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Hall, J.A. 1998. Scaphiopus intermontanus. 

Scaphwpus intermontanus Cope 
Great Basin Spadefoot 

Sccrphiopits inrermontanus Cope 1883: 15, 18. Type localities, 
"within the limits of Salt Lake City, and ... from Pyramid 
Lake, Nevada," restricted to "Salt Lake City," Salt Lake 
County, Utah, USA by Schmidt (1953:59). Syntypes, Acad- 
emy of Natural Sciences, Philadelphia (ANSP) 13787 (Utah, 
Salt Lake City) and 13788-89 (Nevada, Pyramid Lake) (not 
examined by author but confirmed to be adults; T. Daeschler, 
pers. comm.). Cope (1883) reported obtaining three or four 
specimens at Pyramid Lake, probably during July of 1882; 
however. only the two noted above have been found (Malnate 
197 1:35 1). Although Cope implied he was the collector at 
Salt Lake City, he was vague as to how he obtained the speci- 
mens from Pyramid Lake (Cope 1883). 

Span hrrmtnotldii ittrermonmna: Cope 1889:303. First use of 
this combination. 

Sprtr inrertnortrana: Cope 1896: 1015. First use of this cornbi- 
nation. 

Scnphiopirs hrm~mondii interntontnnus: Wright and Wright 
194252. First use of this combination. 

Sl?erc haninloridii itzrermonmnus: Stejneger and Barbour 1943: 
39. Emendation of ending; however, the authors attributed 
the first use of this combination and spelling erroneously to 
Cope ( 1883). 

Sccrphonrs hatnmotldii inrerrnontnnits: Chenoweth 1950532. 
Misspelling of Scaphiopus. 

Spea it~rertnonrotius: Firschein 1950:77. Emendation of end- 
ing. 

Scophiopus hammondi interntontanus: Schmidt 195359. Emen- 
dation of ending. 

Senphiopus intermontann: Fitzner and Gray 1991 : 197. Ernenda- 
tion of ending. 

Content. No subspecies are recognized. 

Definition. Adult Scaphiopus intermontunus attain a total body 
length of between about 4 M 3  mm (see Descriptions; range 
calculated by compiling published data from references cited 
herein). Females tend on average to be slightly larger than males. 
The body is compact with relatively short hindlimbs. Hall et al. 
(1997) reported a ratio for adults of 1.15 for hindlimb length / 
snout-vent length. The snout is short, slightly turned up 
(pugnosed), and may be callused. Teeth are present on the up- 
per jaw. The eyes have vertical, elliptically shaped pupils. The 
iris color is brassy with fine black reticulations. Poorly defined 
(rudimentary) parotoid and tibia1 glands and distinct tympana 
are present (Hall et al. 1997). A wedged-shaped (cuneiform), 
keratinized, black digging spade is present on the underside of 
the inner edge of each hind foot (may appear sickle-shaped dur- 
ing its early development; see Hall et al. 1997). Dorsally, the 
ground color may be gray, brown, or olive, and it is more or less 
mottled with darker color. Coloration generally matches the 
surroundings (Nussbaum et al. 1983). Ventrally, the skin is light 
gray, cream, or white. Skin tubercles may be present on the 
back. sides, and thighs; these can be red or orange and located 
within dark brown or black spots or blotches. A large dark blotch 
usually is present atop each eyelid; in some individuals these 
meet across the top of the head to form a V-shaped pattern. 
Usually present are a pair of light gray, irregularly outlined or 

Figure I .  Recently transfonned Scccphiopus in~ertnotrtarzus from 
Stevens County, Washington (photograph by Willian~ P. 
Leonard). 

Figure 2. Adult Scaphiop~rs irltermonrunirs trom Grant County. 
Washington (photograph by William P. Leonard). 

broken, longitudinal stripes that form an hourglass pattern on 
the dorsum. Similarly, light gray lines running from behind the 
tympanum posteriorly along the sides of the body also may be 
present, as well as a single light gray line on the posterior por- 
tion of the dorsum (i.e., over the urostyle). A frontoparietal 
fontanelle may be present, absent. or divided into two fonta- 
nelles (Hall 1993). An elevated ridge of bone runs longitudi- 
nally along the orbital margin of each frontoparietal bone. Also 
present is a humped-shaped glandula~- mass between the eyes. 
In contrast to females, males possess an internally divided vo- 
cal pouch (McAlister 1959), darker throat artd chin, more ex- 
tensive webbing on the hind feet (Chrapliwy 1956). keratinized 
excrescence on the medial surfaces of fingers one, two, and three 
(nuptial pads), and small coni (pointed projections) with kerati- 
nized apices scattered mostly across the dorsum (Hall et al. 
1997). The nuptial pads, and perhaps the other character states 
except the vocal pouch, are only seasonally dimorphic. 

At hatching larvae are 5-7 mm in total length. Before enter- 
ing metamorphic climax they may attain lengths of up to 70 



mm. Body shape is mostly globular to ovoid and is somewhat head from the abdomen. The abdomen has a golden iridescence. '---. 
depressed. Coloration is dark gray, brown, or black. In dorsal and gold or brassy flecks or patches are otherwise scattered about. 
view an area just anterior to the gut is relatively clear of The external nares are oriented anterolaterally with the opening 
pigmention laterally and seems to separate a triangular-shaped rimmed dorsally and on the sides to form a short tube (Hall 



Figure 3. Dorsal views of predominately predaceous. carnivo- 
rous (top) and predominately herbivorous (bottom) larval mor- 
phological types of Scaphiopus intermontanus. The carnivo- 
rous morphological type is from Ada County, Idaho (photograph 
by John H. Larsen, Jr.). 

1993). The eyes are positioned dorsally and close together, el- 
evated slightly, and oriented anterolaterally (more laterally than 
the nares). A single spiracle is located low on the left side of the 
body (paragyrinid) with its aperture oriented mostly posteriorly 
and slightly dorsally. The vent tube opens posteromedially with 
a longitudinally oriented, slit-like aperture. The tail fins both 
form shallow arches. The dorsal fin stops at the body. At the 
site of maximum fin curvature and height, both dorsal and ven- 
tral fins are slightly greater in height than the tail musculature 
(Hall 1993). The tail tip has a slightly attenuated appearance. 
The brownish pigmentation of the tail musculature forms a chev- 
ron pattern (dirker dorsally). The tail fins are pigmented in a 
brown reticulate pattern exceot for a clear area in the anterior of 
the ventral fin. The oral disc is protuberant and lacks emargin- 
ations. The distal portion of the oral disc forms a circular fold 
of tissue that surrounds the mouth opening: the anterior and 
posterior labia. The labial fold contains typically one to two 
rows of marginal papillae, except for an anterior gap where one 
of the labial tooth (denticle) rows resides. Typically, at full de- 

velopment, four tooth rows are present on both the anterior and 
posterior labia (Hall 1993). The two rows on each labium clos- 
est to the mouth opening always have median gaps, the next 
row out usually, but not always, has a median gap, and the outer- 
most row is always complete across the midline. The upper 
keratinized jaw forms a broad arch that extends laterally be- 
yond the lateral limits of the lower jaw. The lower jaw forms a 
shallow to steep V. Both jaws are serrated. Variation in the jaw 
shape occurs - a median projection on the upper jaw and a 
notch and projections on the lower jaw may be present - and 
may be associated with carnivorous food habits. A keratinized 
knob of tissue is suspended from the roof of the buccal cavity. 
In one laboratory study, larvae entered metamorphic climax at a 
SVL of about 23 mm and completed climax at about 20 mm 
(Hall 1993). 

Diagnosis. Scaphiopus intermontanus adults can be distin- 
guished externally from adult S. holbrookii (includes hurterii) 
by the absence of pectoral glands, smaller size (< 65 mm SVL), 
and a cuneiform-shaped digging spade. Scaphiopus holbrookii 
possesses pectoral glands, is lager in size (can be >80 mm SVL), 
and has a sickle-shaped digging spade. Scaphiopus coltchii is 
similar in size to S. holbrookii and is the only Scaphiopus with 
a marbled coloration pattern. Internally, the presence of rela- 
tively large opercula, lack of dermal encrustation on the skull, 
lack of contact between the maxillae and squamosals, and com- 
pletely divided vocal sac in males distinguish S. intermontanus 
from S. couchii and S. holbrookii (see Kluge 1966: 19; the data 
for opercula are reversed in Table 5, but described correctly on 
page 10). Male S. intermontanus can be distinguished from all 
other Scaphiopus males by characteristics of its mating call 
(McAlister 1959, Northen 1970). Conflicts in the literature in 
regard to size differences between S. intermontanus and S. 
bombifrons, S. hammondii, and S. multiplicatus, possibly attrib- 
utable to either geographic variation or misidentification of speci- 
mens, or both, preclude separation of these species on this ba- 
sis. The presence of prominent ridges along the orbital margin 
of the frontoparietal bones, glandular material in the interor- 
bital space, and a tendency towards closure of the frontoparietal 
fontanelle with bone in S. intermontanus distinguishes this spe- 
cies from S. hammondii and S. multiplicatus. Typically, S. 
bombifrons develops a rounded, bony "boss" atop each fron- 
toparietal in contrast to the ridges of S. intermontclnus, though 

