

isolating mechanisms in Baja California, but in Arizona, each 

mountain range contains many speci~s but is isolated from its 

neighbors by the desert floor IlThich lacks suitable habitat for 

land snails. This situation is analogous to islands isolated from 

one another by ocean. One reason that this does not apply to R. 

baileyi and N. nigromontanus is that these are low elevation 

species, inhabiting the river valleys, a much more continuous 

habitat than the mountain peaks. 

The third genus of Bu1imu1inae that inhabits Sonora is 

Drymaeus Albers, 1850. It is represented by a single species, Q. 

reederi Hoffman, 1987, which inhabits southern Sonora and northern 

Sinaloa, Mexico (Figure 15). 

Since D. reederi is an arboreal species that seems t~ 

require a tropical habitat, it is limited by the increasing 

aridity that occurs north of Alamos, as well as by the cooler 

temperatures in the high Sierra to the east. In the west, the 
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range of £. reederi is limited by the Gulf of California, while 

its southern limit is largely unknown. In the south, through 

Stnaloa, the climate becomes more tropical and other species of 

Drymaeus appear. Competition from these other species may limit D. 

reederi in the south. 

Relationships within North America 

The three Rabdotus species in Sonora have been compared to 

Rabdotus sufflatus (Gould in Binney, 1859), !. levis (1893), and 

!. pilula (Binney, 1861) from Baja California, and to R. 

schiedeanus (Pfeiffer, 1841) from western Texas, and Chihuahua, 

Coahuila, and Durango, Mexico, !. alternatus (Say, 1830) from 

southern Texas, and from the states of San Luis Potosi, Nuevo Leon 

and Tamaulipas in Mexico, and !. dealbatus (Say, 1821) from 

eastern and central Texas, Alabama, Tennessee, Kentucky, Illinois, 

Iowa, Missouri, Kansas, and Oklahoma. The Sonoran, Baja, and 

Texas-Mexico groups of Rabdotus are all closely related, though 

the Texas-Mexico group is separated from the Sonoran group by the 

high, comparatively cold Sierra Madre Occidental, and from the 

Baja group by the Gulf of California. 

All of these Rabdotus have the typical traits of the 

genus. These are, a nepionic sculpture of axial riblets and a 

reproductive structure with typically short penis and vagina, with 

the glandular portion of the penis consisting mostly of glandular 

pouches, and with a spermathecal duct with a dilated section 

containing ridges within its lumen. 
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The shells of each group have some unique traits. The Baja 

group, for instance, have smaller, more ovate or globose shells 

than the other two groups which tend to be larger, though there 

are exceptions, with conical shells. Snails in the Sonora group 

have strongly reflected peristomes, f,olhile those of the other two 

groups have weakly or unreflected peristomes. The strongly 

reflected peristomes in the Sonora group may be adaptations for 

sealing to relatilTely large flat rocks; the Rabdotus in this gr.oup 

are invariably found sealed to flat surfaces of rocks during 

aes ti va tion. 

Though the reproductive structures differ among the 

species of Rabdotus in these three groups, there are no consistent 

differences among the three groups. 

All of the above groups of genus Rabdotus should be placed 

in the nominate subgenus. A fourth group of Rabdotus, members of 

the subgenus Plicolumna Cooper, 1895 from Baja California, Mexico, 

are characterized by cylindrical shells and angulate nepionic 

whorls (Christensen, 1978), while Rabdotus s.s. have rounded 

nepionic I~horls. 

Recently, Peter Megaw of the Geology Department of the 

University of Arizona found some fossil shells in late Paleocene 

to middle Eocene strata of central Chihuahua, Mexico (Peter :1egaw; 

Barry Roth, pers. com.) that appear to me to be very similar to 

the eastern group of Rabdotus that occurs there nOI~, though it may 

have been a closely related ancestor of the genus. Thls indlcates 
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that Rabdotus may have inhabited what is now the southwestern 

United States and northern Mexico for a very long time (33-40 

million years). Given this great age, it is very likely that 

ancestral Rabdotus, very much like extant species, were present on 

the western coast of r-iexico when the southern parts of Baja 

California were spli t off from mainland Mexico •. This probably 

occurred about 3 million years ago, and may have occurred in 

several stages with separate chunks breaking off from the mai:11and 

and accreting to the Baja California peninsula (Anderson, 1971; 

GasUl, et a1., 1972). In any case, Baja California was 101. enough 

during the Pleistocene that its southern mountain ranges rose up 

out of the ocean as a series of islands (Gastil, et al., 1983). 

