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ABSTRACT 

A study of the Helminthoglyptidae of Sonora 

was undertaken to determine the extent of their distribution 

and speciation. As a result, nine new species of Sonorella 

are described, and new ranges of the known species are 

given. The status of the family is reviewed and its 

standing is supported with the analysis of morphological 

characteristics of several genera. 

The zoogeography of the family and its distribution 

are shown. Possible dispersal and isolation mechanisms are 

discussed in order to explain the present distribution of 

these snails, and comments on ecological and speciation 

accounts are offered. 

INTRODUCTION 

The family Helminthoglyptidae (of which Sonorella 

and Eremarionta are genera) in the southwestern united 

States has been studied extensively by several malacologists 

( H.A. Pilsbry; J.H. Ferriss; S.S. Berry; W.O. Gregg, etc.). 

Miller (1967a), contributed a comprehensive analysis of all 

the known species in the genus Sonorella for the state of 

Arizona. Currently, Miller, F.G. Hochberg, B. Roth, and 

R.L. Reeder are the most active malacologists working on the 

. Helminthoglyptidae of the southwestern United States. 

The situation is different in Sonora, Mexico, where 
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the literature on the family Helminthoglyptidae has been 

scattered and isolated, and where the relationships of the 

reported species have not been elucidated. By the early 

1960's only eight extant helminthoglyptid species were known 

to occur in Sonora. Miller (1967b&c) presented new 

localities for already existing species, and added three new 

species and one subspecies for the state. He also 

postulated a southernmost limit of the genus Sonorella in 

northern Sonora. Later, Bequaert and Miller (1973) 

summarized Sonoran snails in their Arizona checklist (Fig. 

1) • 

The objective of the research reported herein has 

been to gain a better understanding of the distribution and 

speciation of the family Helminthoglyptidae in Sonora, and 

to determine its most probable zoogeographical history. 

The description of heminthoglyptid species is based not only 

on shell characters but also on the morphology of their 

reproductive system. In that context, it was necessary to 

acquire live, adult specimens, because only adult specimens 

have a fully developed reproductive system. The reproductive 

systems were dissected out and preserved as whole mounts in 

accordance with the Gregg method (1959a). 

In determining what constitutes a new species, I 

have followed Mayr's (1940, 1942) biological concept of 

species: "groups of actually or potentially interbreeding 

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



Figure 1. Distribution of Eremarionta (left) and Sonorella 

(right) known in 1983, at the start of this 

study. 
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natural populations which are reproductively isolated from 

other such groups." However, the practical determination of 

reproductive 

characters. 

the problem 

isolation is usually based on morphological 

Miller (1967a) and Hoffman (1987) alluded to 

of the biological species concept, and 

have to confront this concept in 

Obstacles arise if we follow 

defining new 

the theory 

taxonomists 

species. 

rigorously and undertake to verify reproductive isolation 

through experimental crosses to determine infertility, lack 

of hybridization, and viability. Miller and Hoffman have 

stated explicitly how much time is needed to raise young 

snails to adulthood, keeping them separated in cages to 

prevent random mating prior to attempting hybridization. 

Most desert land snails reach adulthood under ideal 

laboratory conditions in approximately four years. 

Thereafter, the first generation, F-1, if any, may be ready 

to reproduce in the eighth year of the experiment, and 

subsequent progeny, F-2 may be ready by the 12th year. 

Obviously, this procedure is impractical, and a taxonomist 

must infer such criteria as chromosomal incompatibility, 

barriers to gene exchange, and malformation of gametes by 

examining the extent of morphological differences as 

evidence of genetic differences. 

Accordingly, in comparing morphological differences 

I have considered the following criteria as diagnostic 
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features for the description of a new species. In shell 

morphology: sculpture of the embryonic shell, shape of the 

shell, appearance of the periostracum, shape of the 

aperture, and general measurements, including diameter, 

height of spire, size of aperture, and width of umbilicus. 

In the reproductive system, the diagnostic characters are: 

length of penis and vagina, length, shape and sculpture of 

verge, length of free oviduct, shape of the vagina, presence 

or absence of glandular tissue on the inside walls of 'the 

penis and vagina, and the presence or absence of muscular 

nodes on the vagina. 

MATERIAL AND METHODS 

Materials 

In the course of this investigation, 

90 lots of specimens, each containing 

individuals, totalling over a thousand 

approximately 

one to many 

shells of 

Helminthoglyptidae, 

Approximately 25 

have been collected and examined. 

terraria were maintained in an 

environmentally regulated room in order to raise young 

snails to adulthood. Over 100 specimens were dissected and 

preserved to provide whole mounts of their reproductive 

systems. 

Collecting Methods 

In the arid southwest, helminthoglyptids are usually 
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found under rocks, hidden below the surface, approximately 

20 to 100 cm deep. Most live specimens are found attached 

to rocks, although a few may be found loose in the dirt 

under leaves. Such retreats are also usually associated 

with shaded ravines or riparian habitats. Sonorella 

cananea is an example of a helminthoglyptid found in such 

shaded, riparian habitats. 

In order to find live land snails in arid areas, one 

usually must first locate rock outcrops or rockslides, 

preferably on northfacing slopes. In such localities 

immediately after or during rain storms, one may be able to 

find snails actively crawling over the rocks or near-by 

vegetation. Most of the time, however, the snails have to 

be dug out from within the rockpiles where live ones are 

usually dormant, sealed to the rocks by means of a 

secreted, calcareous epiphragm. 

Since reproductive anatomies are required for 

identification, it is necessary to obtain live, adult 

animals. Frequently, adult animals cannot be found and one 

must hope to find immature specimens that can be 

subsequently raised in terraria. The terraria consisted 

of redwood boxes approximately 30 x 20 x 15 cm, covered with 

fiberglass screening. To maintain a humid environment, a 

thick layer of wet towels was kept on top, and to simulate 

natural conditions, a substrate of soil, twigs and rocks 
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found at the specific habitat was provided. The snails 

were fed romaine lettuce and occasional carrot slices. The 

terraria were checked each week to remove rotting leaves and 

provide fresh supplies. 

The terraria were kept in a room under regulated 
o 

temperature (ca. 25 C) and humid conditions. The humidity 

was varied with the season to simulate the natural 

environment. Most desert snails apparently require an 

annual dormant period and attempts to keep them active 

beyond the normal, wet season resulted in wholesale deaths. 

For that reason, snail activity was coordinated with the 

regular rainy seasons. 

Dissections 

Prior to dissection in order to obtain reproductive 

anatomies, the snails were drowned in water for 

approximately 24 hrs. This technique caused expansion and 

Then they were gradually heated in relaxation of tissues. 
o 

water to about 60 C at which temperature a snail can 

easily be pulled from its shell. The body, devoid of its 

shell, was placed in 70% alcohol for preservation. 

Immediate dissection (within the next one to three hours), 

however, was preferred while tissues remained soft and 

elastic. 

The specimen to be dissected was pinned in a thick 

wax-bottom Petri dish. Microsurgical scissors, forceps, 
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needles, and probes were used. Notes and sketches were 

prepared at the same time. 

Whole mounts 

The procedure for whole mount preparation (Gregg 

1959a; Miller 1967a, and Miller pers. ~omm.) is as follows: 

the specimen to Le mounted consists of the dissected 

reproductive system of the snail, which is attached to the 

base of a cork by means of a short, bent insect pin through 

a flap of tissue at the genital orifice. It is immersed in 

a vail filled with haematoxylin (saturated solution) , 

suspended from the cork, 

for a period of about 

which is used to stopper the vial, 

nine minutes. It is then removed 

and immersed in a similar-sized vial filled with destaining 

solution (2% HCL in 70% ethanol) for two to five minutes, 

until the specimen has changed color from deep black to 

light purple. It is removed and placed in 70% ethanol, for 

a period of three to five minutes, sufficient to dilute most 

of the absorbed acid. Finally it is placed in an eosin 

stain (saturated solution of eosin Y in 70% ethanol), where 

it may remain indefinitely, until it can be mounted. 

Protracted immersion in the eosin solution however will 

cause hardening of the tissues prior to mounting. 

Normally, one to two minutes of immersion are adequate for 

eosin staining. 
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Mounting 

The 

placed on 

specimen is removed from the eosin solution and 

a 25x75 mm slide or 50x75 mm for large 

specimens) . At this time, the structures can be cleaned of 

bits of attached connective tissue, and the organs 

separated and straightened (for subsequent measurements and 

comparative examination). A cover slip, or a similar 

slide, to which a very fine film of vaseline had been 

applied on the underside, is then placed on top of the 

specimen, and the slide, mount, and cover slip are tied 

firmly together with a piece of thread near each end to 

prevent the specimen from falling out during the dehydration 

and clearing processes. The vaseline is used to prevent 

sticking of the cover slip to the specimen when it is 

removed for embedding in Permount (histological mounting 

medium from Fischer Co.). 

Dehydration and clearing 

The whole-mount is dehydrated in a series of three 

jars of 100% ethanol. 

under 70% ethanol, 

since the dissection is usually done 

the mount can be placed directly into 

100% ethanol. The whole mount is immersed in each jar for a 

minimum of one day. 

from the tissues. 

This assures maximum removal of water 

After the third 100% ethanol immersion, the whole-

mount is transferred to a jar filled with 50% toluene and 
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50% ethanol, where it is kept for a minimum of one day. 

It is then immersed in a series of four toluene-filled jars, 

a minimum of one day per jar, in order to assure that all of 

the ethanol has been removed from the tissues. This 

process also serves to clear the lipids from the tissues and 

allows the transparent viewing of internal structures. 

Making the Permanent Whole-Mount 

After the fourth toluene immersion, the whole-mount 

is placed on a flat surface, the cover slip is removed, and 

a layer of Permount is poured over the preparation. A 

clean cover slip, or slide, is placed on top, and care is 

taken to eliminate bubbles. The whole-mount is then set 

aside to dry. The drying process may take several days and 

additional Permount may need to be added, with a pipette, to 

compensate for evaporation during the drying process. 

Permanent mounts are stored horizontally in covered, 

dust-free containers. 

ILLUSTRATIONS 

Using an overhead projector, outlined structures of 

the whole-mount are projected onto drawing paper and the 

details are sketched in. For scale, a one cm ruler is also 

projected and drawn. The fine details and specific 

features are added later, while observing the whole-mount 

under a dissecting microscope. Magnifications may be varied 



as needed from 8X to 40X. 
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The pencil drawings are 

transferred to coquille paper where a mixed-media technique 

(ink, crayon and pencil) is used. Labels are added with a 

Leroy pen set. 
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DESCRIPTION OF NEW Sonorella SPECIES 

Work previously done on the genus Sonorella 

(Pilsbry 1939; Miller 1967a; and Bequaert and Miller 1973), 

grouped the different species within complexes. Pilsbry 

put them in eight subgroupings. Miller rearranged those 

groupings into only four; he based his analysis primarily on 

anatomical features. Bequaert and Miller continued the use 

of these complexes in their checklist of the land snails of 

the southwest. During my research, I have reviewed the 

species within these groups in order to place the newly 

discovered species correctly. The primary characters I 

observed were the embryonic shell, adult shell, and 

reproductive system. Evidence from these traits led me to 

notice the unnaturalness of the groupings, and the subtle 

differences among these species. Finally I concluded that 

the species complexes of Miller (1967a) are artificial 

groupings, all are not necessarily each descended from a 

single ancestral species. It is difficult to place some 

species within a specific group and the limits of species 

within each group are ill-defined. Therefore, no grouping 

shall be attempted in this paper, although later studies on 

chromosome banding and DNA hydridization, as well as 

electrophoresis may help us to discriminate between 

phenotypic and internal anatomical variations, and may give 

deeper insight within the relationships of the genus. 



Following are the descriptions of the species of the genus 

Sonorella discovered through the course of this research. 

DESCRIPTIONS 

Family Helminthoglyptidae, Pilsbry 1939 

Sonorella Pilsbry, 1900 

Sonorella cananea Naranjo-Garcia, 1988 

Description of shell of holotype 

19 

Shell small for genus, depressed-globose, 

heliciform, tan, very hirsute; narrow, chestnut-colored 

spiral band on rounded shoulder; umbilicus contained 7 times 

in diameter of shell, only slightly covered by the reflected 

columellar lip. Embryonic shell of 1-3/4 whorls, with 

dull , worn periostracum, roughened by numerous radial 

wrinkles overlain by closelyset papillae. Post-embryonic 

whorls heavily wrinkled by radial striae, overlain by 

closelyset papillae; at unworn sections of shell, papillae 

are tipped with periostracal hairs. Body whorl descending 

sharply to the rounded, oblique aperture. Peristome 

scarcely thickened, not reflected, margins converging; no 

discernible parietal callus. Shell measurements of 

holotype (mm): diameter 13.0, height 7.0, umbilicus 1.8; 4 

whorls. 