Map. Distribution of Scaphiopus intermontanus. The type localities are indicated by circles. Dots mark other localities. Fossil 
localities are indicated by stars. A question mark indicates an uncertain fossil site. The mapped location for the Pyramid Lake, 
Nevada syntype is arbitrary. The original citation for the specimens collected at Pyramid Lake (i.e., Cope 1883) provided no 
specific locality information other than that the locale was at a pond in proximity to the lake shoreline. All but one Arizona location 
(taken from the literature) are based on catalogued museum records. All fossil localities are taken from the literature. Museum 
records plotted on the map are from: AMNH, ANSP, BYU, CAS (includes CAS-SU), KU, MVZ, Oregon St. Univ., Roy. Brit. 
Columbia Mus., UCM, UMMZ, and USNM (all records obtained directly by the author); LACM, Univ. Puget Sound, and Washing- 
ton St. Univ. (most records obtained via Kelly McAllister of the Washington Dept. Fish and Wildlife); and FMNH, Idaho St. Univ., 
Univ. of Idaho, Univ. of Louisville, and Univ. Texas at Arlington (records obtained via Charles Peterson of Idaho St. Univ.). Mu- 
seum abbreviations are as found in Edwards (1975). 

Museum locality data used in this account should be regarded as a secondary source of information, as the author did not confirm 
specimen identity. Based on other sources of information, published and otherwise, the author, however, in several cases did make 
changes to the interpretation of specimen identity recorded by some museums. Thus, some of the plotted locations may have been 
assigned by a museum to a different species within the genus Scaphiopus. Moreover, several museums had locality records for 
specimens identified as S. intermontanus that occurred outside of the distributional boundaries provided here. Again, based on other 
sources of information, these records were rejected and considered to represent other species of Scaphiopus. All errors of interpre- 
tation that may be present are solely the responsibility of the author. The distributional boundaries indicated here represent a 
hypothesis the accuracy of which is subject to field testing. In addition to museum records, sighting information and habitat 
association data were used to predict the range outline. No attempt has been made to predict areas of potentially unsuitable habitat 
that may occur within the boundaries. Because many museum records are >SO years old, S. intermontanus may not occur presently 
in all areas indicated by its historic distribution. 



individuals of each species may approach the condition of the 
other (Northen 1970). Northen (1970) also found that some S. 
bornbifrons individuals had similar amounts of glandular mate- 
rial overlying the boss area as can be found in S. intermontanus 
and that hybrids between S. rnultiplicatus and either S. bornbi- 
frons or S. interrnontanus cannot be distinguished just on the 
basis of the condition of the frontoparietal bones. McAlister 
( 1959) observed that compared with other Scaphiopus, S. inter- 
montanus males had considerably more gular 'kin and subhyoid 
muscular modification potentially resulting in a comparatively 
greater amount of vocal pouch inflation in S. intermontanus. 

Scaphiopus interrnontanus larvae can be distinguished from 
larval S. couchii and S. holbrookii by the presence of the kerati- 
nized knob in the roof of the mouth, which these latter forms 
lack. Scaphiopus inferrnontanus larvae also are much larger in 
size for a given stage of development (Altig 1970, Altig and 
Johnston 1986). Compared with S. bornbifrons, the body is more 
depressed, the dorsal fin does not rise as abruptly from the body, 
and the tail length / tail height ratio is greater: 2.0 or more in S. 
intermontanus (Hall 1993) and 1.9 or less in S. bornbifrons (Altig 
1970). Compared with S. harnrnondii, the tail height / tail mus- 
culature height ratio is greater: 3.0 or more in S. intermontanus 
(Hall 1993) and 2.9 or less in S. hamrnondii (Altig 1970: this 
authority did not recognize S. multiplicatus as a distinct species 
separate from S. harnrnondii; therefore, the reported criterion 
may apply to only one or the other species or to both). 

Descriptions. Adult S. intermontanus are described in Cope 
(1883,1889). Snyder (l920),Tanner (193 I), Logier (1932), Gor- 
don (1939), Carl (1943), Chrapliwy (1956). Fichter and Linder 
(1964), Stebbins (1966, 1985), Blair et al. (1968), Cochran and 
Goin (1970), Behler and King (1979), Nussbaum et al. (1983), 
Green and Cambell(1984), Baxter and Stone (1 985), MacMahon 
(1985). Macey and Papenfuss (1991a), Leonard et al. (1993). 
and Corkran and Thoms (1996). Quantitative data on adult size 
measures are provided in Cope (1889), Storer (1925; included 
among those for S. harnmondii), Logier (1932), Tanner (I93 I .  
1939), Chrapliwy (1956). Northen (1970), Nussbaum et al. 
(1983), and Hovingh et al. (1985). The collecting location of 
the specimens measured by Tanner (I93 1) is not specified; how- 
ever, the context of the rest of the manuscript implies they are 
from Utah. Comparison of size data between citations is con- 
founded by geographic variation in these measurements 
(Hovingh et al. 1985). inconsistent measurement techniques, and 
a failure to always separate the data according to sex. Linsdale 
(1940) provided semi-quantitative morphological data for adults 
and juveniles from a number of locations (mixed with data for 
other species of Scaphiopus). Ruthven and Gaige (1915) de- 
scribed the appearance of recently transformed and juvenile in- 

dividuals. Tanner (1939) described the larvae, focusing mostly ? 
on the mouthparts, and provided some measurement data as well. 
Larvae also are described in Fichter and Linder (1964), 
Nussbaum et al. (1983). Green and Campbell (1984), Hall 
( 1993), Leonard et al. (1993), and Corkran and Thoms (1996). 
Based on the locality information included, some of the descrip- 
tions of adults, juveniles, and larvae provided by Stebbins (195 1) 
for S. hammondii apply to S. intermontanus. Wright and Wright 
(1942) and Wright and Wright (1949) described adults and lar- 
vae; however, they did so by directly quoting the descriptions 
provided by other authorities. 

Besides the mating call audiospectrogram provided here, ad- 
ditional audiospectrograms can be found in Northen (1970) and 
Bogart (1971). Measurements of mating call variables are pro- 
vided by Blair (1956). McAlister (1959), and Northen ( 1970). 
Blair (1956) and Northen (1970) also described geographic varia- 
tion in the mating call, and Northen identified the quantitative 
effects of water temperature on call variables. Qualitative de- 
scriptions of the mating call are provided in Englehardt (1918), 
Snyder (1920), Wood (1935), Wright and Wright (1949), 
Stebbins (1951, 1966, 1972, 1985), Zweifel(1956), Fichter and 
Linder ( 1964), Cochran and Goin (1 970), Smith ( 1978). Behler 
and King (1979), Froom (1982), Nussbaum et al. (1983). Green 
and Campbell (1984), MacMahon (1985). Leonard et al. (1993), 
and Corkran and Thoms (1 996). Fouquette (1 980) used indi- 
viduals of S. interrnontanus to determine a predictive relation- 
ship between environmental temperatures and body tempera- 
ture that can be applied to anuran species, such as S. 
intermontanus, that call at night in water (but with about half 
the body surface exposed to air). A sound recording of S. 
interntontanus mating calls is commercially available (Davidson 
1995). n 

Illustrations. Black and white illustrations of adults are in 
Carl (1943), Stebbins (195 1, 1954), Cook (1984), Green and 
Campbell (1984), and Zeiner et al. (1988). Color illustrations 
of adults were provided by Stebbins (1951, 1966, 1985) and 
Smith (1978). Black and white photographs of adults are in 
Grinnell and Storer (1924), Slevin (1928),Tanner (1931), Wright 
and Wright (1949), Chrapliwy (1956), Nussbaum et al. (1983), 
and Baxter and Stone (1985). Color photographs of adults were 
included in Behler and King (1979), Hammerson (1982a), 
MacMahon (1985), Macey and Papenfuss (1991a), Leonard et 
al. (1993). and Corkran and Thoms (1996). 

Illustrations of the digging spade are provided in Cope (1 889), 
Gordon (1939), Tanner (1939), Fichter and Linder (1964), Blair 
et al. (1968), Smith (1 978), and Baxter and Stone (1985). Cope 
( 1889) also provided additional illustrations of some aspects of 
adult external and oral morphology, and Baxter and Stone (1985) 

A'- .. 
Figure 4. Views of oral discs of predominately herbivorous (left) a ind pretlominately predaceous, carnivorous (right) larval morpho- 
logical types of Scaphiopus inferrnor~tanus that depict differences in jaw morphology. The carnivorous morphological type is from 
Ada County, Idaho (photograph by John H. Larsen, Jr.). 



illustrated the area of the glandular boss between the eyes. II- 
lustrations of adult S. intermontanus skulls are provided in Tan- 
ner (1939). Stebbins ( I95 I), Zweifel ( 1956), Tanner (1989a, b), 
and Hall (1993). A black and white photograph of the digging 
spade is provided in Nussbaum et al. (1983). Black and white 
photographs of adult skulls are provided in Tanner (1939), 
Northen (1 970; in my copy these photographs were of poor qual- 
ity), andTanner (1989b). McAlister (1959) provided a diagram- 
matic illustration of the larynx. Estes (1970) provided illustra- 
tions of two bones of the adult skull. Jurgens (1971) provided 
illustrations of whole-mounts and serial sections of the adult 
nasal region. Hall (1993) provided illustrations of skeletal on- 
togeny and scanning electron micrographs of individual adult 
skeletal features. Leonard et al. (1993) and Corkran and Thoms 
(1996) provided color photographs of the digging spade. 