Therefore, the differences between Plicolumna and Rabdotus s.s. tn 

Baja California may be due, in part, to their respective ancestors 

having been transported from the mainland to the peninsula on 

different land masses or isolated on different islands. Both 

subgenera occur in the southernmost part of Baja California and 

the islands nearby, primarily south of La Paz. 

The second genus of the Bulimulinae in Sonora is Drymaeus. 

This genus is ~epresented by a single species, D. reederi Hoffman, 

1987, that inhabits southern Sonora and northern Sinaloa. D. 

reederi, like the other Drymaeus in northwestern Nexico is in 

subgenus Mesembrinus Albers, 1850, but it does not appear to be 

closely related to any other known specie~. It ts much smalle~ 

than other knolm species in the area and the shell has much 
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flatter whorls. In addition, it is the only species of Drymaeus 

known to lack an epiphallic cecum. These differences may be due to 

major changes produced by speciation in a very small isola tad 

population. Accordingly, I Ilould expect this species to have much 

10\ler genetic diversi ty than other Drymaeus in the area. One 

problem encountered with Drymaeus that is more serious than it ts 

in the study of the other genera ts that the North Amedcan 

members of this genus occur primartly well .30uth of the Uni ted 

States, and are, for that reason, relatively unknolrn. 

Naesiotus presents a picture similar to that of Rabdotus 

in its Sonoran versus its Baja Californian peninsular forms. The 

Naesiotus of Baja California and those of Sonora and Arizona are 

united in having nepionic IJhorls with axial riblets and fine 

spiral threads running between the riblets (Breure, 1979; Breure 

and Coppois, 1978). TheIr reproductive tracts contain typtcally 

longer vaginae and penes than do Rabdotus, and the glandular 

portions of their penes consist largaly of tubules. Their 

spermathecal ducts are typically narrow, lacking the dilated 

portion typical of Rabdotus (Breure, 1979; Breure and Coppois, 

1978). The two groups of Naesiotus differ in that snails of the 

Baja group tend to have strongly reflected peristomes and they 

of tan possess columellar laminae, while mainland snails in t~1is 

genus have simple peristomes and lack collumellar laminae. 

Naesiotus occurs Earther northward on the western side of 

the mainland than does Rabdotus and its range in Baja Calif.ornl~ 



is generally between La Paz and the Vizcaino Peninsula, north of 

the Baja California Rabdotus. This may indicate that these 

populations were split when western California and the main part 

of Baja California were split from the mainland. This probably 

occurred sometime between 4 and 6 million years ago (Anderson, 

1971) • 

~elationships to Southern Hemisphere Bulimulinae 

72 

The foregoing discussion of relationships was rather 

straightforward. The real problem in Naesiotus zoogeography is an 

explanation of its disjunct distribution, with isolated 

populations in North America, South America, the Galapagos 

Islands, the Lesser Antilles, and Trindade in the South Atlantic 

Ocean (Breure, 1979) (Figure 16). The Galapagos and South American 

populations include at least 60 species (Breure and Coppois, 

1978). 