Reproductive anatomy of holotype 
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ovotestis and female accessory structures as in 

other Sonorella. Male structures exhibit diagnostic 

characters as follows: penis short, containing a short, 

thick, dimpled verge, with conic tip; seminal duct opening 

at tip of verge. Penial sheath encasing the basal half 

penis; epiphallic caecum, enclosed within connective tissue 

of the vas deferens; vagina short, cylindrical, with a well 

developed muscular collar on the middle portion of vagina. 

Measurements in mm as follows: penis 4.3, verge 2.0, 

epiphallic caecum 1.0, vagina 2.7 (figure 2). 

Type locality 

Mexico, Sonora: Sierra Elenita, along arroyo "El 

Quince" which crosses Highway 2 at 2.1 miles (ca. 3.38 km) W 

of Puerto Cananea, a pass ca. 8 miles (ca. 12.88 km) W of 

Cananea; in igneous rock slide along right bank of creek, 
o 0 

ca. 0.1 miles (0.16 km) SE of Highway 2; 31 00.5' N, 110 

24.0' W, elevation ca. 5639 feet (1720 m). 

Disposition of types 

Holotype: santa Barbara Museum of Natural History 

No. SBMNH 34666. Paratypes: Academy of Natural Sciences of 

Philadelphia No. ANSP 361339, Field Museum of Natural 

History No. FMNH 212880, National Museum of Natural History, 

Smithsonian Institution No. USNM 859130, Universidad 

Nacional Autonoma de Mexico Coleccion Malacologica No. 1204, 



Figure 2. Sonorella cananea Naranjo-Garcia spec.nov. 

Basal Reproductive Anatomy of Holotype, SBMUH 

34666. EP Epiphallus, FO Free Oviduct, PE 

Penis, PR Penial Retractor Muscle, PT Prostate, 

SD Spermathecal Duct, SP Spermatheca, UT 

Uterus, VA Vagina, VD Vas Deferens, VE Verge. 
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University of Texas at El Paso No. UTEP 9720, W.B. Miller 

collection No.5233. 

Etymology 

This species is named for Cananea, Sonora, Mexico, a 

city near the type locality. 

Distribution and habitat 

Sonorella cananea is known from the type locality 

and from two other localities in the Sierra Mariquita, also 
o 0 0 0 

in Sonora, at 31 3.5' N, 110 22.5' W, and 31 2.0' N, 110 

22.4' W. The habitat corresponds to the Madrean Evergreen 

Woodland biotic community of Brown (1982). The vegetation 

at the type locality consists predominantly of Fraxinus 

velutina, Juniperus deppeana pachyphalaea, Quercus 

arizonica, Rhus trilobata and Fendlera rupicola. The other 

two populations in the Sierra Mariquita are found at a 

higher elevation (ca. 2000-2100 m) with Quercus emoryi, Q. 

oblongifolia, Q. arizonica, Pinus cembroides, Juniperus 

deppeana pachyphlaea, Yucca schottii and Rhus trilobata. 

Remarks 

Sonorella cananea seems to be related to Sonorella 

sitiens montezuma Pilsbry and Ferriss, 1915 and Sonorella E. 

montezuma Pilsbry and Ferriss, 1919. It differs from those 

species by its intensely papillose and hirsute shell and by 

the pronounced and numerous dimples on the verge. A common 

~ ~~~~~~~-~~~ ~~ ~ ~~ - -~~.~-~--~~~--~ -------------
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feature found on ~. sitiens sitiens, ~. ~. montezuma, and ~. 

cananea is the cylindrical shape of the vagina which narrows 

precipitously near its upper extremity. In~. cananea a 

prominent muscular collar is located at this constriction. 

This collar is weak in~. g. sitiens and~. g. montezuma. 

Sonorella cananea and ~. magdalenensis (Stearns, 1890), have 

in common a well developed muscular collar on the vagina. 

However, the differences between both species are 

pronounced, in anatomy as well as in shell morphology. In 

~. cananea all of the lower reproductive structures are 

short while in ~. magdalenensis they are long. 

The genus Sonorella has generally been considered a 

rock slide dweller (Pilsbry, 1939:268), which is the case 

for Sonorella cananea at the type locality; nevertheless, 

the populations in the Sierra Mariquita were found under 

leaves and dirt as well as under rocks. 

Sonorella burgessi Naranjo-Garcia, 1988 

Description of shell of holotype 

Shell depressed, heliciform, glossy, light tan, 

with a narrow light brown spiral band on rounded shoulder; 

the umbilicus contained 5.8 times in the diameter of shell, 

slightly covered by the reflected columellar lip. 

Embryonic shell of 1-1/4 whorls, lustrous; apex with 

extremely fine growth lines, and with post-apical surface 

--------------------------------------------------------------------------------
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roughened by closelyspaced radial wrinkles. Post-embryonic 

whorls shiny-lustrous, marked by light growth wrinkles. 

The last 1/8th of the body whorl descends sharply from the 

shoulder of the penultimate whorl. Aperture oblique, 

rounded, with peristome slightly expanded; margins 

converging; parietal callus thick; inner lip partly covering 

umbilicus. Shell measurements in mm as follows: diameter 

19.6, height 9.6, umbilicus 3.4; whorls 4. 

Reproductive anatomy of holotype 

Apical organs typical of the genus. The male 

structures exhibit diagnostic characters as follows: penis 

long, containing a long, stout, cylindrical verge; the verge 

moderately corrugated, accordion-like, with a parabolic tip, 

not at all expanded; seminal duct opening terminally; penial 

sheath enveloping the proximal 4.3 mm of the penis; a 

distinct, minuscule epiphallic caecum lying free from the 

vas deferens. Vagina a slender cylinder, scarcely wider at 

base than at apical region (close to free oviduct). 

Measurements in mm as follows: penis 15.9, verge 12.4, 

epiphallic caecum 1.0, vagina 10.0 (figure 3). 

Type locality 

Sierra el Viejo, Sonora, Mexico at base of NE-facing 

limestone cliffs, on ridge SW of canyon junction where road 
o 

from W turns N; elevation ca. 2,100 ft (640 m); Lat. 30 19' 



Figure 3. Sonorella burgessi Naranjo-Garcia spec. nov. 

Basal Reproductive Anatomy of Holot~pe, SBMNH 

34933. EC Epiphallic Caecum, EP Epiphallus, 

FO Free Oviduct, PE Penis, SD Spermathecal 

Duct, VA Vagina, VD Vas Deferens, VE Verge. 
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N, Long. 112 20' W; ca. 7 km E of EI Plomito. Collector: 

T.L. Burgess, 20 February 1980. 

Disposition of types 

Holotype: Santa Barbara Museum of Natural History 

No. SBMNH 34933. Paratypes: Walter B. Miller collection 

No. 7037, E. Naranjo-Garcia collection No. 378. 

Etymology 

This species is named after T.L. Burgess, the 

biologist who found the first specimen and brought it back 

for identification. 

Distribution and habitat 

This species is known from the type locality and 
o 

also from a nearby west-running wash at Lat. 30 18.7' N, 
o 

long. 112 20.2' W, at an elevations of approximately 540 m. 

The habitat is within the Lower Colorado J~iver Valley 

subdivision of the Sonoran Desert according to the criteria 

of biotic communities of Turner and Brown (1982:190). This 

subdivision is the driest of the Sonoran Desert due to a 

combination of low precipitation, high temperature, and low 

elevation in most of the area. The principal vegetation 

includes: Saguaro (Carnegiea gigantea) , Palo Verde 

(Cercidium microphyllum), Cat Claw Acacia (Acacia greggii), 

Elephant Tree (Bursera microphylla), Ironwood (Olneya 

tesota), Creosote Bush (Larrea tridentata), Brittle Bush 
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(Encelia farinosa), Senita (Lophocereus schottii), Organ 

Pipe cactus (Stenocereus thurberi), Ocotillo (Fouguieria 

splendens), Teddy Bear Cholla (Opuntia bigelovii), Desert 

Lavender (Hyptis emoryi), Shrubby Spurge (Euphorbia misera), 

and Palo de Asta (Cordia parvifolia) . 

Remarks 

Sonorella burgessi is probably most closely related 

to Sonorella amhigua Pilsbry and Ferriss, 1915, and 

Sonorella verdensis Pilsbry, 1939, here elevated to specific 

status. In 1967a Miller ranked £. verdensis as a 

subspecies of ~. ambigua because the verge of these two 

species looked very much alike. However, the verge of £. 

verdensis is more than 1/3 longer than that of Sonorella 

ambigti~. Furthermore these two taxa are geographically 

separated by over a hundred miles, without intervening 

populations. Accordingly, they are considered to be 

reproductively isolated. 

The male reproductive anatomy of £. burgessi shows 

an almost cylindrical verge, smooth, with some foldings, and 

a well rounded tip, while £. ambigua has a club-shaped 

verge, corrugated the last 1/3 of its length, with the 

thickest part behind the broad tip. In~. verdensis the 

shape of the reproductive structures is about the same as 

that of £. ambigua, however, the dimensions are ca. 1/3 

larger. The length of the structures is the shortest in £. 
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The vagina is almost cylindrical, tapering 

slightly to its apical end, in~. ambigua and ~. verdensis 

the vagina is cylindrical. 

Sonorella pratti Naranjo-Garcia, 1988 

Description of shell of holotype 

Shell depressed, heliciform, light brown, with 

chestnut spiral band on well rounded shoulder; umbilicus 

contained 4.8 times on diameter of shell. Aperture barely 

covered by the reflected columellar lip. Embryonic shell 

of 1-1/4 whorls marked by microscopic, hyphen-shaped 

papillae, arranged in parallel spirals on top of the closely 

spaced radial wrinkles at the outer half of the whorl; body 

whorl with faint, parallel, spiral grooves impressed on its 

upper surface; aperture ovate-lunate, margins converging, 

parietal callus thin. Shell measurements in mm: diameter 

19.3 mm, height 9.7 mm, umbilicus 4.0 mm; whorls, 4 1/4. 

Reproductive anatomy of holotype 

Ovotestis and female accessory structures as in 

other Sonorella. Diagnostic characters of male structures: 

penis long, containing a long, stout, club-shaped, 

cylindrical, smooth verge having an enlarged broadly conic, 

invaginable tip; penial sheath encasing the proximal 4 mm of 

the penis. Epiphallus shorter than penis; epiphallic 

caecum minute ca. 1.3 mm, buried in the connective tissue of 

-----~-----------~ ----
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the vas deferens. Vagina ca. half the length of penis, 

cylindric, barely tapering to the gonopore. Measurements 

in mm as follows: penis 22.0, verge 17.5, vagina 11.5 

(figure 4). 

Type locality 

Sierra el Viejo, Sonora, Mexico in north facing 

limestone rockpiles, at base of cliffs, at mouth of large, 

central canyon, running westerly, at point 9.5 road miles 
o 

north and 4.5 road miles east of El Plomito; Lat. 30 
o 

20'N, Long. 112 20,8' W; elevation ca. 1,650 ft. (500 m). 

Type lot collected by W.B. Miller, W.L. Pratt, and 

University of Arizona Bio. 580 students, 21-22 November 

1980. 

Disposition of Types 

Holotype: Santa Barbara Museum of Natural History 

No. SBMNH 34936. Paratypes: National Museum of Natural 

History, Smithsonian Institution No. USNM 859304, Academy of 

Natural Sciences of Philadelphia No. ANSP 367154, Field 

Museum of Natural History No. FMNH 205920, University of 

Texas at El Paso No. 10389, Universidad Nacional 

Autonoma de Mexico Coleccion Malacologica No. 1207, 

Walter B. Miller collection 7151. 

Etymology 

This species is named after my colleague Dr. William 

L. Pratt. 



Figure 4. Sonorella pratti Naranjo-Garcia spec.nov. 

Basal Reproductive Anatomy of Holotype, SBMNH 

34936. EC Epiphallic Caecum, EP Epiphallus, 

FO Free Oviduct, PE Penis, SD Spermathecal 

Duct,~' Vagina, VD Vas Deferens, VE Verge. 
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Distribution and habitat 

Sonorella pratti is known from the type locality and 

from two other localities in the same range. One of these 

localities at the head of a large southwesterly-running 

canyon where two tributary canyons come together at Lat. 
o 0 

30 21.0' N, 112 19.5' W., elevation ca. 800 m. The 

other locality is along cliffs at a point 9.5 road miles N 
o 0 

of EI Plomito and 4.5 road miles E, Lat. 30 20', 112 20.8' 

W. at an elevation of approximately 1650 m. The habitat of 

this Sonorella is within the Lower Colorado River Valley 

subdivision of the Sonoran Desert of the biotic communities 

of Turner and Brown (1982:190). 