Stebbins (1951). Fichter and Linder (1964), and Hall (1993) 
provided illustrations of larval S. intermontanus. Stebbins's il- 
lustrations are labeled as S. hammondii; however, the locality 
information provided (i.e., near Vernal, Uintah County, Utah) 
places the reference specimen within the range of S. inrer- 
montanus and just outside the known range of what is now iden- 
tified as S. multiplicatus (previously S. hammondii). These par- 
ticular illustrations seem to have been used again in subsequent 
works by Stebbins (e.g., Stebbins 1985); however, they remained 
labeled as S. hammondii. Illustrations of larval mouthparts can 
be found in Stebbins (1951), Turner (1952), and Hall (1993). 
Arnold and Wassersug (1978) provided photographs of meta- 
morphic and post-metamorphic aggregations. ~llustrations of 
S. intermontanus developmental stage boundary characteristics, 
hindlimb ontogeny, and development of accessory structures of 
the eye can be found in Hall (1993) and Hall et al. (1997). These 
latter two citations also contain scanning electron micrographs 
of larvae at different stages of development with the emphasis 
on opercular and mouthpart development. Hall (1993) provided 
scanning electron micrographs of larval labial teeth (also see 
Altig and Pace 1974) and a larval neuromast organ, as well as 
an illustration of the larval lateral line system. Corkran and 
Thoms (1996) provided an illustration of an egg mass and color 
photographs of egg masses, different stage larvae, an otherwise 
transformed individual with a significant portion of its tail still 
remaining, and a juvenile. 

Distribution. Scaphiopus intermonranus ranges from south- 
central British Columbia, Canada south into the United States 
through most of eastern Washington and Oregon (except the 
northeast portion of Washington and the upper mesic slopes of 
the Blue Mountains region of both states), California east of the 
Sierra Nevadas and north of San Bernardino County, and Ne- 
vada (except for the extreme southern tip) and east to southern 
Idaho (and a small portion farther north within Nez Perce 
County), Utah northwest of the Colorado River (but minus a 
northeast portion of the state), Arizona north of the Colorado 
River, northwestern Colorado, and southwestern Wyoming. 
Information on ecological amplitudes is provided in Pertinent 
Literature. 

Locality records are presented in two ways. First, citations 
are identified that provide records from more than one state. 
Second. citations are identified that provide records or a de- 
scription of distribution for an individual state or province. 

Regional locality records, either as symbols on a map, writ- 
ten descriptions, or both, are provided in Cope (1 883: Nevada 
and Utah. 1889: Idaho. Utah. and Washington; the Idaho record 
is identified as S. bomhifrons), Slevin (1928: California, Idaho, 
Nevada, Oregon. Utah, and Washington; some of these records 
are confounded with the records for other species of Scaphiopi~s, 
but most apply to S. intermontunrrs), Storer (1925: California, 
Nevada, Oregon, and Washington; mixed with records of S. 

hammondii), Wood (1935: Arizona and Utah), Tanner (1939: 
Arizona, Idaho, Nevada, Utah, and Washington), Blair (1955: 
Arizona, Nevada, and Utah), Chrapliwy (1956: Arizona, Cali- 
fornia, Idaho, Nevada, Oregon, Utah, and Wyoming), Northen 
(1970: Idaho, Oregon, Utah, Washington, and Wyoming), 
Nussbaum et al. (1983: British Columbia, Oregon, and Wash- 
ington), Papenfuss (1986: California and Nevada), Tanner 
(1989b: Arizona, California, Idaho, and Utah), and Macey and 
Papenfuss (1  99 1 a: California and Nevada). Tanner (1 989b) also 
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Figure 5. Audiospectrogram and oscillograms of the mating 
(advertisement) call of Scaphiopus intermontanus: Yakima 
County, Washington, 22 June 1995 at 2230, at an air tempera- 
ture of 19°C and a water temperature of 21°C (recording by 
J.A. Hall). The individual called from near the shoreline with 
the lower portion of its body in the water and the rest exposed to 
air. The call was recorded in monophonic at a tape speed of 19 
cmlsec with an Uher 4200 Report Stereo IC and Uher M517 
remote control microphone. The call was analyzed with a Kay 
DSP Sona-Graph Model 5500. The audiospectrograni is based 
on a band width setting of 29 Hz. The expanded oscillogram 
(top) shows the fine temporal details of the call to the left. Domi- 
nant frequencies occur at about 1.4 and 1.5 kHz. Although the 
frequency traces shown here seem to be somewhat irregular, 
with no consistent up or down time-associated pattern, addi- 
tional sound analysis at a band width of 15 Hz suggests that the 
frequency at the end of a call may be slightly lower than that at 
the beginning. Harmonics are spaced at about 0.1 kHz inter- 
vals. Faint harmonics (not captured during preparation of this 
figure) are present at 1.8 and 1.9 kHz with yet fainter harmonics 
present through 2.3 kHz. Call duration is about 0.25 sec with a 
pulse rate of about 90 pulseslsec (22-23 pulses per call). 
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included records from Linn County, Oregon; however, the loca- 
tion is questionable as this would be the only recorded occur- 
rence of S. intermontan~is from the west side of the Cascade 
Mountains. Hovingh et al. (1985: Arizona, Idaho, Nevada, Or- - 
egon, Utah, Washington, and Wyoming) also provided regional 
distribution information as part of an examination of geographic 
size variation in S. interrnontanus; however, other than for Utah, 
the locality information is accurate only at the level of the state 
or a major geographic or political subdivision therein. 

Citations that provide locality records or a description of dis- 
tribution within individual states or British Columbia are as fol- 
lows: Arizona, McKee and Bogert (1934). Durham ( 1956), and 
Lowe ( 1964); British Columbia, Cope (1 893), Patch (1 929), 
Logier (1932), Carl (1942,1943), Mills (1948), Logier and Toner 
(1955, 1961), Froom (1982), Cook (1984), Green and Campbell 
(1984), and Harestad (1985b); California, Stejneger ( 1893), 
Grinnell and Camp (1917; some of the records are for S. ham- 
mondii), Grinnell and Storer (1 924). Stebbins (1972). and Zeiner 
et al. (1988; including reports of S. intermontanus up to about 
2700 m in the Bodie Hills, Mono County, California); and Colo- 
rado, Cary (I91 I), Maslin (1959), McCoy (1962~1, b), Smith et 
al. (1965), and Hammerson (1982a, b, 1991). The identity of 
Cary's (191 1) record (originally identified as a record for S. 
hammondii) was considered uncertain by McCoy (1 962a), but 
later assumed to be S. intermontanus by Smith et al. (1965) on 
the basis of nearby records. The records for S. intermontanus in 
Maslin (1959) are identified as a record for S. hanlmondii 
(Garfield County) and a record for Bufo woodhousii woodhousii 
(see below). McCoy (1962b) reported that S. intermontanus 
occurred at intermediate altitudes and not on the valley floor of 
the Grand Valley of Colorado. Hammerson ( 1982a) reported S. 
intermontanus is present no higher than about 2150 m in Colo- 
rado. Records for additional states include: Idaho, Cope (1879), 
Van Denburgh and Slevin (1921 b), Slater (1941),Tanner (l941), 
Evenden ( 1946), Linder and Sehman (1977). Sehman and Linder 
(1978), Reynolds et al. (1986). and Llewellyn (1997); Nevada, 
Taylor (1912). Ruthven and Gaige (1915), Snyder (l920), Van 
Denburgh and Slevin (1921a). Linsdale (1940). and La Rivers 
(1942). Linsdale ( 1940) reported occurrences from an altitudi- 
nal range of about 500-2300 m, with most localities between 
120CL1850 m on the floors of major valleys. Records for Or- 
egon are in Gordon (1 939). Graf et al. (1 939). and Nauman et 
al. ( 1996). Leonard et al. ( 1993) reported S. intermor~tanus can 
be found at elevations up to about I500 m near Hart Mountain. 
For Utah, see Yarrow (1875, 1882), Van Denburgh and Slevin 
(1915), Englehardt (191 8). Tanner (1927a. b, 1930, 1931), 
Cowles and Bogert (1936). Hardy ( 1938). Tanner (1940, 1958). 
Woodbury (1952). and Hovinph et al. (1985). Yarrow's (1875, 
1882) Utah records were originally identified as either Spea 
sta,qnalis, Scaphioprrs variu.7 voriirs, or S. cortchii. The Tanner 
(I927b. 1931) citations include a record from San Juan County 
probably referable today to S. multiplicatus. Blair (1955) re- 
ported occurrences from an altitudinal range of about 750-2600 
m. For Washington. see Svihla and Svihla ( 1  933). Slater (1955. 
1964), Metter ( 1960). Fitzner and Gray (1 991), Hallock ( 1995). 
and McAllister (1995). Two unpublished records have been 
recorded for Stevens County near the Columbia and Kettle Riv- 
ers, respectively (W.P. Leonard, pers. comm.) In Washington, 
S. intermontanus has been collected at elevations that range from 
about 200 m (Hall et al. 1997) to just over 1200 In (Metter 1960). 
For Wyoming, see Baxter (1947a, b) and Baxter and Stone 
(1985). Although the range of S. intermontanus crosses to the 
east side of the Continental Divide in central Wyoming. in Wyo- 
ming it is found mostly west of the Continental Divide and be- 
low about 1850 m (Baxter and Stone 1985). 