There are three possible explanations for such a disjunct 

distribution. The first is that the distribution is not a result 

of vicariance events, but a case of parallel or convergent 

evolution making it appear that several taxa are similar. The 

second is that a formerly very large range was split up when 

inhabitants of intermediate areas died out, leaving only 

populations within or at the extremities of the former range. And 

the third is that these populations were somehow transported from 

the place where they evolved, which mayor may not be within their 

present range, to where they exist now. 
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Figure 16. Distribution of Naesiotus. 
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The first possibility, that the apparent disjunct 

distribution was caused by a convergent evolution of two or more 

groups is very unlikely. My examination of specimens from the 

Galapagos Islands and from North America indicates that both 

populations have both the nepionic sculj1ture and the traits of the 

reproductive tract indicative of Naesiotus. Breure and Coppois 

(1978) indicate a consistency Ln these traits for many species 

from the Galapagos Islands, the mainland of South America, and the 

Island of St. Lucia. The possi.bUity that a suite of tralts 

including nepionic sculpture and similar reproductive structures 

evolved more than once seems remote. 

Besides Naesiotus, there are other dIsjunct distributions 

that show a similar pattern, making multij1le cases of convergence 

highly unllkely. Among land snails, there is the disjunctLon 

between popUlations of Bulimulus, with a northern popUlation in 

northern South Amecica, the Caribbean, and Central America, and a 

southern population in south-central South America (Breure, 1979), 

and a disjunction between He1minthoglyptinae of western Norta 

America, Epiphragmaphorinae of western South Ameri.ca, and the 

Cepolinae of the Caribbean, which are now considered to be a 

single family, Helminthoglyptidae. There are also many examples of 

North American-South American disjunctions among plants (BrOloTn and 

Gibson, 1983, pp. 397-403) and other phyla of animals i.ncluding 

two species of Echinodermat~, the holothurians Cucumaria chilensis 

Ludwig, 1875 and C. ~ Deichmann, 1941 (Maluf, 1987). 
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The second possibllity, that an intervening population 

died out, cannot be entirely ruled out. Breure (1979) feels that 

the disjunct distribution of Bulimulus may be the result of the 

upthrusting of the Andes making the environment untenable in the 

middle of its former range. This may be the answer for Bu1imu1us, 

though the fact that the high elevation ridge of the Andes does 

not divide the populations, but connects them, and that there are 

corridors of many types of habitat between them, dictate against 

such an explanation. Another problem \-1ith this theory with regard 

to Naesiotus as \o1e11 as the He1minthoglyptinae-Epiphragmaphorinae 

split is that their ranges were not even connected by land until 

ca. 3 million years ago at the end of the Pliocene (Hallam, 1972). 

If we assume that the northern population of Naesiotus is at least 

3 million years old in order to explain its disjunct distribution 

between Sonora and Baja California, and that the southern 

population is at least as old (a reasonable assumption considering 

its range and diversity) this would preclude the possibility that 

the North and South American pop1llations are remnants of a 

continuous range. 

This leaves only the third possibility, that Naesiotus 

evolved in either one of its present ranges or elsewhere and was 

subsequently transported to one or more of its present ranges. 

Many authors attribute North American-South American 

disjunctions in vascular plants to long-distance dispersal by 

migratory birds (Brown and Gibson, 1983). It is assumed that the 



76 

seeds of these plants were carried by birds, presumably primarily 

in their digestive tracts, but possibly in a few cases attached to 

feet or feathers. It, however, seems unlikely that seeds would 

stay in the digestive tract of a migratory bird for the thousands 

of miles required to transport them from southern South America to 

the southwestern part of North America, though dispersal on feet 

or feathers may be a possibility for some species. This 

possibility seems even more unlikely for large land snails 

hOI<1ever, particularly for those that live in rockslides as do most 

of the North American Naesiotus. Also, a study I am conducting 

using the techniques of MacArthur and Wilson (1967) indicates that 

there has been no detectable dispersal of large rock-slide snails 

between even contiguous mountain ranges in southern Arizona, even 

though there is much bird traffic. 