Remarks 

The reproductive anatomy of Sonorella pratti 

resembles that of Sonorella imitator Gregg and Miller, 

1972. The differences between them are: the shell of ~. 

imitator is heavier, darker color, spire taller and as a 

consequence the shell is more globose-helicoid than in 2. 

pratti, which is flatter. The apical sculpture possesses 

round papillae on top of the strong growth wrinkles; 

subsequent whorls with fine stippling except on the body 

whorl. The shell of 2. pratti is light, and light tan in 

color, depressed-helicoid. The growth wrinkles are fine, 

as are the spiral descending threads, subsequent whorls 

smooth. In the reproductive system the main differences 
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are in the vagina of [. imitator which is about the same 

size as the verge (1/8 shorter), while in [. oratti it is 

half the length of the verge. The free oviduct and the 

penis in ~. imitator are shorter than in p-. pratti. 

Sonorella rothi Naranjo-Garcia, 1988 

Description of shell of holotype 

Shell depressed, globose, light tan; with a light 

brown spiral stripe on shoulder; shoulder round. 

Umbilicus contained 5.8 times on shell diameter. Embryonic 

shell of 1-1/4 whorls, apex with fine growth lines, 

thereafter the entire surface marked by numerous, closely 

spaced, hyphen-shaped papillae arranged in parallel, 

descending spirals; traces of a few scattered round papillae 

on subsequent whorls; shallow, parallel spiral grooves 

present on the last fourth of the body whorl near the 

suture; aperture descends to the front of the body whorl, 

roundly lunate; lip slightly reflected, margins converging, 

parietal callus very thin. Shell measurements in mm: 

diameter 20.3, height 11.9, umbilicus 3.5; whorls, 4 1/3. 

Reproductive anatomy of holotype 

Ovotestis and female accessory structures as in 

other Sonorella. The male structures exhibit diagnostic 

characters as follows: penis 

corrugated and dimpled verge, 

long, containing a 

with an acutely pointed 

thin, 

tip. 
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The upper 2/3 of inner walls of penis glandular. Penial 

sheath 1/3 as long as the penis; small epiphallic caecum 

lying free from the vas deferens. Vagina almost 

cylindrical, the upper region widening ovally, the middle 

narrowing slightly and the region close to the gonopore 

widening again; the inner walls are glandular. 

Measurements in mm: penis 14.7, verge 7.9, penial sheath 

4.6, epiphallic caecum 0.7, vagina 10.2 (figure 5). 

Type locality 

Northwest end of Sierra Pico (not "Picu"; see 

Official Standard Names, 1956:467), Sonora, Mexico, in 

igneous rocks at base of cliffs, along road from El Plomito 

to Puerto Libertad, at 14.9 road miles from El Plomito; 
o 0 

elevation ca. 1200 ft (365 m); Lat. 30 0.5' N, Long. 112 

27' W. Type material collected by W.B. Miller, B. Roth, 

and J.E. Hoffman, 13 November 1981. 

Disposition of Types 

Holotype: Santa Barbara Museum of Natural History 

No. SBMNH 34934. Paratypes: National Museum of Natural 

History, Smithsonian Institution No. USNM 859305; Academy of 

Natural Sciences of Philadelphia No. ANSP 367153, Field 

Museum of Natural History No. FMNH 205921, University of 

Texas at EL Paso No. UTEP 10390, Universidad Nacional 

Autonoma de Mexico Coleccion Malacologica No. 1208, W.B. 



Figure 5. Sonorella rothi Naranjo-Garcia spec.nov. 

Basal Reproductive Anatomy of Holotype, SBMNH 

34934. EC Epiphallic Caecum, EP Epiphallus, 

FO Free Oviduct, PE Penis, SD Spermathecal Duct, 

VA Vagina, VD Vas Deferens, VE Verge. 

Inset drawing shows the dimpled and undulated 

verge, as well as the glandular wall of penis. 
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Miller collection No. 7242, E. Naranjo-Garcia collection No. 

374. 

Etymology 

This species is named after my friend and colleague 

Dr. Barry Roth. 

Distribution and habitat 

This species is known only from the type locality. 

The habitat of Sonorella rothi lies in the Lower Colorado 

River Valley subdivision of the Sonoran Desert in accordance 

with the biotic communities of Turner and Brown (1982:190). 

Remarks 

Sonorella rothi has a verge somewhat similar in 

shape to those of Sonorella ashmuni Bartsch, 1904 and 

Sonorella sabinoensis sabinoensis Pilsbry and Ferriss, 

1919, but with significant differences in proportions. In 

~. ~. sabinoensis the length of the verge is more than 2/3 

the length of the penis whereas in~. rothi and~. ashmuni 

it is only about 1/2 the length of the penis. There are 

also significant differences in the proportional sizes and 

shapes of the vagina. In~.~. sabinoensis and ~. ashmuni, 

it is cylindrical and as long as the penis; in~. rothi, it 

forms an oval node at its apical end and it is less than 2/3 

the length of the penis. 
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Sonorella seri Naranjo-Garcia, 1988 

Description of shell of holotype 

Shell depressed, heliciform, light brown with a 

narrow chestnut band on the shoulder. Umbilicus 4.7 times 

the shell diameter. Embryonic shell of 1-1/4 whorls, apex 

smooth; first half of post-apical embryonic whorls with well 

defined growth wrinkles gradually covered by punctate 

papillae; the second half with hyphen-like papillae 

producing a reticulate effect; reticulation disappearing 

gradually on later whorls, leaving only growth wrinkles and 

a shiny periostracum; aperture expands to front of body 

whorl, ovate-lunate, oblique; parietal callus thin. Shell 

measurements in mm: diameter 18.9, height 8.9, umbilicus 

4.0; whorls 4. 

Reproductive anatomy of holotype 

Ovotestis and female accessory structures as in 

other Sonorella. Penis long, containing a long, smooth 

verge slightly wider near tha end, terminating in attenuated 

tip. Penial sheath short, less than 1/5 the length of the 

penis. Epiphallus shorther than penis, epiphallic caecum 

minute. Vagina tubular tapering to the gonopore; inner 

walls glandular, length ca. 1/2 as long as the penis. 

Measurements in mm as follows: penis 23.7, verge 21.1, 

penial sheath 5.0, vagina 12.6 (figure 6). 



Figure 6. Sonorella seri Naranjo-Garcia spec.nov. 

Basal Reproductive Anatomy of Holotype, SBMNH 

34935. EC Epiphallic Caecum, EP Epiphallus 

FO Free Oviduct, PE Penis, SD Spermathecal 

Duct, VA Vagina, VD Vas Deferens, VE Verge. 

- ---- --- ---------~--- ------ - ----------------------
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Type locality 

Sierra el Viejo, Sonora, Mexico in N-facing 
0 

limestone piles at north end of range, Lat. 30 24.1' N, 
0 

Long. 112 22.5' W, elevation ca. 1800 ft (550m) . Type 

specimens collected by W.B. Miller, J.E. Hoffman, G. Fink, 

and E. Naranjo-Garcia, 20 October 1984. 

Disposition of Types 

Holotype: Santa Barbara Museum of Natural History 

No. SBMNH 34935. Paratypes: National Museum of Natural 

History, Smithsonian Institution No.USNM 859306; Academy of 

Natural Sciences of Philadelphia No.ANSP 367155, Field 

Museum of Natural History No. FMNH 205922, University of 

Texas at El Paso No. UTEP 10391, Universidad Nacional 

Autonoma de Mexico Coleccion Malacologica No. 1209, E. 

Naranjo-Garcia collection No. 405, Walter B. Miller 

collection No. 7445. 

Etymology 

This species is named for the natives living in the 

vicinity of the type locality, the Seri People. 

Distribution and habitat 

This species is known only from the type locality. 

The habitat is within the Lower Colorado River Valley 

subdivision of the biotic communities according to Turner 

and Brown (1982:190). 



Remarks 

Sonorella seri seems to be most closely related to 

Sonorella parva Pilsbry, 1905 and Sonorella virilis 
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virilis Pilsbry, 1905. The shape of the verge is similar 

in these three species. The length of the penis of ~. seri 

is about equal to that of ~. parva, but shorter than that 

of ~. y. virilis; the vagina equals the length of the penis 

in ~. parva, while in ~. seri it is about one half, and in 

~. y. virilis it is about 2/3 the length of the penis. The 

shape of the vagina is different in all three species. In 

~. seri it is a narrow cylinder that tapers to the basal 

end, in ~. parva a cylinder with a swollen node near the 

middle, and in ~. y. virilis a long cylindrical tube without 

node or tapering end. 

Sonorella species "a" Naranjo-Garcia spec. nov. 

Description of shell of holotype 

Shell globose, heliciform, light tan, with brown

colored spiral band on rounded shoulder; umbilicus narrow 

contained 10 times in diameter of shell, 1/4 covered by 

reflected columellar lip. Embryonic shell of approx. 1 1/2 

whorls. Apex with heavy wrinkles followed by spiral 

descending and ascending threads, and granules superimposed 

on finer wrinkles. Post-apical whorls with growth wrinkles 

and eventual weak punctae and granules. Body whorl with 

-----~~~-~--~---~-------------------~--~~-
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somewhat silky appearance, with radial growth wrinkles, 

descending just behind aperture. Aperture descends in 

front of body whorl, oblique, ovate-lunate, margins 

converging. Parietal callus thin. Lip slightly and 

thicker than rest of shell. Shell measurements in mm: 

diameter 18.0; height 11.9; umbilicus 1.8; whorls 4. 

Reproductive anatomy of holotype 

Apical structures characteristic of genus. Penis 

short, slender, increasing in diameter at its union with the 

vagina, inner walls scarcely glandular. Verge smooth, 

about half the length of penis, with conical tip. Penial 

sheath about half the length of penis. Lumen of epiphallus 

rather wide, inner walls glandular. Epiphallic caecum 

minuscule. Vagina stout, ca. 2/3 the length of penis, 

inner walls smooth. Measurements in mm: penis 5.2; verge 

3.0; penial sheath 2.7; vagina 3.2; epiphallic caecum 0.4 

(figure 7). 

Type locality 

Sierra el Torreon, Sonora, Mexico, 17 road miles SE 

Magdalena on road to Cucurpe; under volcanic rocks, 
o 0 

elevation ca 1050 m. Lat. 30 27.8' N, long. 110 48.5' w. 

Disposition of Types 

Holotype: Santa Barbara Museum of Natural History 

No. SBMNH 34951. Paratypes: National Museum of Natural 



Figure 7. Sonorella species "a" Naranjo-Garcia spec. nov. 

Basal Reproductive Anatomy of Holotype, SBMNH 

34951. EC Epiphallic Caecum, EP Epiphallus, FO 

Free Oviduct, PE Penis, PR Retractor Muscle, PS 

Penial Sheath, VA Vagina, VE Verge. 



41 

AI-r--PE 



42 

History, Smithsonian Institution No. USNM 859326; Academy of 

Natural Sciences of Philadelphia No. ANSP 370245, Field 

Museum of Natural History No. FMNH 205938; University of 

Texas at El Paso No. UTEP 11105, Universidad Nacional 

Autonoma de Mexico Coleccion Malacologica No. 1211; E. 

Naranjo-Garcia collection No. 469 and 535; W.B. Miller 

collection No. 7454 and 7512. 

Distribution and habitat 

This species of Sonorella is known only from the 

type locality. Its habitat lies within the Madrean 

Evergreen Woodland biotic community of Brown (1982) . 

Primary vegetation includes: Cassia leptocarpa, Ceanothus 

huichugore, Cupressus arizonica, Dodonea viscosa, Erythrina 

flabelliformis, Garrya wrightii, Juniperus deppeana, ~. 

monosperma, Mimosa biuncifera, Quercus oblongifolia, Rhamnus 

betulaefolia, Rhus choriophylla, ,R. trilobata and Tillandsia 

recurvata. 

Remarks 

Sonorella species "a" appears to be closely related 

to Sonorella mormonum mormonum Pilsbry, 1948 and ~. mormonum 

huasabasensis Miller, 1967. It differs by having a shorter 

vagina and penis and by lacking the glandular inner walls 

present in the two~. mormonum. The verge is also more 

slender, the vagina thicker, and the free oviduct longer in 

~. "a" than in the two subspecies of ~. mormonum. 
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Sonorella species "b" Naranjo-Garcia spec. nov. 