Distribution maps that depict historic views of all or a major 
portion of the range of S. inrermorrtcrnus are provided in Tanner 

(1939). Wright and Wright (1949), Stebbins (1951, 1954, 1966, 
1985), Turner (1952), Chrapliwy (1956), Zweifel (1956), 
Peabody and Savage ( 1958). Bragg ( 1965), Brown ( 1967,1976), 
Northen (1970), Smith (1978), Behler and King (1979), and 
MacMahon (1985). The maps of Chrapliwy (1956) and Northen 
(1970) also include locality records. Citations that contain a 
word description of the range of S. interrnontanus, but do not 
otherwise contain a distribution map, include Wright and Wright 
(1942), Stejneger and Barbour (1943). Schmidt (1953), Slater 
(1955), Bragg (1961, 1967). Blair et al. (1968). Cochran and 
Goin (1970), Pickwell (1972), Baxter and Stone (1985), Frost 
( 1985). and Tanner (1 989b). 

Several published locality records associated with S. inter- 
montanus and more recent interpretations of these records de- 
serve comment. First, Hammerson (1982b) proposed correc- 
tions to two published records for western Colorado based on 
examination of the original specimens: one correction changed 
a record for Bufo woodhousii woodhousii in Moffat County 
(Maslin 1959) to S. intermontanus and a second changed a record 
for S. interrnontanu.~ in San Miguel County (Secoy and Brown 
1968) to S. multiplicatus. 

Second, uncertainty exists about Scaphiopus distribution in 
general in the four corners region of Arizona, Colorado, New 
Mexico, and Utah and specifically whether the range of S. 
intermontanirs extends southeast of the Colorado River. Tanner 
(1939) included a specimen from San Juan County, Utah (south- 
east of the Colorado River) in his list of specimens studied for 
S. interrnontanus. Lowe ( 1964) proposed that S. intermontanus 
can be found in the northern portions of Navajo and Apache 
Counties in Arizona, but provided no specific records; however, 
Chrapliwy (1956) reported examining a specimen of S. 
intermontanus originally collected in Navajo County and ob- 
tained from the private collection of F.A. Shannon. Gehlbach 
(1965) reported the occurrence of S. intermontanus from near 
El Morro National Monument in Valencia County, New Mexico. 
Two individuals were so identified based on skull characteris- 
tics. Based on Gehlbach's findings, Brown (1967, 1976) ex- 
tended the range of S. intermontanris into northwestern New 
Mexico. McCoy (1962a) used skull characteristics to identify 
two specimens southeast of the Colorado River in Mesa County, 
Colorado as S. intermontanus. Some current museum records 
examined during preparation of this account contain locality 
records for S. intermontanus from San Juan County, Utah and 
Apache County, Arizona. Northen (I 970) conducted an exten- 
sive search of the four corners region and found no evidence of 
S. intermontonus southeast of the Colorado River during the 
period of summer rains. Moreover, on two occasions when he 
failed to find S. intermontanus southeast of the river, Northen 
found the species actively breeding northwest of the river. 
Northen also examined the S. interrnontanus specimen depos- 
ited by Gehlbach (1965) at Cornell University and concluded it 
was a female S. hornhifrons. Northen did not cite Chrapliwy's 
(1956) thesis and, although he cited both Tanner (1939) and 
McCoy (1962a), he did not comment on their distribution 
records. Tanner ( 1989b) (lid note Tanner's (1 939) San Juan 
record and based on his own examination of specimens on both 
sides of the Colorado River concluded S. intermontanus is likely 
not present southeast of the river in Utah. The most parsimoni- 
ous conclusion that can be drawn from the preceding observa- 
tions is that, pending other evidence to the contrary, S. inter- 
montan~rs does not at present range southeast of the Colorado 
River in Arizona and Utah. does not occur in New Mexico, and 
is present in western Colorado mostly northwest of the river but 
also to a small geographic extent southeast of the river. 

Third, specimens from southern Idaho have at times been 
assigned to S. bornhifrons (Cope 1879, 1889; Slater 1941). 
Cope's original description is from his 1879 manuscript and is 



based on larvae in the process of transformation. He gave no 
indication that specimens were collected. Cope did not describe 
S. intermontanus until later (Cope 1883). Tanner (1939) and 
Tanner (1941) identified the specimens from this area as S. 
intermorltanus, which is the present interpretation. Unfortu- 
nately, the reports of Tanner ( 1939) and Tanner ( 194 1) also cre- 
ated a fourth distribution problem. They suggested in part that 
the range of S. hammotldii extended to northeastern Washing- 
ton andfrom there through northern Idaho into western  on- 
tana. No Scuphiopus of any species is documented in northern 
Idaho, all Washington Scaphiopus are now considered S. inter- 
montanus, and similarly all Montana Scaphiopus are referrable 
to S. bombfins (Stebbins 1985). Fifth, Peabody and Savage 
(1958) suggested that S. intermonran~ts was expanding its range 
into California's San Joaquin Valley via Walker Pass (also see 
Brown 1967). This has not been confirmed by collection records. 

Fossil Record. Fossil S. intermontanus, or material that is at 
least comparable to the recent form, has been recorded from 
three locales in Nevada and one in Utah (see reviews in Mead 
and Bell 1994, Holman 1995) and two locales in Idaho (see 
stars on map). Mead et al. ( 1982) identified S. cf. intermontanus 
limb bones in cave sediments from Smith Creek Cave in White 
Pine County near the Utah border; however, identity was deter- 
mined without the aid of comparative material from recent S. 
intermontanus. The sediments were of late Wisconsinan age or 
older. Brattstrom (1976) had earlier recorded, in sediments of 
unknown age from the same cave, the presence of a parasphenoid 
he attributed to S. cf. hatnmondii. Because this location is out- 
side the known range of other members of the genus and 
Brattstrom stated all identified species are found in the area of 
the cave today, the bone probably is actually referable to S. 
intermontanus. From sediments as old as 7100 yr (i.e., Ho- 
locene deposits) from the Gatecliff Rock Shelter in the Monitor 
Valley of central Nevada (Mead and Bell 1994), Mead et al. 
( 1983) identified over 70 axial and appendicular skeletal bones 
and one maxilla of S. cf. intermontanus. At a second cave loca- 
tion in western Nevada, Hidden Cave near Fallon, Mead (1985) 
identified one S. cf. intermontanus bone in late Wisconsinan 
sediments (and nine other bones, all postcranial, in Holocene 
deposits). Mead and Bell (1994) reported the presence of S. 
intermontanus fossil material in late Wisconsinan deposits from 
Bechan Cave in southcentral Utah. Steadman et al. (1994) iden- 
tified fossil S. intermontan~cs sphenethmoids and limb bones in 
late Wisconsinan and Holocene cave sediments from Rattlesnake 
Cave, Idaho National Engineering Laboratory, Bingham County, 
Idaho. These authorities also assigned some of the material found 
in the cave to S. bombifrons. Their findings imply the two spe- 
cies co-occurred at this location prior to about 3000 yr ago. 
Murray (1992) assigned a fossil cervical vertebra found in late 
Holocene cave sediments from Dinosaur Cave, Elmore County, 
Idaho to S. cf. intermontanus. Finally, Van Devenderet al. (1991) 
hypothesized that some of the anuran material collected from 
late Wisconsinan sediments at Daggett, San Bernardino County, 
California could be assigned to S. intermontanus (see question 
mark on map). The location is outside the current known range 
of all Scaphiopus species, but could have been occupied during 
a glacial period when conditions were more mesic. 

Pertinent Literature. Few comprehensive works address in 
any detail the biology of S. intermontanus. Two dissertations 
have been dedicated to the biology of S. intermontanus: Northen 
(1970) and Hall (1993). Northen's contribution has remained 
unpublished, whereas that of Hall's has been published in part 
as Hall et al. (1995, 1997). Blair (1956). Hovingh et al. (1985), 
and Brown (1989) are three other substantive publications that 
concentrate solely on the biology of S. intermontanus. A publi- 

cation such as Bragg (1965). though useful as a comprehensive 
work on Scaphiop~t.~ biology in general. provides little informa- 
tion specific to S. intermonranus. The preceding citations and 
others are annotated below by grouping citations according to a 
particular aspect of the biology of S. intermontanus. 