Another dispersal possibIlity that cannot be eliminated is 

that Naesiotus may have been transported on terranes from an 

origin in what was formerly the South Pacific Ocean, or a 

continental land mass in the Tethys Ocean. The science of 

microplate tectonics Is in its infancy compared with the study of 

movement of the earth's major plates. However, recent advances 

include the discovery that the west coast of North America 

underwent a cycle of growth in the Mesozoic, ca. 200 to 65 million 

years ago (Jones, et al., 1982). Jones, et al. further state that 

the width of the continent was increased by an average of 500 k:n 

along its length by addition of mUltiple individual blocks, some 
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of which had dimensions of thousands of square km and were clearly 

fragments of other continents that had traveled east and north 

from sites of origin in the Pacific basin. Though comparati~ely 

little study of the west coast of South America has been done from 

the standpoint of terranes representing Mesozoic continental 

accre tions, some have been found there. Enough rna terial e:ds ts Oil 

the coasts of North America, Asia, and South America (partLcul.arly 

southern Peru) to indicate that a small continent from the South 

Pacific, possibly coatiguous with what is now Australia completely 

broke up and its parts, some of them very large islands, accreted 

to the present continents (Figure 17) (Melville, 1966; Nur and 

Ben-Avraham, 1977). 

\Vith terralles on the west coast of South America sillilar 

to those found on the west coast of North America, the distinct 

possibility exists that the populations of Naesiotus were 

transported from some area of the southern Pacific, and they In3Y 

be more closely related to some of the South Pacific genera than 

to other genera of the Americas. Indeed, this may be the case for 

Rabdotus and Bulimulus, the other North American genera closely 

related to Naesiotus. Although they lack the neat North-South 

America disjunct distribution, they probably originated I.n the 

same place as Naesiotus and were probably transported in the same 

way. Comparison of these North American forms with Australian and 

Southern Pacific taxa Is warranted. 



Figure 17. Hypothesized origin and tracks of Naesiotus and 
Rabdotus. Approximate ages of the stages: A, 220 
million years ago; B, 180 million years ago; C, 130 
million years ago; D, 60 million years ago. Dark 
lines illustrate approximate continental margins at 
the time, fine lines mark present continental 
margins. (after Nur and Ben-Avraham, 1977). 
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CONCLUSIONS 

As a result of this investigation, Naesiotus mi11eri, 

Drymaeus reederi, Rabdotus new species A, and R. new species B 

have been discovered and described. 

The heretofore unknown anatomical char~cteristtcs of N. 

nigromontanus and R. bai1eyi have been examined, compared, and 

figured. 

The following changes in taxonomy have been proposed: 

a. sonorensis = N. nigromontanus, N. Syn. 

R. nigromontanus = !. nigromontanus, New Combination. 

R. mi11eri = N. mi11eri, New Combination. 

R. christenseni !. christenseni, New C~mbination. 

Sixteen species from Baja California, Mexico were also reassigned 

from Rabdotus to Naesiotus. 

The range of !. bai1eyi was restricted to Sonora and 

Sinaloa and a lectotype was selected for it. In addition, the 

ranges for !. bai1eyi and !. nigromontanus were extended withi~ 

Sonora and Sinaloa and the range of £. reederi wa~ plotted. 

From the extant ranges of North American Bulimulinae a'3 

well as fossil, paleoclimatic, and plate tectonic evidence, it was 

determined that Rabdotus and Naesiotus have probably inhabited 

roughly their present ranges since the Eocene. The three major 

population groups; the Texas-Mexico group, inhabiting Texas and 

79 



80 

the central part of the United States and northern Mexico east of 

the Sierra Madre Occidental; the Sonora group, inhabiting Sonora 

and Sinaloa, Mexico west of the Sierra Madre, and Southern 

Arizona; and the Baja group, inhabiting Baja California, Mexico; 

were formed early. The Baja group was separated from the others by 

the opening of the Gulf of California whila the Texas-Uexico and 

Sonora groups were separated by the upthrusting of the Sierra 

Madre Occidental. 

The subfamily Bulimulinae appears to have Southern 

Hemisphere origins and has a largely Gondwanaland distributio'1. I 

have proposed a Southern Hemisphere origin for either Rabdotus and 

Naesiotus or their immediate common ancestor and employed 

microplate tectonics to explain the North American distribution of 

Rabdotus and the North/South American distdbution of Naesiotus. 
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