Description of shell of holotype 

Shell depressed-globose, heliciform, thin, glossy, 

light brown with a reddish-brown band on upper. region of the 

rounded shoulder; umbilicus contained 7.7 times in diameter 

of shell. Embryonic shell of one whorl; apex of embryonic 

shell smooth with fine radial ripples, followed by gentle 

reticulate sculpture, subsequently fine but strong 

descending striae on top of growth wrinkles. On post-apical 

whorls the sculpture almost disappears, only growth wrinkles 

and scattered very fine round papillae remaining. Body 

whorl with only growth wrinkles. Aperture slightly 

expanded, ovate-lunate, wider than high, margins converging 

and columellar lip slightly covering umbilicus. Shell 

measurements in mm: diameter 17.8; height 10.5, umbilicus 

2.3, 4 whorls. 

Reproductive anatomy of holotype 

Apical structures characteristic of genus. Penis 

long, glandular, the upper 3/4 containing a stout, almost 

cylindric verge; verge thickening from apical region to 

center, sculptured with diagonal furrows not interconnected, 

conical tip; seminal duct terminal. Epiphallus about the 

same length as penis, bearing a small epiphallic caecum 

embedded in connective tissue. Penial sheath ca. 1/4 the 
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length of penis. Vagina slightly longer than penis, inner 

wall glandular, cylindric, slender at the basal end, with a 

very prominent and strong muscular collar on the upper 

portion near apical end. Free oviduct also glandular. 

Measurements in mm: penis 10.9; verge 4.4; penial sheath 

3.5; vagina 11.9; free oviduct 3.2;.epiphallus 11.0 (figure 

8) • 

Type locality 

Sierra Pozo Verde, Sonora, Mexico, on E flank of 

Cerro EI Sasabe, 4 km S of Sasabe on road to Altar, in 

igneous boulders, elevation ca. 1050 m. 
o 

long. 111 33.8'W. 

Disposition of Types 

o 
Lat. 31 26.3'N; 

Holotype: Santa Barbara Museum of Natural History 

No. SBMNH 34954. Paratypes: National Museum of Natural 

History, Smithsonian Institution No. USNM 859325; Academy of 

Natural Sciences of Philadelphia No.ANSP 370244; Field 

Museum of Natural History FMNH No. 205939; University of 

Texas at EI Paso No. UTEP 11104; Universidad Nacional 

Autonoma de Mexico Colee cion Malacologica No.1212, E. 

Naranjo-Garcia collection No. 473; W.B. Miller Collection 

No. 7243 and 7447. 

Distribution and habitat 

This species is found only in the type locality. 



Figure 8. Sonorella species "b" Naranjo-Garcia spec. nov. 

Basal Reproductive Anatomy of Holotype, SBNUH 

34954. EC Epiphalic Ca'ecum, EP Epiphallus, FO 

Free Oviduct, PE Penis, PR Penial Retractor 

Muscle, PS Penial Sheath, VA Vagina, VE Verge. 
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The habitat lies within the Semidesert Grassland biotic 

community of Brown (1982:123) . Primary vegetation 

includes: Prosopis glandulosa, 

splendens, Carnegiea gigantea, 

Opuntia phaeacantha. 

Remarks 

Acacia greggii, Fouguieria 

Larrea tridentata, and 

Sonorella species "b" appears to be closely related 

to fonorella magdalenensis (Stearns, 1890). They differ on 

the fat and blunt verge of §.. species "b"; the longer vagina 

and free oviduct of §.. magdalenensis. The vagina is about 

1/3 longer than the penis in §.. magdalenensis, while in §.. 

species "b" they are about the same length. Additionally 

,[. species "b" possesses a very strong vaginal collar 

located in the vicinity of the apical end of the vagina, 

while in ,[. magdalenensis the vaginal collar is much smaller 

and located about half way along the length of the vagina. 

Sonorella species "c" Naranjo-Garcia spec. nov. 

Description of shell of holotype 

Shell depressed-globose, heliciform, thin, shiny, 

tan, with a brown spiral band on well rounded shoulder; 

umbilicus rather wide comprised about six times in the 

diameter. 

a very 

granules 

Embryonic shell of approximately one whorl, with 

small smooth area on the apex, followed by round 

on closely spaced radial wrinkles, and extremely 
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subtle spiral descending striae on upper surface [worn even 

in live specimens); sculpture stronger near suture; 

succeeding whorls with granules on growth wrinkles, the 

granules gradually disappearing to the body whorl leaving 

only wrinkles. Body whorl descending steeply to scarcely 

expanded peristome. Aperture oblique, rounded, wider than 

high, margins converging, parietal callus very thin. 

Measurements in mm: diameter 20.0, height 11.9, umbilicus 

3.3, whorls 5. 

Reproductive anatomy of holotype 

Apical structures characteristic of genus. Penis 

long, enveloped by penial sheath for approximately 1/4-1/3 

of its length. Verge a long cylinder, smooth, with fine 

undulations, a central seminal duct and acute tip. 

Epiphallus shorter than penis, bearing a distinct epiphallic 

caecum surrounded by connective tissue. Vagina longer than 

penis, cylindric. Free oviduct almost half the length of 

the vagina. Measurements in mm: penis 8.4, verge 3.6, 

penial sheath 2.8, epiphallus 5.6 mm, epiphallic caecum 1.9; 

vagina 10.0, free oviduct 4.5 (figure 9). 

Type locality 

Sonora, Mexico; Cerro Gallardo, ca. 1.5 km S of 

Rancho Gallardo buildings, in N facing rhyolite rockpiles 
0 

below cliffs; elevation ca. 1500 m. Lat. 31 17.8' N, 
0 

long. 109 23.4' W. 



Figure 9. Sonorella species "c" Naranjo-Garcia spec. nov. 

Basal Reproductive Anatomy of Holotype, SBMNH 

34953. EC Epiphallic Caecum, EP Epiphallus, FO 

Free Oviduct, PE Penis, PR Penial Retractor 

Muscle, PS Penial Sheath, VA Vagina, VE Verge. 
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Disposition of Types 

Holotype: Santa Barbara Museum of Natural History 

No. SBMNH 34953. Paratypes: National Museum of Natural 

History, Smithsonian Institution No. USNM 859324; Academy of 

Natural Sciences of Philadelphia No. ANSP 370246; Field 

Museum of Natural History No. FMNH 205937; University of 

Texas at EI Paso No. UTEP 11106; Universidad Nacional 

Autonoma de Mexico Coleccion Malacologica No. 1213; E. 

Naranjo-Garcia collection No. 537; W.B. Miller collection 

No. 7424. 

Distribution and habitat 

This species is found only in the type locality. 

Its habitat lies within the Chihuahuan Desertscrub biotic 

community of Brown (1982:169) among the principal plants are: 

Larrea tridentata, Prosopis glandulosa var. torreyana, 

Acacia greggii, Coldenia canescens, Dasylirion leiophyllum, 

Fouguieria splendens, Jatropha dioica, Juniperus monosperma, 

Krameria parvifolia var. glandulosa, and Rhus microphylla. 

Remarks 

Sonorella species "c" has a reproductive 

somewhat similar to those of Sonorella franciscana 

anatomy 

Pilsbry 

and Ferriss, 1919, and Sonorella baboguivariensis depressa 

Pilsbry and Ferriss, 1915. 

specific measurements of 

Differences exist, however, in 

the principal structures as 
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follows: the verge has a blunt tip and is greater than half 

the length of the penis in~. franciscana; it has an acute 

tip and is shorter than half the lenght of the penis in ~. 

species "c", it has blunt tip and is only 1/3 the length of 

the penis in~. Q. depressa. The penis is 1/2 the length 

of the vagina in~. franciscana, 2/3 the length of the 

vagina in~. species "c", and equal to the length of the 

vagina in ~. Q. depressa. In view of the fact that ~. 

species "c" is geographically separated from both ~. 

franciscana and [. ~. depressa by over 150 miles, with no 

intervening intergrading populations, these anatomical 

similarities are considered to be caused by convergence. 

Sonorella species "d" Naranjo-Garcia spec. nov. 

Description of shell of holotype 

Shell depressed-globose, heliciform, thin, silky, 

light brown with a narrow, chestnut spiral band on upper 

shoulder; shoulder round; umbilicus narrow approximately 

1/8th of the shell diameter, slightly covered by reflected 

columellar lip. Embryonic shell of ca. 1 1/2 whorls, with 

radial ripples, round granules on ascending and descending 

threads, roughened appearance, abruptly changing to round 

granules on strong radial wrinkles; post-embryonic whorls 

with growth wrinkles. Aperture descends in front of body 

whorl; oblique, round-lunate, margins converging, peristome 
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delicately expanded, parietal callus thin. Shell 

measurements in mm: diameter 17.8, height 10.9, umbilicus 

2.3, whorls 4 1/2. 

Reproductive anatomy of holotype 

Apical structures characteristic of genus. Penis 

long, 2/3 of upper inner walls glandular, containing a long, 

smooth cylindrical verge, barely tapering to the tip; 

seminal duct opening subterminal adjacent to the 

diagonally pointed tip; verge ca. half the length of penis. 

Penial sheath enveloping about half of penis. Epiphallus 

thin with a detached, rather short epiphallic caecum. 

Vagina barely shorther than penis, wider at the apical end, 

inner walls glandular. Measurements in mm: penis 9.4, 

verge 4.9, penial sheath 4.5, epiphallic caecum 1, vagina 

7.1 (figure 10). 

Type locality 

Sierra Las Minitas, Sonora, Mexico; ca. 2 km SE of 

Rancho Jucaral buildings, in rhyolite rockslide, elevation 
o 0 

approximately 1400 m. Lat. 31 11.1' N, long. 109 4.7' W. 

Disposition of Types 

Holotype: Santa Barbara Museum of Natural History 

No. SBMNH 34952. Paratypes: National Museum of Natural 

HistorYf Smithsonian Institution No. USNM 859327; Academy of 

Natural Sciences of Philadelphia No. ANSP 370243; Field 

- ---------------------------------------------------------------------------------



Figure 10. Sonorella species "d" Naranjo-Garcia spec. nov. 

Basal Reproductive Anatomy of Holotype, SBMNH 

34952. EC Epiphallic Caecum, EP Epiphallus, FO 

Free Oviduct, PE Penis, PR Penial Retractor 

Muscle, PS Penial Sheath, VA Vagina, VE Verge. 
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Museum of Natural History No. FMNH 205936; University of 

Texas at El Paso No. UTEP 11103; Universidad Nacional 

Autonoma de Mexico Coleccion Malacologica No. 1214; E. 

Naranjo-Garcia colleccion No. 403; W.B. Miller collection 

No. 7407. 

Distribution and habitat 

This species is found at the type locality and 

addi tionally along the east bank of Rio Los Embudos in a 

rockpile ca. 1/2 km E of Rancho El Jucaral buildings, 
0 0 

elevation ca. 1200 m. Lat. 31 11.8' N; long. 109 5.2'W. 

The habitat is within the Chihuahuan Desertscrub biotic 

community of Brown (1982:169). 

Remarks 

Sonorella species "d" resembles Sonorella perhirsuta 

Miller, 1967, but strong differences separate both species, 

the main one being the persistently hairy shell of ~. 

perhirsuta. In both species the length of the vagina and 

the penis are approximately the same. In.§.. species "d" 

the seminal duct opening is consistently subterminal, 

opening in the proximity of the basal end of the verge, 

whereas in~. perhirsuta it opens at about 2/3 to 3/4 the 

length of the verge (Miller, 1967b). The verge in both 

species is long and full, with a dull diagonal tip although 

less defined in.§.. perhirsuta. .§.. perhirsuta has an ample 
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cylindrical vagina along its entire length, whereas ~. 

species "d" has slender cylinder diminishing in diameter to 

the gonopore. 
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FAMILIAL RELATIONSHIPS AND BIOGEOGRAPHY OF THE WESTERN 
AMERICAN HELICOIDEA (MOLLUSCA: GASTROPODA: PULMONATA). 

Familial Relationships 

A five year study of the biogeography of the 

Helminthoglyptidae in Sonora has led to numerous 

ramifications involving subfamilial, familial, and 

suprafamilial classification. It became necessary that 

suprageneric taxa be precisely identified and defined in 

order that their relationships could be utilized in 

determining the most probable origin, radiation pattern, 

vicariant history, and ultimate distribution of existing 

species. Currently, the Helminthoglyptidae is considered 

to belong to the superfamily Helicoidae (this taxon is 

often incorrectly named Helicacea, but the suffix of this 

name is not in accordance with Recommendation 29a of the 

International Code of Zoological Nomenclature, 1985) . 