Habitat Associations.- As part of a larger study of terres- 
trial vertebrate habitat associations in southeastern Washington, 
Dice ( 1916) identified S. intermontanus as a species character- 
istic of the Columbia Basin sagebrush (Artemisin IriciPntata) 
fauna. Within this vegetation type, Dice identified S. inter- 
montanus as having a major association with sagebrush habitat 
(i.e., habitat within which it occurs most abundantly) and a mi- 
nor association with water-margin habitat. Bernard and Brown 
( 1977) described S. ir~termonmnus as an inhabitant of sagebrush 
flats, plains grassland, and pinyon-juniper woodland; however, 
in Arizona and Utah, habitat occupancy also extended upward 
in elevation into the spruce-fir forest. Zweifel (1956) and 
Stebbins (1985) provided similar descriptions minus the plains 
grassland; Stebbins included semi-desert shrublands as an oc- 
cupied habitat. Bernard and Brown (1977) also identified the 
distribution of S. intermontanus as it related to physiographic 
regions (also see Corkran and Thoms 1996) and Kiichler's ( 1975) 
potential natural vegetation associations for the western United 
States. The preceding citations identified S. intermontanlrs habi- 
tat associations as they relate generally to the Great Basin and 
Columbia Basin: Stewart (1994) described similar associations 
as they related to the occurrence ofS. intc~rmontanus at the fringes 
of the Mojave Desert. Macey and Papenfuss (1991 b) described 
habitat associations of this species in the White-Inyo mountains 
region of California and Nevada. Some authors have described 
S. itrtermontanus habitat associations by use of the life zone 
concept (Grinnell and Storer 1924, Tanner 193 1, Slater 1955). 
Zweifel (1956) suggested that rather than a direct adaptation to 
particular vegetation types. S. intet-monranus responds in the 
same way as vegetation to similar climate and soil conditions. 

Activity Periods.-Linsdale (1938) and Metter (1960) ob- 
sewed juvenile toadlets foraging during daylight hours; how- 
ever, Linsdale reported that most individuals used any available 
crevice or depression to burrow out of site by early morning. 
Svihla (1953) also reported that S. intermontanus burrows into 
sand or hides under rocks during the day. Scaphiopus inter- 
montanrrs emerges to forage on rainy nights and also may for- 
age on rainless nights when the humidity is high enough tocause 
dew (Nussbaum et al. 1983, Preston and Hatch 1986). Fichter 
and Linder (1964) and Green and Campbell (1984) provided 
general descriptions of the activity periods of adults. Linsdale 
(1940) reported extreme sighting dates of 28 March and 2 Oc- 
tober for adults in Clark County, Nevada. 

Food atzd Feeding Behavior.-Adult S. intermontanus may 
eat ants, beetles, grasshoppers, crickets, and flies (Nussbaum et 
al. 1983). Based on five adult specimens from Utah, Tanner 
(1931) provided the only published stomach contents analysis. 
These data were later summarized by Whitaker et al. (1977). 
Larvae are capable of eating both plant and animal food 
(Nussbaum et al. 1983, Green and Campbell 1984, Hall et al. 
1995). Linsdale (1938) observed larvae feeding at the surface 
film of water and on the carcasses of conspecifics. Wood (1935) 
observed larvae seemingly feeding on vegetable matter either 
contained within or growing on cattle dung. Cope (1889) re- 
ported individuals in the midst of metamorphosis - still with 
complete tails and small gape, but capable of hopping - feed- 
ing on grasshoppers. Although Cope identified these individu- 
als as S. bornbifrons, based on current locality information they 
probably were S. intermontanus. Trowbridge (1942) repeated 
the sightings of the last three authors. 

Predation.-Wright and Wright (1949) reported S. inter- 
montanus remains in the dung of coyotes (Canis latrans). Both 



Gleason and Craig (1979) and Green et al. (1 993) reported pre- 
dation on S. intermontanus adults by burrowing owls (Athene 
cunicularia), though Green et al. concluded the toads were killed 
but not eaten by the owls. Green and Campbell (1984) stated 
the skin secretions of adults are potent and bad tasting, which 
supports Nussbaum et al. (1983) suggestion the secretions prob- 
ably repulse predators. Harestad (l985a) observed American 
crows (Corvus brachyrhynchos) predating S. intermontanus lar- 
vae, and Wood (1935) found larvae in the stomachs of garter 
snakes (Thamnophis elegans vagrans). 

Longevity.-No published information is available for lon- 
gevity in S. intermontanlrs either under natural conditions or in 
captivity. I personally have kept a mature male (i.e., at least 
two or three years old when captured) for four years in captiv- 
ity. Without referring to specific observations, Northen (1970) 
stated that adult Scaphiopus may live to be 8-10 years of age. 

Reproductive Behavior.-Linsdale (1938) was the first to 
describe that breeding activity in S. intermontanus can occur 
independent of rainfall. Subsequent investigators either con- 
firmed independently this observation with additional data 
(Stebbins 1951, Zweifel 1956, Northen 1970, Blair 1976, 
Hovingh et al. 1985) or repeated the observations of others 
(Bragg 1945, 1961, 1965; Brown 1976). Zweifel(1956) postu- 
lated that S. interrnontanus may be adaptively shifting its breed- 
ing behavior to one more suited to a region where summer rains 
are most uncertain. Hovingh et al. (1985) suggested that rain- 
fall may trigger emergence from hibernation; however, breed- 
ing is delayed because individuals must first travel to scarce 
water resources (in some cases over 15 km). Contrary to 
Scaphiopus species in the southwest United States that breed in 
response to summer rains, Van Devender et al. ( 199 1 ) suggested 
that, within the Great Basin, S. interrnontanus must breed in 
response to a winter-spring rainfall climate. 

Scaphiopus intermontanus breeds in a variety of temporary 
and permanent waters that include rain pools, roadside and irri- 
gation ditches, flooded fields, intermittent and permanent desert 
springs, the edges and pools of intermittent and permanent 
streams, and pond and reservoir edges (Englehardt 19 18, Logier 
1932, Wood 1935, Hardy 1938, Linsdale 1938, Wright and 
Wright 1949, Woodbury 1952, Blair 1955, Fichter and Linder 
1964, Northen 1970, Nussbaum et al. 1983). Hovingh et al. 
(1985) characterized S. interrnontanus breeding habitat in the 
Bonneville Basin of Utah. Breeding sites were in temporary or 
permanent springs and human-made reservoirs, were generally 
at elevations less than 1600 m, possessed a water chemistry of 
pH 7.2-10.4 and total dissolved solids 170-4800 mgL, and 
generally lacked aquatic vegetation. 

Bragg (1 945) inferred from statements made by Tanner (1939) 
that S. interrnontanus may be indiscriminate as to the depth of 
water in which it will breed; however, male S. intermontanus 
do not swim nor generally float in open water while calling 
(Northen 1970). Instead, they call near shore with the body 
partially submerged in water (Fouquette 1980). either while 
partially floating and holding on to objects or while sitting in 
shallow water (Stebbins 195 I, Northen 1970). Northen (1970) 
observed geographic variation in calling behavior. Addition- 
ally, males may call during daylight hours (Linsdale 1938, 
Northen 1970) and they may call and breed without the forma- 
tion of large breeding choruses (Stebbins 195 l ,  Blair 1956; but 
also see Green and Campbell 1984). Males develop keratinized 
nuptial excrescence on the inner sides of the first three fingers 
during the breeding season (Nussbaum et al. 1983). Amplexus 
is inguinal (Carl 1942, Nussbaum et al. 1983, Green and 
Campbell 1984). These latter traits are possibly the basis for 
Tanner's (1939) report that males are difficult to dislodge once 
clasped to a female during amplexus. Northen (1970) provided 
evidence that female S. intermontanus respond preferentially to 

the mating call of their own species versus the mating call of S. 
multiplicatus. Breeding may take place anywhere from April 
through July depending on local conditions (Wright and Wright 
1949). 

Eggs are deposited in small packets of about 10-40 eggs that 
are attached to either submerged vegetation, floating sticks, up- 
per surfaces of small rocks, or on a muddy bottom (Englehardt 
1918, Snyder 1920, Fichter and Linder 1964, Nussbaum et al. 
1983, Stebbins 1985, Leonard et al. 1993). Egg masses have 
been described as short strings (Englehardt 191 8), not as strings 
but as a flat sheet one layer deep (Snyder 1920), and as grape- 
to plum-sized clusters (Corkran and Thoms 1996). Livezey and 
Wright (1947) did not include S. intermontanus in their key to 
anuran eggs of the United States; however, they did repeat the 
observations of Snyder (1920). Booth (1942) described theeggs 
as containing two jelly envelopes and appearing greenish olive. 
The number of eggs deposited in a packet and the type and avail- 
ability of substratum deposited on probably determine the shape 
of the egg mass. Females deposit multiple clusters as total egg 
complement may equal 300-500 (Fichter and Linder 1964, 
Nussbaum et al. 1983, Stebbins 1985) or even approach 800 
eggs (Leonard et al. 1993). Females also may deposit clusters 
communally (Snyder 1920). 