According to the latest published opinion (Nordsieck, 1987) 

the Helicoidea includes the following families 

Sphincterochilidae Zilch, 1960, Xanthonychidae Strebel and 

Pfeffer, 1880, Bradybaenidae Pilsbry, 1934, Hygromiidae 

Tryon, 1866, and Helicidae, Rafinesque, 1815. 

The name Helminthoglyptidae was proposed by Pilsbry 

(1939:1) for dart-bearing, helicoid land snails with club-

shaped, globular or irregular mucus glands (not tubular or 

finger-shaped as in the Helicidae). No less than eight 
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strongly differentiated groups were recognized which he 

ranked as subfamilies. Only seven, however, were named: 

Helminthoglyptinae Pilsbry 1939, Sonorellinae Pilsbry 1939, 

Humboldtianinae Pilsbry 1939, Cepoliinae Pilsbry 1939 

(emendation for Cepolinae Hoffman 1928, a homonym) , 

Xanthonycinae Strebel and Pfeffer 1879 (as Xanthonychidae), 

Lysinoinae Hoffman 1928, and Epiphragmophorinae Hoffman 

1928. Of these seven subfamilies, Zilch (1960) lumped 

Lysinoinae into Humboldtianinae and Epiphragmophorinae into 

Helminthoglyptinae. Subsequently, Schileyko (1978) raised 

Humboldtianinae to familial rank as Humboldtianidae. 

The use of the name Helminthoglyptidae was brought 

into question by Baker (1959) when he showed that the name 

Xanthonychidae Strebel and Pfeffer 1879 had considerable 

priority over Helminthoglyptidae Pilsbry 1939. 

Furthermore, Baker showed in a precise chronological review 

of family names from 1867 to 1958 that the Old World family 

Bradybaenidae had been considered repeatedly to include many 

New World subfamilies of the Xanthonychidae. Indeed there 

were no precise, consistent characteristics known that could 

be used to separate Bradybaenidae from Xanthonychidae. 

Nevertheless, Baker condescended to allow the use of the 

name Bradybaenidae with this statement (1959: "Since the 

sizes of families are matters of convenience and/or custom, 

we Americans, North and South, can leave to the wisdom of 
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our Old World colleagues the advisability of a separate 

family for the genera of their home lands"). 

To date, European malacologists have continued to 

use the name Bradybaenidae for what Baker considered to be 

Old World Xanthonychidae, while many American malacologists, 

including those most active in helminthoglyptid systematic 

research have continued to use Pilsbry's Helminthoglyptidae 

for New World Xanthonychidae. 

Schileyko (1978) separated the subfamily 

Humboldtianinae from the Helminthoglyptidae (he continued to 

use Pilsbry's name) and raised it to familial rank. Miller 

(1987) concurred with Schileyko and showed that the genus 

Bunnya Baker, 1942, should be included in the 

Humboldtianidae. 

It is important, at this time, to review the basic 

characteristics used for separating families within the 

superfamily Helicoidea. All Helicoidea have, or are 

descended from ancestors that had, a reproductive system 

equipped with a dart and mucus gland apparatus associated 

with or in proximity to the vagina; species in this 

superfamily without a dart apparatus are believed to have 

become secondarily simplified in their evolution from dart

bearing ancestors. The dart apparatus is considered to 

function as a stimulatory organ, and the dart-less species, 

therefore, usually have a verge in the penis which functions 
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as an intromittent organ and possibly for stimulation as 

well. 

The principal characters used in separating 

families within the Superfamily Helicoidae are the type and 

shape of the mucus glands and whether they insert into the 

vagina or into the dart sac. Pilsbry (1939) published a 

simple key to differentiate between these families. The 

Helicidae have one dart sac with two tubular, simple or 

branching mucus glands inserted close to its base. 'The 

Helicellidae (now included in Hygromiidae) have one or two 

dart sacs, although sometimes absent, and the tubular mucus 

glands when present insert well above it on the vagina. The 

Helminthoglyptidae, now Xanthonychidae, according to Baker 

(1959) and Nordsieck (1987), have a dart sac (or sacs) and 

mucus glands. These mucus glands are club-shaped, globular 

or irregular (not tubular or digitiform [=finger-shaped)), 

and they insert close to the base of the dart sac. Pilsbry 

(op.cit.:15) then briefly referred to the Bradybaenidae "of 

Eastern Asia" as having irregular type mucus glands opening 

through an accessory sac on the dart sac or sometimes 

directly at the base of the latter. 

It was clear, from the above definitions that 

Pilsbry's Helminthoglyptidae and Bradybaenidae were a 

catchall group for those species whose mucus glands were 

not tubular or digitiform. In his study of the superfamily 
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Helicoidea, Schileyko (1978) based his identification on 

detailed anatomical 

Humboldtianinae 

Helminthoglyptidae) 

characterized by 

characters, and recognized that the 

(a subfamily of Pilsbry's 

formed a consistently 

four compact dart 

distinct group 

sacs arranged 

circumferentially high 

compact, mucus glands 

on the vagina, and four globular, 

(also arranged circumferentially) 

above the dart sacs and inserting directly into the vagina 

at the level of the dart sacs. Accordingly, Schileyko 

raised this subfamily to familial rank as a distinct and 

separable taxon whose character differences were of equal 

magnitude as the character differences used in separating 

the Helicidae and the Hygromiidae. Miller (1987) agreed 

with Schileyko and showed that the genus Bunnya Baker, 1942, 

was characterized by a similar set of dart sacs and mucus 

glands, except that their number was three each instead of 

four, and thus this genus should be included in the 

Humboldtianidae. 

Most recently, Nordsieck (1987) published a revision of 

the taxonomy of the Helicoidea based on a detailed study of 

the dart apparatus and mucus glands of the various groups. 

He illustrated, diagrammatically the various configurations 

of the system and defined each of the numerous families, 

subfamilies, and tribes, many of them newly erected. He 

then prepared an elaborate cladogram based not only on the 
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dart apparatus and mucus glands but also on the presence or 

absence of accessory seminal vesicles, chromosome number, 

presence or absence of accessory dart sacs, presence or 

absence of a spermathecal diverticulum, and the position of 

the spermatheca (either along the spermoviduct or bent away 

from it). From this cladogram he determined a phylogeny of 

the Helicoidea. 

The main thrust of Nordsieck's c1adogram, however, 

was to concentrate on the evolution of the Bradybaenidae, 

Hygromiidae, and Helicidae. A similar detailed analysis 

would have been highly desirable for the Xanthonychidae 

although it is recognized that there are large gaps in our 

knowledge of anatomical characters and chromosome numbers 

of the numerous xanthonychid subfamilies. 

Nordsieck (1987) affirmed that the correct familial 

name for the American Helicoidea (formerly called 

Helminthoglyptidae) should be Xanthonychidae as Baker (1959) 

had shown, and he recognized the following ten subfamilies: 

Monadeniinae Nordsieck, 1987 

Helminthoglyptinae Pilsbry, 1939 

Cepoliinae Pilsbry, 1939 

Epiphragmophorinae Hoffman, 1928 

Trichodiscininae Nordsieck, 1987 

Lysinoinae Hoffman,1928 

Xanthonychinae Strebel and Pfeffer,1880 



Metostracinae Nordsieck, 1987 

Humboldtianinae Pilsbry, 1939 

Eloninae Gittenberger, 1979 
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By returning the Humboldtianinae to the Xanthonychidae as a 

subfamily, he disagreed with Schileyko's familial ranking 

for this group, accusing Schileyko of being "ein 

ausgesprochener Splitter." (In the same paper, Nordsieck 

established three new subfamilies and numerous new tribes.) 

He concurred that Bunnya belonged with the Humboldtianina~ 

and erected the new tribe Bunnyini for the genus. 

Nordsieck's 1987 revision of the Helicoidea provides 

the most authoritative classification of the superfamily at 

this time. Disagreements with his findings must be 

substantiated with evidence. 

I consider the Humboldtianinae deserving of familial 

rank, and furthermore, I propose that the Helminthoglyptinae 

as defined by Nordsieck should be elevated to familial 

rank. During my study of the helminthoglyptine genera 

Sonorella Pilsbry, 1900, and Eremarionta Pilsbry, 1913, I 

also examined in detail whole mount preparations of the 

reproductive anatomies of other genera in the extensive 

collection of my major professor, Walter B. Miller. These 

included slides of Epiphragmophora Doring, 1875, Averellia 

Ancey, 1887, Bunnya Baker, 1942, Tryonigens Pilsbry, 1927, 

Humboldtiana Ihering,1892, Helminthoglypta Ancey, 1887, 
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Monadenia Pilsbry, 1895, Micrarionta Ancey, 1880, Greggelix 

Miller, 1972, Cepolis Montfort, 1810, etc. 

As a result of these studies, I find that I must 

disagree with Nordsieck in ranking the Humboldtianinae as a 

I concur with Schileyko in raising subfamily, and 

familial rank 

Humboldtianidae 

Helminthoglyptidae 

it to 

The for the following reasons. 

should 

on the 

circumferentially arranged 

and high on the vagina. 

be 

basis 

separated 

of several 

from the 

compact, 

mucus glands inserted directly 

In some species a sheath 

originating at the level of the dart sacs, wraps around the 

vagina (on that region), extends, and terminates on the 

mucus glands. In other species the whole apparatus seems 

to have been fused to the vagina, a character not observed 

in any other helicoid. 

Utilizing the same thought process while critically 

reviewing the anatomical characters of the various 

subfamilies of Xanthonychidae, it became quite obvious that 

the dart-equipped genera of Helminthoglyptinae stood out 

strikingly from all groups by consistently having one or 

both membranous mucus glands wrap around various parts of 

the anterior end of the reproductive tract and insert at the 

base of the dart sac. 

so strikingly different. 

No other subfamily has characters 

It is proposed, therefore, that 

the Helminthoglyptinae, sensu Nordsieck 1987, be raised to 
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1981) 

demostrated that Nordsieck's tribe Sonorellini (Pilsbry's 

Sonorellinae) is polyphyletic, subclassification within 

this family, must await more sophisticated methods of 

analysis, probably including chromosome banding and DNA 

hybridization. While Miller showed that Mohavelix Berry, 

1943, probably evolved from Helminthoglypta 

micrometalleoides Miller, 1970, and that Eremariontoides 

Miller, 1981, probably evolved from Eremarionta greggi 

Miller, 1981', there are no data currently available to 

indicate the immediate darted ancestors of the dart-less 

genera Sonorella Pilsbry, 1900, Sonorelix Berry,1943, 

Herpeteros Berry, 1947, Greggelix Miller, 1972, and 

Tryonigens Pilsbry, 1927. 

A simple key can be erected, as follows, to separate 

the Humboldtianidae and the Helminthoglyptidae from the 

Xanthonychidae: 

1. One or more mucus glands membranous .... Helminthoglyptidae 
Mucus glands vesicular .................................. 2 

2. Mucus glands and dart sacs compact, multiple, seated 
high on vagina ............................ Humboldtianidae 
Mucus glands and dart sacs not thus ........ Xanthonychidae 

Additionally, the following diagram shows the most 

probable phylogeny of the families, based on the concept 

that membranous mucus glands are probably ancestral to 

vesicular glands: 



Xanthonychidae Humboldtianidae Helminthoglyptidae 

mucus glands 
and dart sacs 
not seated high 

on 

mucus glands 
vesicular; none 

membranous 

mucus glands 
and dart sacs 

compact, multiple, 
seated high on 

one or more 
mucus glands 

membranous 
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In summary, the classification of the American 

Helicoidea, lumped by Nordsieck (1987) into the single 

family Xanthonychidae, is now proposed as follows: 

Helicoidea Rafinesque 

Xanthonychidae Strebel and Pfeffer, 1880 

Monadeniinae Nordsieck, 1987 

Cepoliinae Pilsbry, 1939 

Epiphragmophorinae Hoffman, 1928 

Trichodiscininae Nordsieck, 1987 

Lysinoinae Hoffman,1928 

Xanthonychinae Strebel and Pfeffer,1880 

Metostracinae Nordsieck, 1987 

Eloninae Gittenberger, 1979 

Humboltianidae Pilsbry 

Humboldtianinae Pilsbry 



Bunnyinae Nordsieck, 1987 

Helminthoglyptidae Pilsbry, 1939 

Helminthoglypta, Micrarionta, 
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Eremarionta, 

Plesarionta, Xerarionta, Greggelix, Sonorella, 

Sonorelix, Herpeteros, Mohavelix, Eremariontoides, 

Tryonigens. 
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Biogeography 

Figure 11 shows the general distribution of the 

western American Helicoidea, their Caribbean relatives, and 

the Asian Bradybaenidae. 

The close relationships, 

conchologically, between the 

anatomically and 

Helminthoglyptidae, 

Xanthonychidae, Humboldtianidae, and the Bradybaenidae has 

suggested common origin. While Croizant (1952) and 

Melville (1981) have suggested that the exchange of biota 

across a Bering land bridge is extremely insignificant, 

until recently it was generally accepted that the nearctic 

groups migrated such a route (Pilsbry, 1894; Pilsbry, 

1948:xlv; Gregg, 1959b) from a palearctic center of origin. 

An equally plausible theory for a nearctic origin, with 

dispersal in the opposite direction has also been suggested. 

Opponents of both these theories point to the necessity of a 

long trek in a relatively short time required for dispersal 

of the Epiphragmophorinae into Peru and Argentina in the 

one case, or into Turkestan and southern Europe, in the 

other', for Bradybaena and especially~. fruticum (Muller, 

1774), with unexplained extinctions from large geographical 

areas. 

Recently a new theory has suggested a Pacifican 

origin for an ancestral helicoid, just as Melville (1966, 

1981) proposed for the angiosperms. In this theory, 



Figure 11. Distribution of the western America Helicoidea, 

their Caribbean relatives and the Asian 

Bradybaenidae. 

____________________________________________________________ 0 __________ _ 
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Melville proposed the presence of a land mass located in the 

central Pacific during the Mesozoic, which then broke up 

into two terranes that migrated in opposite directions. One 

docked along eastern North America (Atlantica). The other 

joined eastern Atlantica and western Pacifica, adding large 

land masses to Eurasia. This land mass, which he called 

Pacifica, was contiguous with southern Gondwanian lands. 

This theory was generally ignored by zoologists 

until certain geological evidence was provided in its 

support (Nur and Ben-Avraham, 1977; Kamp, 1980; Davis, 

et.al. 1978; Coney, et.al. 1980; McGeary and Ben-Avraham, 

1981; Nur and Ben-Avraham, 1982). Then Jones et.al. (1982) 

showed convincing evidence which was supported by the work 

of Tarduno et.al. (1986) that western North America 

consisted of accreted terranes which originated thousands of 

kilometers to the south and west of their present position. 

Additionally, Jones et.al. provided fossil fusulinid 

evidence to show that Permian terranes, originally formed in 

the Tethys sea, had also accreted to form a large part of 

eastern Asia. While studying the sUbduction zone of Oregon 

and Washington State, which possesses accreted terranes, Kulm 

et.al. (1986) found communities of clams and tube worms 

(Calyptogena sp.) similar to those found on the accretionary 

complexes of Japan and the Philippine Plate, and other 

locations around the Pacific. Furthermore, geologists have 
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confirmed that plate movements have been occurring for the 

last two billion years, and North America (Canada and 

Central United States) is an assemblage of various blocki 

(cratons) which collided during a period of 100 million 

years (Kerr, 1985). 

Today, new data indicate that Pacifica was a 

somewhat smaller land mass (see figure 12) than that 
o 0 

suggested by Melville, probably situated around 12 S, 170 

W (Larson and Chase, 1972). 

This mounting volume of geological and fossil 

evidence, therefore, supports the theory of a Mesozoic 

Pacifican land mass which broke up into several parts that 

ultimately accreted to form a large part of western America in 

one direction and a large part of East Asia in the other. 

In light of this theory it is possible and even probable 

that passive dispersal, i.e. carried on mobile land masses, 

of helicoid populations radiated into North and South 

America, and East and Central Asia. The following are the 

logical consequences: 1) the arrival of the 

Helminthoglyptidae in western North America from Alaska to 

Baja California; 2) the arrival of the Humboldtianidae and 

several xanthonychid ancestors along southern Mexico; 3) the 

arrival of the Epiphragmophorinae in the vicinity of Peru; 

4) the arrival of the Cepoliinae into the Caribbean region 

[Burke et.al. (1984) located the Greater Antilles in the 

-~~~-~~~~---~---- ---------------------~ 



Figure 12. The evolution of Pacifica, A to D, dark 

lines illustrate approximated continental 

margins at the time, fine lines mark present 

continental margins. The broken pieces of land 

(on D) represent the accreted terranes which 

allowed for the dispersal of the different 

representatives of the Superfamily Helicoidea 

around the Pacific. 
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Pacific, possibly on the Farallon Plate, which moved 

northward and passed between North America and South America 

and collided with the Bahamas. While this has not been 

confirmed it at least offers a plausible explanation for the 

arrival of the Cepoliinae in that region long before the 

formation of the isthmus of Panama.] With this theory the 

absence of helicoids from Panama, Colombia, and Ecuador now 

does not need to be attributed to mass extinction since 

there is no evidence that they were there. 

The acceptance of a Pacifican center of dispersal 

for the western American and Caribbean helicoid families 

does not necessarily rule out the possibility of some trans-

Beringean migration. The Monadeniinae, whose current 

distribution ranges from Bristish Columbia to Central 

California, appear by their anatomy as well as shell 

characters more closely related to Japanese Bradybaenidae 

than to any American Xanthonychidae and may, therefore, have 

arrived in North America by way of a Bering land bridge. 

The Pacifican theory may help to provide an 

explanation for the peculiar situation in which there 

appears to be a complete absence of any helminthoglyptid 

populations from the southern limit of Sonorella and 

Eremarionta, 
o 

(approximately along the 29 latitude at 

Hermosillo) all the way to the southern border of Sonora, 

Mexico. From southeasternmost Sonora, I have examined one 
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specimen of Humboldtiana sp., provided by B. Roth from 5 

miles east of Yecora, and several specimens of the same 

species, collected by Hoffman and Miller, in Chihuahua just 

across the border from Sonora in the vicinity of Yecora. 

No other humboldtianid has been reported thus far in Sonora. 

Tryonigens ~ndi (Tryon, 1863), a helminthoglyptid of 

uncertain affiliation, has been reported from Guaymas by von 

Martens (1892), but I have failed to find it anywhere in 

that area. T. remondi does occur in Sinaloa, in the 

general vicinity of Mazatlan, where it is associated with 

Averellia sp., a xanthonychid, and Bunnya naranjoae Miller, 

1987, a humboldtianid. T. remondi, ~. naranjoae and 

Averellia spp. are fairly abundant farther south near the 

coast. Considerable exploration in southern Sonora, 

however, especially in the vicinity of Alamos, has yielded 

no helminthoglyptid species. This is the case even though 

the southern half of Sonora seems entirely suitable for land 

snails. The genera Rabdotus Albers, 1850 and Naesiotus 

Albers, 1850 abound from southern to northern Sonora 

(Hoffman, 1987). A plausible explanation, according to the 

Pacifican theory, is that the Helminthoglyptidae, with a 

more northern center of origin simply have not reached as 

far south as central and southern Sonora, while the 

Humboldtianidae and Xanthonychidae, with a southern center 

of origin, have thoroughly populated the Mexican plateau and 
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southern Mexico but only extended as far west as the edge of 

southeastern Sonora. 

This type of distribution in which a genus of land 

snails is abruptly delimited at a particular mountain range 

or canyon with no obvious change in the general environment 

is relatively common in western North America. For example 

species of Ashmunella abound as far west as the Huachuca 

Mountains of Arizona but do not occur a few miles farther 

west, such as in the Santa Rita Mountains where conditions 

are similar. Similarly Monadenia abounds along the 

California coast immediately north of San Francisco but not 

at all immediately south, while Helminthoglypta is abundant 

along the entire coast. The radiation of populations of 

large land snails into new territory is most stringently 

dependent on continuous conditions of adequate moisture and 

humidity. Microscopic species might be spread by wind 

storms or carried by large animals, but large land snails 

need to crawl, over a period of many generations, in order 

to populate new areas. Regions which are now arid, such as 

the southwestern deserts, could only have been crossed 

during earlier pluvial periods. Isolated populations of 

these snails, therefore, must be Pleistocene relicts, 

although one cannot completely reject the possibility of 

very small juveniles being wind transported. 

Nevertheless, it is a difficult task to determine 
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centers of dispersal from current distribution maps. The 

fact that Sonorella does not occur south of Hermosillo or 

southwest of the Sierra pico but does occur as far north as 

the Grand Canyon of the Colorado River might indicate a 

center of dispersal somewhere in the latitude of Phoenix or 

Tucson as "has been postulated by Bequaert and Miller (1973). 

Eremarionta on the other hand, with its southeasternmost 

population near Puerto Libertad and its northernmost 

population in Death Valley, California, could have had its 

center of dispersal west of the Colorado River near the 

latitude of Blythe or Needles. The absence of both" 

Sonorell~ 

therefore 

and Eremarionta from southern 

be considered a result of their 

Sonora could 

more northern 

centers of dispersal and their limited dispersal southward 

from there. Similarly, the absence of Tryonigens, Bunnya, 

and Averellia in Sonora could be attributed to southern 

centers of dispersal with a slow northward movement limited 

by climatic conditions. 

Nonetheless, prevailing distribution maps can not be 

used to determine an exact arrival of ancestral populations 

on the American Continent. The helminthoglypid genus 

Xerarionta is now restricted to the coastal area of Baja 

California and to some of the islands off the southern 

California coast. Yet, fossil Xerarionta species have bEen 

found as far east as west Texas (Roth, 1984). 
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It can only be postulated, therefore, that an 

ancestral helminthoglyptid population, which eventually gave 

rise to Sonorella and Eremarionta populations, arrived at the 

American continent at some northerly location while the 

ancestral xanthonychid and humboldtianid populations arrived 

at a more southerly point. The theory of the separate 

arrival of Pacifican immigrants to different parts of 

western North America provides explanation for the peculiar 

distribution of helminthoglyptid and humboldtianid genera in 

Sonora which could not be explained otherwise. 
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The Helminthogliptidae in Sonora 

After the arrival of the Helminthoglyptidae into the 

area from which it eventually dispersed, two distribution 

trends became evident. In Arizona, Sonorella is broadly 

distributed but the majority of species are concentrated in 

the central-eastern region (montane islands). In Sonora, 

however, the species of the same genus are distributed from 

west to east, and from north to south. 

Eremarionta exhibits an extraordinary distribution, 

being found along a narrow strip on the coast of Sonora, in 

the southeastern corner of California, in the vicinity of 

Laguna Salada, Baja California Norte (Miller, pers. comm.) a 

few miles from the United States border, and in the south

western corner of Arizona (see Fig. no. 13). 

There is a lack of fossil evidence for the two 

genera occurring in Sonora. There is only one record of a 

fossil shell; this is from Papago Springs Cave, Arizona, a 

late Pleistocene site (Skinner, 1942). 

The present distribution of Eremarionta in this 

region could be explained with the geologic history of the 

area. By the mid-Cretaceous, coastal California and the 

whole Baja California peninsula were united to mainland 

Mexico (Gastil and Jensky, 1973) see figure no. 14, and a 

volcanic belt ran southward from southern Arizona to Sonora, 

Baja California, and Sinaloa (Axelrod, 1979). Phenomena 



Figure 13. Distribution of the genera Eremarionta (left) 

and Sonorella (right). 
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Figure 14. The known distribution of the genus Sonorella 

in 1983, and the increse of range to the west, as 

a result of this study. 
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related to plate tectonics and sea floor spreading caused 

the Baja California peninsula to move to the northwest 

during the mid or late Miocene to Early Pliocene (Karig and 

Jensky, 1972), and to collide with what is now the central 

axis of California. These events created the Gulf of 

California (Karig & Jensky, op.cit.). 

It is reasonable to assume that Eremarionta was 

probably present in Sonora, Baja California, and California 

since at least 10-15 million years ago. If the present 

distribution of species of Eremarionta is plotted on a 

North American map, and the Baja California Peninsula is 

moved down to its position of 10 to 15 millions years ago 

(Fig. 15), one can observe a continuous distribution 

among the populations of Eremarionta, which led me to infer 

a greater distribution of the genus to the south. San 

Esteban island, the southernmost known locality of 

Eremarionta, was then situated at about the latitude of 

Guaymas, approximately 170 km to the S of its present 

location. The geographically closest ancestral 

neighbor [Eremarionta n. sp., soon to be published by Roth 

et al., pers. comm.] of Eremarionta rowelli mexicana from 

the Sierra Pinta, Sonora (Miller pers. comm.) is now located 

in San Bernardino County, California, on several mountain 

ranges. The nearest neighbor of §. ~. mexicana from Punta 

Libertad is now located south of the Mexican border in the 



Figure 15. The position of the Baja California Peninsula 

10 to 15 million years ago (after Axelrod, 1979). 
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vicinity of Laguna Salada. If the genus were once widely 

spread throughout this described range, the intervening 

populations either became extinct, or are restricted to 

small areas of suitable habitats not yet sampled. The 

absence of Eremarionta on 

California peninsula from 

the east coast of 
o 

approximately 28 

the Baja 
o 

to 32 N. 

latitude, could probably be explained by aridity caused from 

the rainshadow produced by the central mountain ranges along 

the peninsula. 