Development.-Neither detailed individual egg morphology 
nor embryonic development has been described in S. inter- 
montanus. Logier (1932), Durham (1956), Harestad (1985a) 
and Hovingh et al. (1985) provided field observations on mea- 
sures of larval growth and size at metamorphosis in S. inter- 
moritanus. Durham (1956) also correlated some of his mea- 
surements with descriptions of morphological changes. Obser- 
vations reported by Wood (1935) imply that larvae in the field 
may be capable of emerging from the water within about two 
weeks after egg fertilization. Brown (1989) monitored the de- 
velopment and growth of laboratory-raised larvae. He provided 
growth data and correlated changes in morphology with peri- 
ods of development. Hall (1993) and Hall et al. (1997) pro- 
vided a detailed description of ontogeny in S. interrnontanus 
from the just-hatched larva through the adult using individuals 
raised under controlled laboratory conditions. At 25"C, hatch- 
ing occurred within two days, metamorphic climax began after 
about 19 additional days, and climax lasted at least 12 more 
days. Temporal differentiation of external characters was used 
to construct a boundary-delineated staging table for the species. 
Growth data and data on the effects of rearing temperature and 
geographic origin on larval, labial tooth-row formula variation 
also were provided. Some aspects of S. intermontanus ontog- 
eny were found to be unique, at least when compared with pub- 
lished accounts for other anurans (e.g., opercular development). 
Changes in rearing conditions affected the rate and relative tim- 
ing of certain developmental events in S. intermontanus. Hall 
(1993) also described the accompanying ontogentic changes in 
skeletal develo~ment in S. intermontanus. 

Intraspecific larval growth inhibition via an alga cell may 
occur in S. intermontanus (Rose and Rose 1961). Kluge and 
Farris (1969) described vertebral development and also sug- 
gested the absence of ribs may result from a developmental rib- 
diapophysis fusion. Individuals are thought to reach sexual 
maturity in two to three years (Nussbaum et al. 1983, Green and 
Campbell 1984). Several observations have been made in re- 
gard to S. interrnontanus metamorphs leaving the water, and in 
some instances beginning to feed, while still retaining a signifi- 
cant portion of their tail (Cope 1889, Ruthven and Gaige 1915, 
Logier 1932, Wood 1935, Nussbaum et al. 1983, Hall 1993, 
Hall et al. 1997). 

Larval Social Behavior.-Bragg (1946, 1950) described what 
he referred to as incipient or incidental cannibalism in S. inter- 
montanus larvae. Durham (1956). however, was unequivocal 



about the occurrence of cannibalism. Arnold and Wassersug 
(1978) documented aggregational behavior in S. interrnontanus 
larvae, metamorphosing individuals, and post-metamorphs and 
speculated on its significance. Hall et al. (1995) investigated 
discrimination behavior by larval S. intermonranus in labora- 
tory choice tests using kin- and diet-based cues. An association 
preference for kin was not detected; however, larvae did dem- 
onstrate an ability to discriminate certain diet-based cues. 

Physiology.-In a series of studies, Thorson and Svihla (1943) 
and Thorson (1955, 1956) investigated water economy and tol- 
erance to water loss (i.e., dehydration) and their relationship to 
degree of terrestrialism in a number of anurans. Adaptation to 
terrestrialism by S. intermontanus was not achieved by changes 
in skin permeability, but rather by an increased tolerance to de- 
hydration compared with other species; individuals could sur- 
vive up to about a 48% loss of body weight in water loss and a 
61% loss of total body water. The results of these studies have 
been referenced and discussed extensively in the literature, but 
consistently identified as characteristic of S. hammondii, by a 
number of authorities: McClanahan (1967), Mayhew (1968), 
Claussen (1969), Porter (1972), Goin et al. (1978), and Shoe- 
maker et al. (1992). Hillman and Sommerfeldt (1981) also re- 
ported comparative dehydration tolerance results for S. inter- 
rnonranus based on data from Hillman (1980); however, a check 
of this latter reference indicates the results are assignable to S. 
couchii and not to S. intermonmnus. Hillman and Sommerfeldt 
(1981) did use S. interrnontanus individuals in a comparative 
study of systemic blood flow distribution during dehydration, 
hypovolemia, and salt load. Blood flow increased proportion- 
ately to the head during both dehydration and hypovolemia; 
however, the magnitude of the redistribution did not correlate 
with a species' tolerance to dehydration. 

Linsdale (1938) reported an ability of adult S. interinonranus 
to change their ground color. Jasinski and Gorbman (1967) 
described the relationship of hypothalmic neurosecretion to dif- 
ferent environmental conditions in specimens that included S. 
intermontanus individuals. Clark et al. (1969) tested individu- 
als of S. intermontanus for the presence of blood parasites with 
negative results. Jaeger and Hailman (1973) and Hailman and 
Jaeger (1974) surveyed adult anuran phototactic responses to 
white light intensity and spectrally dominant stimuli, respec- 
tively. They found S. intermontanus to be monotonically photo- 
positive for the range of intensities presented and to demon- 
strate a blue-mode response in spectral dominance preference 
tests. As part of comparative survey of oildroplets in the eyes 
of adult anuran amphibians, Hailman (1976) found that S. inter- 
tnontanus lacked retinal oildroplets but possessed yellow epi- 
thelial oildroplets. Oil droplets may function in chemical stor- 
age and may have taxonomic significance, but their presence 
does not correlate with a particular phototactic behavior. 
Dimmitt and Ruibal(1980) provided empirical data for adult S. 
intrrmontanrrs on gross assimilation efficiency, voluntary food 
intake rate, and gross conversion efficiency. The results, when 
compared with those for S. coucliii and S. rnrrltiplicatus and 
viewed in the context of other ecological data, prompted these 
authorities to speculate that, because it inhabits supposedly less 
arid regions, S. irttermontai~rrs has a longer activity period and 
hence less of a need to store energy quickly. Hillman (1982) 
found a linear correlation between exercise heart rate and maxi- 
mal oxygen consumption rate in S. intermontanu.~, which was 
consistent with the hypothesis that blood oxygen transport is 
the limiting process for maximal oxygen consumption rates in 
anuran amphibians. Morey and Janes (1994) reported other- 
wise unpublished data that over a wide range of body sizes. S. 
intern~ontanrrs metamorphs lose far more than 50% of their to- 
tal dry mass and stored body fat to complete metamorphosis. 

Morphology.-Kluge (1966) described selective features of 

the adult skeleton of S. intermontan~rs. Estes (1970) described 
the morphology of a few of the individual bones of the adult 
skull. Jurgens (1971) described the morphology of the adult 
nasal region. Rocek ( 198 1 ) described the condition of the adult 
nasal bones based on a figure in Zweifel (1956). As part of a 
study on the phylogeny of primitive frogs (archaeobatrachians), 
Cannatella (1985) coded the condition of 181 different mor- 
phological characters in S. intermontanus. Van Devender et al. 
(1991) described characteristics of the radioulna and a presac- 
ral vertebra. Hall ( 1993) provided comprehensive descriptions 
of both the larval and adult skeletal morphology. Steadman et 
al. (1994) described features of the sphenethmoid and ilium. 
Hall (1993) and Hall et al. (1997) described features of the ex- 
ternal morphology and skin histology of metamorphosing and 
adult individuals. Some variations in the morphology of the 
adult axial skeleton are described by Ritland (1955), Kluge 
(1966), and Hall (1993). Various authorities have commented 
on the morphology of the frontoparietal bones, in particular their 
dorsal elevation (i.e., boss) and the presence, absence, or geo- 
graphic variation of an associated frontoparietal fontanelle, ei- 
ther by referring to original observations (Cope 1889, Tanner 
1939, Zweifel 1956, Kluge 1966, Northen 1970, Tanner 1989b. 
Hall 1993), referring to the observations of others (Tanner 
1989a), or without referring to any data (Firschein 1950). 

The frontoparietal characteristics also have been used in a 
comparative sense, and often with differing results, to interpret 
the phyletic position of S. interrnontanus in relation to other 
species within the subgenus Spea (Tanner 1939, Chrapliwy 1956, 
Zweifel 1956, Kluge 1966, Northen 1970). Bragg (1945) modi- 
fied Tanner's (1939) interpretation based on his own assess- 
ment of the contribution of larval morphology toward discern- 
ing relationships within Spea; however, he was not yet aware 
that morphological variability among Spea larvae confounded 
accurate species identification (see below). Estes (1970) also 
provided a phylogeny, but did not indicate its basis. 

McAlister (1959) described the vocal structures in male S. 
intermontanus. As part of a larger comparative study, Dunlap 
(1960) described the myology of the pelvic area and hindlimb 
in three specimens he identified as S. hammondii (Dunlap fol- 
lowed the check list of Schmidt [I9531 who did not recognize 
S. intermontan~rs as a full species); however, at least one of these 
specimens was collected in Ritzville, Washington (D.G. Dunlap, 
pers. comm.). This would make this particular specimen S. 
intermonranus. Probably the other Scaphiopus specimens also 
were collected in Washington, and are S. interrnontanus, as 
Dunlap conducted his work in Pullman, Washington, and used 
local specimens when available (Dunlap 1960). 

Wood ( 1935) described albino S. intermontonus larvae he 
encountered in the wild. As part of a taxonomic key, Altig (1970) - 
provided some information on larval morphology; however, the 
description included S. hammonrlii as well. Altig and Pace ( 1974) 
provided measurement data for larval labial teeth. Altig and 
Johnston (1986) characterized a number of larval morphologi- 
cal (and a single ecological) traits. Hall (1993) described the 
ecomorphology of late-stage larvae including mouthpart com- 
ponents. Morphological variability. especially as it relates to 
larval structures associated with feeding, has been documented 
in S. interrnontanus (Tanner 1939. Turner 1952. Acker and 
Larsen 1979) and its occurrence cited by Orton (1954). Pfennig 
(1990, 1992), Pfennig et al. (1993), and Blaustein and Walls 
(1995). The underlying developmental mechanisms that lead 
to these divergent morphologies remain to be determined. 

Genetics.-Sage et al. (1982) found no difference in the al- 
buniins of S. intei7nontanus from Mono County, California and 
S. hanzrnorrdii from the border of Alameda and San Joaquin 
Counties, California. Wiens andTitus ( 199 1) provided allozyme 
data on 21 electrophoretic loci in S. internzonmnus. Based on 



these allozyme data and a single morphological character, Wiens 
and Titus placed S. intermontunus as the sister taxon of S. bornbi- 
frons and as a more derived taxon than both S. multiplicatus and 
S. hammondii; however, their results also raised the possibility 
that S. intermontanus is itself a paraphyletic taxon (see Com- 
ment). An individual S. intermontanus from Mesa County, Colo- 
rado shared more alleles with S. bombifrons than it did with 
three individuals of S. interrnontan~~s from Deschutes County, 
Oregon. Wiens and Titus (1991) also confirmed that S. inter- 
montanirs contains a duplication of the S-Icdh-A locus, which 
had been previously detected in other species of the subgenus 
Spea (Sattler and Mecham 1979) and which Wiens and Titus 
considered to be a synapomorphy of Spea (but see Simovich 
and Sassaman 1986, for a criticism of the gene duplication hy- 
pothesis). Chromosome morphology and number have not been 
determined directly for S. intermontanus; however, hybridiza- 
tion studies reported by Brown (1967, 1976), in whichrnterspe- 
cific crosses between S. intermontanus and either S. bornbifrons, 
S. hammondii, or S. rnultiplicatus all demonstrate a high degree 
of genetic compatibility, suggest that S. intermontanus contains 
a similar complement of chromosomes to what has been identi- 
fied in these species: 26 diploid chromosomes (Wasserman 
1970). Hybrids between S. intermontanus and S. rnulriplicntus 
are found in nature in eastern Utah where the species are sym- 
patric: however, Northen ( 1970) detected no morphological evi- 
dence of introgression in S. intermontanus. 

Biogeography.-Peabody and Savage (1 958) identified S. 
interrnontarius as an element of the Madro-Tertiary fauna that 
dispersed northward from Mexican centers of origin. Although 
S. intermontnnlcs dispersed to occupy principally the Great Ba- 
sin, these authors thought S. intermontanits was expanding its 
range into California's San Joaquin Valley via Walker Pass. They 
provided no evidence for this conjecture and current collection 
records do not support their hypothesis. Based on fossil evi- 
dence, S. ir~terrnontanus was present during the Pleistocene in 
the more southern parts of the Great Basin. Although Nussbaum 
et al. (1983) hypothesized that desert species. such as S. inter- 
montanus, did not (re)invade their present range within the Pa- 
cific Northwest until after the Pleistocene, fossil finds by 
Steiidrnan et al. (1994) support the interpretation that at least S. 
it~tertnontanus may have been present in the Pacific Northwest 
toward the end of the Pleistocene (see Fossil Record). It also 
may have been present in Mojave Desert refugia during the late 
Pleistocene (Hovingh et al. 1985). Its presence today in a por- 
tion of the Mojave Desert - in the southern Owens Valley of 
California - is due to the surface water connectivity between 
the northern (Great Basin) and southern portions of the valley 
(Macey 1986). Major rivers have been proposed to either have 
posed a barrier to its dispersal (i.e., Colorado River: Tanner 
1989b), at most a partial barrier to its dispersal (i.e.. Colorado 
River: Northen 1970), or no barrier at all (i.e.. Columbia River: 
Storm 1966). 

Conservation Status.-A number of earlier reports corn- 
mented that S. intertnotitanus was widely distributed or, in ap- 
propriate habitat, relatively common (e.g., Grinnell and Storer 
1924. Wood 1935, Blair 1955, Endemic Species Committees 
1982); however. some recent citations have reported popula- 
tion declines or indicated S. ir~termontarl~rs is of local conserva- 
tion concern (Orchard 1992, Corkran and Thoms 1996. Collins 
1996. Drost and Fellers 1996). Drost and Fellers (1996) visited 
the same sites surveyed by Grinnell and Storer (1924) and did 
not detect the presence of S. int~nnonmnrrs. Habitat loss as a 
consequence of land conversion and hydroelectric projects prob- 
ably have impacted populations at least locally (Orchard 1992, 
Leonard et al. 1993): however, irrigation for agriculture 
(Nussbaum et al. 1983) and the development of water resources 
for range management purposes (Hovingh et al. 1985) have at 

the same time created new habitat for S. inrennontanus. At least 
as of 1980, S. intermantanus was not identified as a species of 
conservation concern by United States government resource 
agencies (Bury et al. 1980). 

Nomenclature History. Some of the nomenclatural changes 
indicated in the synonymy deserve comment. Initially, those 
associated with the species status of S. iritermontanus will be 
addressed. The taxon as first described by Cope (1883) was 
accorded full species rank in the genus Scaphiop~u. Garman 
(1884) apparently followed Cope - though his citation of an 
authority for this seems to be in error - and included S. inter- 
montanus in his checklist of North American reptiles and am- 
phibians. Cope (1 889), however, later reduced S. intermontanus 
to a subspecies under Spea hammonrlii. Cope (1 867) had ear- 
liererected the genus sp;a as a sister taxon t o . ~ c a ~ h i o ~ u s .  Cope 
( 1896) later used the combination S ~ e a  ititermoritana: however. 
whether he really intended a taxoiomic change was unclear. 
Whereas in his 1889 manuscript Cope identified three subspe- 
cies of hammondii, he identified only Spea hammondii bornbi- 
frons as a subspecies in the 1896 manuscript; however, he made 
no specific comments about the taxonomic changes. Subse- 
quent taxonomic treatments either placed S. intermontanus into 
synonymy with S. hammondii (Stejneger and Barbour 1917, 
1923, 1933, 1939; Storer 1925: Slevin 1928, 1934; Wright and 
Wright 1933; Linsdale 1940; Logier and Toner 1942), again 
accorded the taxon full species rank either within the genus 
Scaphiopus (Tanner 1939; Stejneger and Barbour 1943; Bragg 
1944, 1945; Blair 1956; Zweifel 1956; McAlister 1959; Gorham 
1963; Wasserman 1964; Kluge 1966; Stebbins 1966, 1985; Blair 
et al. 1968; Cochran and Goin 1970; Estes 1970; Northen 1970; 
Pickwell 1972; Dowling 1975; Collins et al. 1978, 1982; Behler 
and King 1979; Harding 1983; MacMahon 1985) or within the 
genusSpen (Firschein 1950, Chrapliwy 1956, Smith et al. 1965, 
Smith 1978, Nussbaum et al. 1983), or accepted Cope's (1889) 
subspecific designation, but not his erection of a new genus 
(Wright and Wright 1942; Stebbins 1951, 1954; Wright and 
Wright 1949; Schmidt 1953; Bragg 1965). Apparently, 
Dickerson (1906) was the only authority who both accepted 
Cope's (1 889) subspecific designation and his recognition of 
the genus Spea, yet this acknowledgment existed only as a foot- 
note. Others even suggested the possibility, but did not for- 
mally propose, that S. intermonranrrs may be either conspecific 
with (Gehlbach 1965) or may be a subspecies of S. bornbifrons 
(Shannon 1953, Zweifel 1956). The preceding indicates there 
has been little consensus over the years concerning Scaphiopus 
taxonomy; however, subsequent to Bragg's (1965) manuscript, 
and bolstered by Northen's (1970) unpublished yet still sup- 
porting evidence, S. intermonturrlrs has been regarded as a dis- 
tinct species. When the first comprehensive checklist this cen- 
tury of the amphibian species of the world was published (Frost 
1985), itttertnontcrr~us was identified as a species within the ge- 
nus Sccrphiopus (subgenus Spen). Taxonomic classification of 
interrrzontanus seemed to have stabilized: however, subsequent 
to the publishing of the checklist some authorities have pro- 
posed to again elevate Spea to generic rank (see Comment). 