What we are seeing today is a contracted range for 

the genus, and the present disjunct locations represent 

modern relict populations which were able to adapt to 

changing conditions during the expansion of the Gulf of 

California and the major climatic changes occurring after 

the late Wisconsinan. 

Axelrod (1979) proposed a gradual change in the 

vegetation from mesic to arid environments, and he 

attributed these changes to plate tectonic events and climatic 

change since the Mid-Tertiary. 

The present distribution of Eremarionta in Sonora, 

San Esteban Is., the northeast corner of Baja California, 

and in California suggest a past continuous distribution 

which became disjunt when the Gulf of California was formed 

(Fig. 16). The north-south pattern of distribution may 

have been influenced by the orientation of mountain ranges 



Figure 16. Present distribution of the genus Eremarionta 

plotted on a map of the area 10 to 15 million 

years ago. 
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(see figure 17) as observed in a broad sense for the snails 

of North America by Solem (1979). 

Unlike the case in Arizona, where the trend appears 

to be along west to east routes, the general distribution of 

Sonorella magdalenensis and [. sitiens montezuma suggest a 

north to south pattern of dispersal (Fig. 18). I consider 

this to be an example of the type of dispersal accomplished 

by other species located in west and central Sonora. 

In Sonora, major mountain ranges are located to the 

northeast, with some isolated ranges in the center and to 

the west. In the northeast region, snails possibly 

continued the broad trend of dispersal observed in Arizona. 

In the west and central regions, the dispersal trend appears 

to be along north-south routes, as also observed in plants 

(Benson, 1982; Yankievich and Fischer, 1984}. This pattern 

is in accord with the north-south orientation of mountain 

ranges which may have provided suitable climatic conditions 

for snail dispersal. Nonetheless, being organisms with low 

vagility, their dispersal undoubtedly took many years and 

stopped when the climate changed during each interglacial 

period, as for example at the end of the late-Wisconsinan 

about 11,000 years ago. What we are seeing today is a 

relict and disjunct distribution of land snails which are 

restricted to their present localities and have been so 

since the Pleistocene. 

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



Figure 17. Hypothetical Past distribution of Eremarionta 

(stippling) before the opening of the Gulf of 

California superimposed on its present 

distribution (diagonal broken lines). 



87 



Figure 18. Distribution of Sonorella magdalenensis (open 

circles) and 2' sitiens montezuma (open 

triangles) . 
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This is another example of the consequence of 

glaciations and interglaciations which brought about the 

present distribution of biotas, namely through invasions by 

species which migrated during favorable glacial (pluvial) 

periods and remained isolated in special habitats during 

interglacial (xeric) periods while others became extinct. 

On the basis of the available evidence, thE 

following biogeographical history of land snails in the 

Southwest United States and Northwest Mexico seems 

reasonable. In Arizona, the wide distribution of Sonorella 

was primarily aided by the broad and continuous distribution 

of forests and woodlands, where current high elevation 

vegetation reached lower elevational limits, during pluvial 

periods. Within the woodlands, certain desert species 

thrived during the Late Pleistocene, characterized by a 

mesic and cooler climate, with mild winters and cool summer~ 

(Van Devender and Spaulding, 1979; Van Devender and Burgess, 

1985; Harris, 1987). Under these conditions, valleys 

between mountain ranges were suitable corridors for the 

dispersal of land snails adapted to a mesic environment. 

Such dispersal would have been undertaken during rainy 

seasons. The mountain ranges of Arizona all possessed 

riparian corridors, then more extensive and more mesic than 

today, which provided adequate year-long shelter for snails. 

Animal and plant remains from the southern United 
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States and portions of Mexico support this interpretation 

(Messing, 1986; Milstead, 1960; Martin and Harrell, 1957). 

Those remains are from organisms no longer present in the 

immediate locality, but which are now restricted to more 

mesic habitats or higher elevations several kilometers 

'distant (Harris, 1985). In most cases the fossil sites 

are no longer suitable habitats for the species found. 

Although, Axelrod (1979) considers the southwestern deserts 

to be of very recent age, recent findings are providing new 

insights on what probably happened 1n the past. The 

cycle of glacial-interglacial events occurred periodically, 

[the biotas enter in such dynamic mechanism (Van Devender, 

1986)] creating major climatic changes. The snails, which 

were previously adapted to more humid conditions, evenly 

distributed rains, cooler summers, milder winter 

temperatures, and longer times between estivation, were 

driven by the gradual desertification to adapt and survive 

in'the present desert environment. 

Speciation which has occurred throughout the Sonoran 

Desert, in the last 1.B million years (Van Devender, 1986), 

not only in snails but also in plants and other animals, is 

mainly attributed to climatic dryness (Stebbins, 1952; 

Axelrod, 1972; Brown and Gibson, 1983:391). Benson (1979) 

indicated that for plants, evolution occurs faster under 

harsh conditions, i.e. dryness, small habitat range, and 

poor soils, than under mild conditions. 
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Another consequence of the desertification of the 

region is the patchy distribution of snail species within 

their own wide ranges, where populations are confined to 

restricted areas, e.g., under limestone or volcanic 

rockslides, or in the proximity of water courses such as 

small ravines, washes or riparian habitats of permanent 

rivers such as the banks of the Rio Sonora. A combination 

of factors could have contributed to the speciation events 

proposed for Sonorella, including saltational speciation 

suggested by Miller (1973). 

~~-~-~~~-~-~-~~.~------- ~-~--------- ------~---
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ECOLOGY 

A few observations can be added to those made by 

Miller (1967a) regarding the ecology of the genus Sonorella, 

of which the majority of species live in Arizona and a few 

in Sonora. 

Sonorella is "distributed in Sonora from the low 

elevations ca. 500 m to elevations over 2000 m. Figure no. 

19 compares the east-west distribution of Eremarionta and 

Sonorella, from the coast to the Sierra Madre, with average 

summer temperatures and precipitation. The diversity of 

habitats to which Sonorella has adapted can be easily seen. 

These range from the Lower Colorado Valley Subdivision to 

the Madrean Evergreen Woodlands (Brown, 1982); and from 

the driest and hotter areas to more humid and cooler zones. 

Within these extremes, snails might be found under volcanic 

or limestone rockpi1es, but not on decomposing granite. 

Snails also live in riparian habitats and occasionally under 

surface rocks in dry was~es, where the moisture of recent 

rains is preserved for longer periods. 

In general Sonore11a goes dormant under rocks. A 

few species, however, are found also attached to leaves on 

littered soil, e.g. ~. magda1enensis and ~. cananea both are 

found attached to oak leaves; and ~. odorata odorata 

Pi1sbry and Ferriss, 1919 from Bear Wallow on Mt. Lemmon, 



Figure 19. Relation of Eremarionta and Sonorella with 

average summer Temperature (broken line) and 

average Precipitation (dotted line) for the 

Subdivision (after Brown, 1982). Localities: 1) 

Punta Libertad, 2) Caborca, 3) Pitiquito, 4) 

Altar, 5) Magdalena, and 6) Carbo. 
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Arizona, U.S.A. is found under logs (Mead, A. per. comm.; 

Gilbertson, 1969). 

habits 

Gilbertson (op.cit.) 

of land snails of 

provided insight into the food 

the Arizona highlands. He 

observed that lichens, mushrooms, cone and pine needles, 

bark, and litter were food items. Miller (1967a) added 

algae, moss and decaying wood to this list. Gilbertson 

also recorded a snail eating its epiphragm after becoming 

active, and I have also observed this same behavior, in 

animals maintained in the laboratory. 

Riddle (1983) mentioned that snails in preparation 

for dormancy, among other provisions, clear their gut. 

However, my examination of the intestinal content of 

recently dormant snails did reveal some unrecognizable 

debris. 

While allopatric distribution of the species of 

Sonorella is the general rule, a few species do live 

sympatricly. ~. walkeri walkeri Pilsbry and Ferriss, 1915, 

is sympatric with~. nixoni Miller, 1967b; also the wide

spread~. magdalenensis is sympatric with ~. aguafriensis 

Naranjo-Garcia and Miller, 1986 in the La Brisca area, where 

it slightly surpasses population density of ~. aguafriensis. 

In the Sierra El Torreon ~. magdalenensis lives with ~. 

aguafriensis and Sonorella species "a". This sympatry 

represents a very interesting association. The diverse 
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populations are patchily distributed within the same 

limited habitat, namely a huge volcanic rockpile. On the 

east side of this rockpile, Sonorella species "a" occurs 

with ,e.. aguafriensis, while on the west,e.. species "a" 

occurs with ,e.. magdalenensis. In both cases ,e.. species "a" 

outnumber those of the other two species, while,e.. 

magdalenensis outnumber ,e.. aguafriensis. 

I consider this association an example of 

coexistence (Ghilarov, 1984). The occurrence of sy~patric 

species probably can be explained by non-synchronous waves 

of arrivals of different species at the same site, 

during glacial periods (subject already treated 

chapter on Biogeography). 

possibly 

in the 

Eremarionta from the Sonoran coast at Punta Libertad, 

lives in association with plants characteristic of the 

Central Gulf Coast 

columnaris, Simmondsia 

biotic community (e.g. 

chinensis, and Encelia 

Fouguieria 

farinosa) . 

It remains dormant under limestone rock piles, closer to 

the surface than Sonorella. This biotic community receives 

slightly more precipitation than the low mountains (Sierra 

Pico) a few km to the east. Snails closer to the surface 

can probably take advantage of any transient condensation, 

such as dew or fog. Their success in such situations is 

reflected by the higher number of live individuals found 

there, compared to other locations in the immediate areas of 

Sierra pico and Sierra El Viejo. 
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Not much is known of the feeding habits of species 

of this genus. Specimens brought into the laboratory 

survived only a very short time. It is likely that the 

more continuous humid conditions in the laboratory were 

actually detrimental to their survival, possibly through the 

promotion of bacterial or fungal diseases. 
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CONCLUSIONS 

Systematics 

As a result of this research nine new species of 

Sonorella have been discovered and described. 

The following changes in taxonomy are proposed: 

Sonorella ambigua verdensis to be elevated to 

specific status as Sonorella verdensis. 

The subfamily Helminthogliptinae to be raised to 

familial status as Helminthoglyptidae. 

The family Humboldtianidae should retain its status 

sensu Schileyko. 

The tribe Sonorellini does not have valid taxonomic 

status as Miller has demostrated. 

The family Xanthonychidae remains with eight 

subfamilies until more data can be obtained to permit 

additional insights on subfamilial relationships: 

Xanthonychidae Strebel and Pfeffer, 1880 

Monadeniinae Nordsieck, 1987 

Cepoliinae Pilsbry,' 1939 

Epiphragmophorinae Hoffman, 1928 

Trichodiscininae Nordsieck, 1987 

Lysinoinae Hoffman, 1928 

Xanthonychinae Strebel and Pfeffer, 1880 

Metostracinae Nordsieck, 1987 

Eloninae Gittenberger, 1979 
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Detailed observations of various genera of the 

Helicoidea have allowed a better understanding of this 

superfamily. 

The groupings of species of the genus Sonorella in 

complexes has been set aside until more information 

(chromosome banding, electrophoresis, etc.) can provide a 

better understanding of the relationships between species. 

Biogeography 

The ranges of Sonorella magdalenensis and §. sitiens 

been expanded and the limits of montezuma have 

distribution of 

Sierra Pico area 

the genus have also been extended to the 

[ca. 90 miles straight line from Magdalena 

to Sierra Pico] 

Dispersal of snails follows two trends namely West

East and North-South, and it is suggested that this 

dispersal probably occurred during glacial periods. 

The past distribution of the genus Eremarionta 

appears to have been greater than today's. 

Geological evidence 

literature 

Helicoidea. 

Ecology 

in support of 

has been gathered from 

a Pacifican origin of 

the 

the 

Sympatry in Sonorella magdalenensis/aguafriensis/ 

Sonorella species "a" is considered to be an example of 

coexistence. 
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Evolution 

It is proposed that the land snails found in the 

region have evolved with the desert. Speciation was 

assisted and probably haste~ed by the desertification of the 

area, with saltational speciation, as suggested by Miller, a 

most likely mode. 



100 
LITERATURE CITED 

AXELROD, 0.1. 1972. Edaphic aridity as a factor in 
Angiosperm evolution. Amer. Nat. 106:311-320. 