Second. are those nomenclature changes that seem to have 
been made in error and did not represent formal proposals to 
emend epithet spellings. The Stejneger and Barbour (1943). 
Chenoweth (1950), Firschein (1950). and Fitzner and Gray 
(1991) citations seem to fit into this category. 

Remarks. Several bibliographic references (Banta 1965, Altig 
and Christensen 1976). Campbell et al. 1982) are available that 
identify, and in some cases annotate. sources of information 
applicable to S. inter-rnontartus and Scaphiopirs biology in gen- 
eral. Most, but not all. of the applicable references are identi- 



fied in this account; however, Campbell et al. (1982) includes 
several references to Pacific Northwest species checklists and 
keys - some unpublished - that are not included here. 

Etymology. The generic name Scaphiopus is derived from 
two Greek root words that have been transcribed into Latin. 
Scaphi(o) is derived from the word skapheion, "shovel, spade" 
and pirs is derived from the word pous, "foot" (Century 1913). 
Scaphi is the transcribed stem portion of skapheion and "on is a 
connective vowel for joining stems. Scaphiopus can be liter- 
ally translated as "spadefoot." The specific name intermontanus 
is of Latin origin: inter, "between, among" and montanus, "of 
mountains" (Brown 1956). The subspecific name Spea also is 
of Greek origin. It is derived from the word speos, "cave" (Cen- 
tury 1913) plus the feminine Latin ending "a." 

Comment. To maintain consistency, nomenclatural and spe- 
cies status for amphibian taxa other than S. intermonranrts that 
have been referred to in this account are as in Frost (1985). Thus, 
spellings and species status in the text may not reflect how a 
particular taxon was originally identified. 

Scaphiopus intermonfanrrs is arguably the least studied spe- 
cies among the North American spadefoots; however, the com- 
paratively fewer citations that seem to address it is in part a 
consequence of its taxonomic history. For most of the time since 
Cope (1883) first described the species, it either has not been 
accepted universally as a distinct species or its subspecific sta- 
tus has been underemphasized or misidentified. For example, a 
significant portion of the literature that purports to address S. 
hammorldii actually addresses, based on currently accepted spe- 
cies status and distribution, S. in~errnonfanus. In preparing this 
account. every effort was made to use locality information to 
decide whether a finding in the literature related to S. 
infermontanus or to another species of Scaphiopus. Only when 
necessary for clarity have some of these misidentifications been 
specifically identified in the text. A few citations remain am- 
biguous as to which taxa they addressed, either because locality 
information was not provided or the current systematics of 
Scaphiopus was not acknowledged. In some cases, a citation 
was included if indirect evidence could be used to make a rea- 
sonable determination that the citation probably applied to S. 
infermontanus. 

The authority used here to properly place the taxon described 
is Frost (1985). Although some recent citations (e.g.. Collins 
1990) resurrected Cope's (1867) use of the genus Spea and 
restablished the use of the synonym Spea intermontana (but see 
Banks et al. 1987, for a contrary opinion), the proposed change 
is rejected here. Since the publication of Frost (1985). three 
lines of evidence have been proposed as justification for eleva- 
tion of Spea to generic rank. First, Tanner (1989a, b) argued 
that Spea should be recognized as a full genus based primarily 
on skull characteristics that distinguished Spea complex spe- 
cies from other species of Scaphiopirs. The skull features Tan- 
ner used. however, were those that previous authorities, such as 
Kluge (1966) and Zweifel(IY56), had considered when relegat- 
ing Spea to subgeneric status (though Kluge acknowledged this 
was arbitrary on his part). Thus, Tanner did not provide any 
new data to justify a taxonomic change. Second, as part of a 
phylogenetic analysis, Cannatella (1985) identified a number 
of morphological synapomorphies that separately supported the 
monophyly of Spen and the monophyly of the remainder of the 
species of Scaphiopus separate from Spea. Cannatella never 
did publish these findings - though his results were summa- 
rized by Wiens and Titus (1991) - and though he did express 
an opinion that on the basis of the morphological differences 
Spea should be elevated to generic rank. he did so with no strong 
conviction. Third, Wiens and Titus (1991) identified a number 

of potential allozymic synapomorphies that also united Spea, 
but they cautioned that their results should be considered equivo- 
cal because insufficient outgroups were used. They implied a 
preference for recognizing Spea as a genus; however, their open- 
ing paragraph also implies some equivocation on this position. 
Collins (1990) did not provide a published reference to justify 
his use of Spea intennontana. Duellman (1993) represented an 
interim updating of Frost (1985). In Table 1 of his manuscript, 
Duellman seemingly modified Frost by recognizing Spea as a 
genus consisting of four species (with Scaphiopus correspond- 
ingly reduced to consisting of only two species). Although 
Duellman (1993), in his introduction, indicated that changes from 
Frost (1985) would be based on published information and would 
be appropriately indicated, this was not the case for Scaphiopus 
and Spea. Under the subfamily Pelobatinae and genus Scaphi- 
opus all that was added was a comment that discussed the rec- 
ognition of the subgenera Scaphiopus and Spea (Duellman 1993: 
215). No information was provided that indicated recognition 
of Spea as a genus or its basis. 

Although having a taxonomic classification accurately reflect 
the evolutionary relationships of organisms is important, one 
can argue that maintaining a stable taxonomy is just as impor- 
tant. This account provides examples of the confusion created 
in the literature by changes in taxonomy. I consider higher taxo- 
nomic changes that do not reflect a change in relationships as 
ill-advised. Although the choice of using the taxonomic check- 
list of Frost (1985) is itself arbitrary, a starting point is neces- 
sary. Frost (1 985) at least represented an assessment of the find- 
ings of the published literature through June 1984 and also served 
to stabilize Scaphioprrs taxonomy. I reject the elevation of Spea 
to generic rank on the grounds that insufficient justifcation has 
been provided to consider such a change. I offer several lines 
of reasoning. First. as already discussed in part in Hall et al. 
(1997). recent morphological analyses (i.e., Cannatella 1985; 
Tanner 1989~1, b) did not affect the previously recognized phy- 
logenetic relationships of the species in the genus Scaphiop~u. 
As pointed out by Kluge (1966). higher taxonomic categories 
are arbitrary -whether based on morphology or adaptive fea- 
tures (Inger 1958) - and to continue to argue about whether 
Scaphioprrs and Spea should be accorded generic or subgeneric 
rank is without merit. Second, Cannatella ( 1985),Tanner (1989a. 
b), and Wiens and Titus (1991) did not seem to consider Sage et 
al.'s (1982) caution based on albumin data that the subgenus 
Scnphiopus may be a paraphyletic taxon, nor did they recog- 
nize observations by Chrapliwy (1956). Kluge (1966), and 
Estes's (1970) that S. couchii may have morphological affini- 
ties (uncoded by Cannatella 1985) that align it with the Spea 
group (some of Cannatella's synapomorphies for Spea also can 
be questioned). Thus, recognition of even the current subgen- 
era within Scr~phiopirs may be untenable. Third, any formal . . 
proposal to change Scaphiopus taxonomy as a result of a re- 
vised inter~retation of ~hvletic relationshi~s also should address . . 
the effect on included fossil or otherwise related taxa (e.g., see 
Estes 1970:323). In regard to fossil Scaphiopus, both Chrapliwy 
( 1956) and Zweifel(1956) hesitated to assign several fossil spe- 
cies to either species group within Scuphioprrs. Tihen (1960) 
referred a number of these fossil species to Spetr on the basis of 
the degree of post-sacral webbing. Although Kluge (1966) 
adopted Tihen's taxonomy without comment, he also indicated 
that his review of variation in the degree of post-sacral webbing 
in Scr~phiopirs did not enable him to characterize the Scnphioplts 
or Spea groups of species. Fourth. two of the primary sources 
of evidence used for recognizing Sperr as a genus are either un- 
published (i.e., Cannatella 1985) or lack sufficient outgroups 
for making the appropriate phyletic inference (i.e., Wiens and 
Titus 1991). 

As described in the Pertinent Literature. the findings of Weins 



and Titus (1991) raise the concern that S. intermontanus may be 
paraphyletic. An individual of S. intermontanus from Colorado 
seemed to be more closely related to S. bombifrons than it was 
to a population of S. intermontanus from Oregon. Sample sizes 
were small and only two distant populations of S. intermontanus 
were sampled. Although Northen (1970) found that S. inter- 
montanus and S. bombifrons seem to be allopatric, based on an 
analysis of mating calls he hypothesized that the species may 
have had some past contact. Thus, an alternative explanation to 
Wiens and Titus's (1991) findings could be that some amount 
of past introgression has occurred between the two species (at 
least in Colorado). Obviously. more work is needed on quanti- 
fying geographic variation to determine whether the Colorado 
individual is an outlier or indicative of a more complex taxo- 
nomic picture in S. intermontanus than currently recognized. 
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