AXELROD, D.I. 1979. 
vegetation. 

Age and origin of the Sonoran Desert 
Occ. Pap. Cal. Acad. Sci. 132:1-74. 

BAKER, H.B. 1959. Xanthonychidae (Pulmonata). Nautilus 73 
(1) :25-28. 

BENSON, L. 1979. Plant classification, 2nd edition. D.C. 
Heath and Co., Massachusetts i-xvi + 1-901. 

BENSON, L. 1982. The cacti of the United States and Canada. 
Stanford Univ. Press, Stanford, California. 

BEQUAERT, J.C. and W.B. Miller. 1973. The Mollusks of the 
arid Southwest with an Arizona check list. 
University of Arizona Press, Tucson Arizona. i-xvi 
+ 1-271. 

BROWN, D.E. 1982. Madrean evergreeen woodland. Pp.59-

BROWN, 

65,In: Biotic Communities of the American Southwest
United States and Mexico (D.E. Brown ed.) Spec.lssue 
Desert Plants Vol.4, nos.1-4. 342pp. 

J.H. and A.C. GIBSON. 
Mosby Company, St. Louis: 

1983. Biogeography. C.V. 
i-xi + 1-643. 

BURKE, K., C. COOPER; J.F. DEWEY; P. MANN; J.L. PINDELL. 
1984. Caribbean Tectonics and relative plate 
motions. Geol. Soc. Amer. Memoir 162:31-63. 

CONEY, P.J.; D.L. JONES, and J.W.H. MONGER. 1980. 
Cordilleran suspect terranes. Nature 288:329-333. 

CROIZAT, L. 1952. Manual of phytogeography. The Hague, W. 
Junk: i-viii + 1-587, 106 illus. 

DAVIS, G.A.; J.W.H. MONGER, and B.C. BRUCHFIEL. 1978. 
Mesozoic construction of the cordillera "collage," 
central British Columbia to central California. 
pp.1-32 In Howell D.G. and K.A. McDougall eds., 
Mesozoic paleogeography of the western United 
States: Society of Economic Paleontologists and 
Mineralogists, Pacific Section, Pacific Coast 
Paleogeography Symposium 2, :1-32. 

GASTIL, R.G. and W. JENSKY. 1973. Evidence for strike -

-------------- ---------------



101 

slip displacement beneath the trans-Mexican volcanic 
belt. Stanford Univ. Publ. Geol. Sci. 13:181-190. 

GHILAROV, A.M. 1984. 
reconsidered; or 
43:46-52. 

The 
why 

paradox of the plankton 
do species coexist? oikos 

GILBERTSON, L.H. 1969. Notes on the biology of the snails 
Sonorella odorata in Arizona. Nautilus 83(1):29-34. 

GREGG, W.O. 1959a. A technique for preparing in toto 
mounts of molluscan anatomical dissections. 
Amer. Malacol. Union. Annual Reports for 1958, 
25:39. 

GREGG, W.O. 1959b. Derivation of the Helminthoglyptinae 
with particular reference to the desert forms. 
Amer. Malacol. Union 12th Annual Meeting Pacific. 
Division July 9-12, 1959:45-46. [Abstract] 

HARRIS, A.H. 1980. The Paleoecology of Dry Cave, New 
Mexico. National Geographic Soc. Res. Rept. 12:331 
-338. 

HARRIS, A.H. 1985. Preliminary report on the vertebrate 
fauna of U-Bar Cave, Hidalgo County, New Mexico. New 
Mexico Geology 7(4):74-84. 

HARRIS, A.H. 1987. Reconstruction 
Environments in Southern New 
Geographic Research 3(2) :142-151. 

of Mid-Wisconsin 
Mexico. National 

HOFFMAN, J.E. 1987. Systematics and Biogeography of the 
Bulimulidae of Sonora. Ph.D. dissertation, Univ. of 
Arizona, Tucson Arizona, 100 pp. 

INTERNATIONAL CODE of ZOOLOGICAL NOMENCLATURE 3d. ed. 1985. 
Ride, W.D.L.; Sabrosky C.W.; G. Bernardi; R.V. 
Melville (eds.). Univ. of California Press, Berkeley 
and Los Angeles. 338pp. 

JONES, D.L.; A. COX; P. CONEY; and M. BECK. 1982. The growth 
of western North America. Sci. Am. 247(5) :70-84. 

KAMP, P.J.J. 1980. Pacifica and New-Zealand - proposed 
eastern elements in Gondwanaland History. Nature 
288 (5792) :659-664. 

KARIG, D.E. and W. JENSKY. 1972. The proto-gulf of 
California. Earth Planet Sci. Letters 17:169-174. 



102 

KERR, R.A. 1985. Plate tectonics goes back two billion 
years. Sience 230 (4732) :1364-1367. [Research News]. 

KULM, L.D.; E. SUESS; J.C. MOORE; B. CARSON; B.T. LEWIS; 
S.D. RITGER; D.C. KADKO; T.M. THORNBURG, R.W. 
EMBLEY; W.O. RUGH; G.J. MASSOTH; M.G. LANGSETH; G.R. 
COCHRANE, and R.L. SCAMMAN. 1986. Oregon 
subduction zone: venting, fauna, and carbonates. 
Science 231 (4738) :561-566. 

LARSON, R.L. and C.G. CHASE. 1972. Late Mesozoic evolution 
of the western Pacific Ocean. Bull. Geol. Soc. 
Amer. 83(12):3627-3644. 

MARTENS, E. von 1890-1901. Biologia Centrali-Americana. 
Terrestrial and fluviatile Mollusca. (London) : i
xxviii + 1-706. 

MARTIN, P.S. and B.E. HARRELL. 1957. The Pleistocene 
history of temperate biotas in Mexico and eastern 
United States. Ecology 38(3) :468-480. 

MAYR, E. 1940. Speciation phenomena in birds. Amer. Nat. 
74:249-278. 

MAYR, E. 1942. Systematics and the origin of species. New 
York, Columbia University Press, 797p. 

McGEARY, S.E. and Z. BEN-AVRAHAM. 1981. Allochthonous 
terranes in Alaska: implications for the structure 
and evolution of the Bering Sea shelf. Geology 
9(12) :608-614. 

MELVILLE, R. 1966. Continental drift, Mesozoic continents 
and the migration of the Angiosperms. Nature 
211:116-120. 

MELVILLE, R. 1981. Vicarious plant distributions and 
Paleogeography of the Pacific region. pp. 238-274 
In: Vicariance Biogeograpgy: a critique. Columbia 
University Press, New York, 593 pp. 

MESSING, H.J. 1986. A Late Pleistocene-Holocene fauna from 
Chihuahua, Mexico. South. Nat. 31(3) :277-288. 

MILLER, W.B. 1965. Preliminary observations on Sonorella 
in Arizona and Mexico. Ann. Rept. Amer. Malacol. 
Union 32(for 1965) :50-51. 

MILLER, W.B. 1967a. Anatomical revision of the genus 



Sonorella (Pulmonata:Helminthoglyptidae). Ph.D. 
dissertation, Univ. of Arizona, Tucson Arizona, 
293 pp. 

103 

MILLER, W.B. 1967b. Two new Sonorella from Sonora, Mexico. 
Nautilus 80(4) :114-122. 

MILLER, W.B. 1967c. 
and notes 
81(1) :1-9. 

Two new Sonorella from Sonora, Mexico, 
on southern limit of genus. Nautilus 

MILLER, W.B. 1970. A new species of Helminthoglyota from 
the Mojave Desert. Veliger 12 (3) : 275-278. 

MILLER, W.B. 1973. Saltational speciation in American 
Helminthoglyptidae (Gastropoda: Pulmonata). Bull. 
Amer. Malacol. Union 38:44. 

MILLER, W.B. 1981. A new genus and a new species of 
Helminthoglyptid land snails from the Mojave Desert 
California. Proc. Biol. Soc. Wash. 94(2) :437-444. 

MILLER, W.B. 1987. A new species of Bunnya 
(Gastropoda:Pulmonata:Humboldtianidae) from western 
Mexico, with notes on its life cycle and familial 
relationships. The Veliger 29(3):308-312. 

MILSTEAD, W.W. 1960. Relict species of the Chihuahuan 
desert. South. Nat. 5(2) :75-88. 

NORDSIECK, H. 1987. Revision des systems der Helicoidea 
(Gastropoda:Stylommatophora). Arch. Moll. 118(1/3) 
:9-50. 

NARANJO-GARCIA, E. 1988. Sonorella cananea, a new species of 
land snail (Gastropoda:Pulmonata:Helminthoglyptidae) 
from Sonora, Mexico. Southwestern Naturalist 
33(1):81-84. 

NARANJO-GARCIA, E. 1988. Four new Sonorella (Gastropoda: 
Pulmonata:Helminthoglyptidae) from Northwestern 
Sonora, Mexico. Veliger 31(1/2): 00-00 (in press). 

NUR, A. and Z. BEN-AVRAHAM. 1977. Lost Pacifica Continent. 
Nature 279(5632) :41-43. 

NUR, A. and Z. BEN-AVRAHAM. 1982. Oceanic plateaus, the 
fragmentation of continents, and mountain building. 
J. Geophys. Res. 87(B5) :3644-3661. 



104 

OFFICE OF GEOGRAPHY (Dep. of Interior). 1956. Mexico: 
Official Standard Names. Washington, D.C. 750pp. 

PILSBRY, H.A. 1894. Guide to the study of Helices. Manual 
of Conchology 9:vii-xlviii, +366. 

PILSBRY, H.A. 1939. Land Mollusca of North America (North 
of Mexico) Acad. Nat. Sci. Phila. Monograph No.3, 
Vol. 1, Part 1, i-xi + 1-573 pp. 

PILSBRY, H.A. 1948. Land Mollusca of North America (North 
of Mexico) Acad. Nat. Sci. Phila. Monograph No.3, 
Vol. 2, Part 2, i-xlvii + 521-1113. 

RIDDLE, W.A. 1983. Physiological ecology of land snails 
and slugs. pp.431-463. In: Russell-Hunter, W.D., 
ed. The Mollusca, vol. 6. 

ROTH, B. 1984. Lysinoe (Gastropoda:Pulmonata) and other 
land snails from Eocene-Oligocene of Trans-Pecos 
Texas, and their paleoclimatic significance. The 
Veliger 27(2) :200-218. 

SCHILEYKO, A.A. 1978. Land mollusks in the superfamily 
Helicoidea. In: Fauna of the USSR, Mollusks 3(6). 
Acad. Sci. USSR, Zool. Inst. 384pp. 

SKINNER, M.F. 1942. The fauna of Papago Springs Cave, 
Arizona, and a study of Stockoceros; with three new 
antilocaprines from Nebraska and Arizona. 
Bull. Amer. Mus. Nat. Hist. 80 (6): 143-222. 

SOLEM, A. 1979. A theory of land. snail biogeography 
patterns through time. pp. 225-249 In: Pathways in 
Malacology. Holkema BV, Utrecht. 295 pp. 

STEBBINS, G.L. 1952. Aridity as a stimulus to plant 
evolution. Amer. Nat. 86(826) :33-44. 

TARDUNO, J.A.; M. McWILLIAMS; W.V. SLITER; H.E. COOK; M.C. 
BLAKE,jr; and I. PREMOLI-SILVA. 1986. Southern 
Hemisphere or1g1n of the Cretaceous Laytonville 
Limestone of California. Science 231 (4744) :1425-
1428. 

TURNER, R.M., and D.E. BROWN. 1982. Sonoran desertscrub. pp. 
190-200 In Brown, D.E. ed. Biotic communities of the 
American-Southwest-United States and Mexico. Desert 
Plants (Special Issue) Vol. 4(1-4), 342pp. 



105 

VAN DEVENDER, T.R. 1986. Pleistocene climates and endemism 
in the Chihuahuan Desert flora. pp.1-19 In: Proc. 
of the 2nd Chihuahuan Desert Symposium. J.C. 
Barlow; B.N. Timmermann and A.M. Powell, eds. 
Chihuahuan Desert Research Inst. 172 pp. 

VAN DEVENDER, T.R. and T.L. BURGESS. 1985. Late 
Pleistocene woodlands in the Bolson de Mapimi - a 
refugium for the Chihuahuan Desert biota. Quatern. 
Res. 24(3) :346-353. 

VAN DEVENDER, T.R. and W.G. SPAULDING. 1979. Development of 
vegetation and climate in the Southwestern United 
States. Science 204:701-710. 

YATSKIEVYCH, G. and P. C. FISCHER. 
from the Sonoran Desert. 
185. 

1984. New plant records 
Desert Plants 5(4) :180-


